
Fiddler Crabs of the World 

OCYPODDAE: GENUS UCA 



PRINCETON UNIVERSITY PRESS • PRINCETON, NEW JERSEY 



Fiddler Crabs of the World 

OCYPODDAE: GENUS UCA 
£yJocelyn Crane 



Copyright © 1975 by Princeton University Press 
All rights reserved 
LCC: 70-166366 
ISBN: 0-691-08102-6 

Publication of this book has been aided by a 
subvention from the New York Zoological Society 

Library of Congress Cataloging in 
Publication Data will be found 
on the last printed page of this book. 

Printed in the United States of America by 
Princeton University Press 
This book has been composed in Linotype Times Roman 



Preface 

This survey of fiddler crabs results from work in both 
field and laboratory. It emphasizes the relation of 
striking form to complex behavior. The approach is 
comparative and the viewpoint that of a student of 
evolutionary biology. 

The systematic revision and proposed phylogeny 
arise from morphological comparisons aided by evi
dence from social behavior, biogeography, and ecol
ogy. While a microscope indoors still arbitrates de
tails, binoculars on a mudflat give better evolutionary 
insights. 

Contributions to the subject from other fields await 
future research. No geneticist has worked on Uca. 
Physiologists, while they have already illumined a 
number of problems, have not yet provided enough 
comparative material to help systematists. Finally, in 
the present state of our knowledge the approaches 

of numerical taxonomy appear both unsuitable and 
impractical. 

Wholly apart from the interest of their character
istics, fiddler crabs form an excellent group for com
parative study. Their genus ranges throughout the 
warmer parts of the world, divides more or less ac
ceptably into about 90 species and subspecies, is 
readily accessible to field observations, and can often 
be collected in series with relative ease. 

It is hoped that this contribution will prove useful 
to three groups of workers: to those interested in the 
taxonomy of the genus, to the increasing number of 
physiologists employing Uca as an experimental ani
mal, and to students of comparative ethology and 
evolution. Meanwhile, as this inquiry is handed on, 
the fiddlers continue to challenge us with surprising 
puzzles and elusive facts. 
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Fiddler Crabs of the World 

OCYPODDAE: GENUS UCA 





General htroduction 

Any human being who finds a suitable piece of warm 
shore, sits down, keeps quiet, and watches fiddler 
crabs must be impressed. Each adult male has one 
of his claws longer than his body and, when condi
tions are right, he wields it vigorously in threat and 
courtship. Sometimes he links claws with another 
male, in either a strenuous fight or ceremonial en
counter. 

Even when he is not socially occupied a fiddler is 
active, providing only that the tide is out, the day 
warm, and, preferably, the sun shining. He feeds by 
straining bits of organic matter from the surface of 
the shore. The small claw, specialized for lifting mud 
or sand, rhythmically brings pinches to the mouth-
parts. Here food is separated from the mineral mat
ter which, accumulating outside, is wiped off now and 
then and dropped to form a growing line of pellets. 
Except under special conditions every crab feeds 
near the burrow in which he has passed the preced
ing hours of high tide. 

A burrow is the center of a fiddler's life. Even 
when the water's edge is far away, he rushes down 
the hole when startled or when driven by heat or 
dehydration. He repairs it as the tide approaches, 
scraping out with his legs large packets of earth 
which he sometimes flings inches away. If a crab 
does not, at the moment, have a burrow of his own, 
he takes active measures to acquire one before the 
water reaches him, either finding an empty hole or 
ousting another crab. 

Some tropical fiddlers change color strikingly be
fore they start the day's display, brightening to shin
ing white with scarlet claws. Others stay vividly spot
ted with blue. Most, while otherwise dull, at least 
have the great claw patched with color and tipped 
with white. 

These brachyuran crabs are without doubt among 
the best of all invertebrates for comparative study. 
They are generally considered an evolutionary apex 
of crustaceans, where they form the well-marked 
genus JJca. In this contribution they are divided into 
62 species. For the biologist one of their great ad
vantages is a combination of prevalenc - and accessi
bility. Fiddlers thrive around the world in the mud
dier parts of the tropics; several forms reach even to 
New England and Japan. All the species are largely 
diurnal, active at low tide, often sympatric, and al
ways gregarious. Their morphological specializations 

alone show a challenging variety; at the latest count 
84 structures on the large claw are devoted to com
bat, and as many as 40 of these occur in a single 
species. This claw sometimes attains more than two 
fifths of the entire weight of the crab. A fiddler's 
repertory of social components is equally remark
able. For example, in pages to come 14 different 
threat postures and motions are counted, 16 meth
ods of sound production, 13 components of combat, 
and 18 of waving display. 

People have been writing about fiddler crabs for 
more than 300 years. Marcgrave recognizably de
scribed two Brazilian forms in 1648, long before 
Linnaeus was born; the German naturalist even re
marked on their color and habitat, and mentioned 
that one kind was eaten locally. Rumphius, who 
spent most of his life in the East Indies, first de
scribed display in fiddlers. "During ebb tide," he 
wrote, "it waves its larger claw strenuously and con
tinuously, as though it wanted to call people, and 
when one comes to it, it hides in the sand." He listed 
names for it in Malay, Dutch, and Latin, all signify
ing "calling crab." His account was published in 
1705, several years after his death. Linnaeus (1758) 
picked up the old description and gave this species 
officially the name vocans—the name we use today. 
About a hundred years later Fritz Miiller was in 
Brazil, enthusiastically accumulating material for his 
Facts and Arguments for Darwin, published in Eng
lish translation in 1869; here he gave in a footnote 
the first statement on color change in fiddlers, having 
found that one species changed rapidly from white 
to dark when it was caught and held. His lively report 
on color change and courtship appeared in 1881. 
Meanwhile Darwin, in touch with Miiller, referred 
several times to fiddler crabs in The Descent of Man 
. . . (1871). 

Alcock (1892), another fine naturalist, watched 
fiddler crabs in India and gave an excellent sketch of 
their habits. After describing one use of the large 
claw in courting, he continued: "The second func
tion, as a fighting weapon, becomes apparent when, 
in the general tournament, one of the rival males 
approaches too close to the other. The great claw is 
then used as a club, the little creatures making sav
age, back-handed sweeps at each other. . . . I did not 
actually see the rival males seize each other in the 
conflict, but I have no doubt that they do so, for on 
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going over the field of action I saw several freshly 
dismembered chelae lying on the mud. So that the 
chela is probably used as a shears as well as a club." 
Alcock's tentative conclusion always disturbed me 
since, in years of observing fiddlers, I have never seen 
a claw detached in a fight. Finally, in 1943, when 
M. R. Raut was watching whimbrels near Bombay, 
he saw the birds catching fiddlers. Each whimbrel 
seized a crab by its large claw, "lifted it up into the 
air and then sharply jerked its head." The fiddler 
promptly broke away from its claw and fell to the 
ground, the appendage remaining in the bird's beak. 
The bird then dropped the claw and picked up the 
crab before it could escape. Raut also reported that 
the place was littered with inedible claws. When, long 
after its publication, I read Raut's account it made a 
satisfying sequel to Alcock's original observation: a 
man who was bird-watching solved a crab-watcher's 
problem, apparently without knowing there was a 
puzzle. 

To the early naturalists it seemed clear that both 
waving and bright colors were concerned primarily 
with direct sexual selection. As Alcock put it: "From 
prolonged watching I feel convinced that the waving 
of the claw by the male is a signal of entreaty to the 
female, and I think that no one can doubt that the 
claw of the male has become conspicuous and beau
tiful in order to charm the female." Although the 
full explanation does not now seem to be a simple 
matter of clubbing rivals and charming mates, the 
idea of the basic ambivalence of this appendage is 
strongly upheld in the present contribution. 

Dr. Alcock was representative of many of the en
thusiastic naturalists to whom we owe not only the 
early collections of fiddler crabs but also the first 
observations on their behavior. Some of the men 
were physicians in distant colonies, others were cap
tains of merchant ships. Sometimes they staffed gov
ernment survey vessels. Accounts of their voyages 
make it easy to understand why puzzles turn up when 
old collections are consulted. 

One such round-the-world trip was undertaken by 
the French vessel "Uranie," sailing on a government 
mission in 1817. The expedition aimed to circle the 
earth, survey the seas, describe the human beings, 
and collect the fauna and flora. The ship's company 
made good progress for more than two years, 
rounded the Horn in safety, and headed at last for 
home. Then they piled up on a submerged rock off 
Patagonia. 

The expedition's leader and captain, M. le Cheva
lier de Freycinet, seems to have been both efficient 
and exuberant. At the beginning of the voyage he 
smuggled his wife, disguised as a sailor, on board for 
the trip, to the Admiralty's later shock. In the narra
tive he quoted Byron from time to time and used 
exclamation marks with freedom. After the ship

wreck he wrote: "Continuous vicissitudes—such is 
the life of the sailor! Dangers forgotten as soon as 
passed—such are men!" Somehow they rescued 
stores, gear, and all the scientific specimens. Finally 
they bought another ship and sailed home. It does 
seem likely that a crab label could have been dis
placed that night they hit the rock. (De Freycinet, 
1825-1829; Rouch, 1953.) 

In the early days of taxonomic study it was not 
often possible for systematists to work with one an
other's collections, which in any case were meager. 
Among the predictable results are the sometimes 
extensive synonymies that appear in the present re
vision. In addition the characters important for dis
tinguishing species were still wholly uncertain. Con
sequently Ilea's taxonomy very early reached a state 
of chaos. A number of capable systematists from 
time to time attacked the group on a regional basis; 
their work made it possible to distinguish species in 
restricted areas. Of these workers the most ambitious 
and successful was Mary J. Rathbun, who organized 
the numerous American species of the genus in her 
monograph The Grapsoid Crabs of America 
(1918.1). She was the first to recognize the taxo
nomic value of a number of Uca,s characters. Much 
of the morphological work in the current study rests 
on the foundation she built. 

The form of the present systematic section is the 
result of four basic aims that carry roughly equal 
weight. The first is to clarify the man-made taxon
omy. The second is to provide means of species iden
tification for workers with the group, regardless of 
their special interest. The third aim is to describe in 
sufficient detail the tuberculation, ridges, and other 
armature so that, even though the uses of these struc
tures are not yet fully understood, ethologists in the 
future will find a morphological groundwork already 
in place. Finally, a continuing effort is made to seek 
out and include characteristics of apparent impor
tance in the group's evolution, whether they be mor
phological or behavioral. Unfortunately not enough 
is yet known of comparative physiology in Uca to 
include more than hints of physiological characters 
in the systematic treatment. Even more regrettably, 
we remain completely ignorant of the genetics of the 
genus. 

The second part of the book consists of general 
chapters on biogeography, ecology, morphology, and 
behavior. Here the aim has been to survey the group 
as a whole, the emphasis being both on its general 
phylogeny and on its development of social behavior. 

Throughout the progress of the study a major ef
fort was made to link knowledge of the living crabs 
with that of their morphological specializations. To
ward that end the practical work was divided into 
three categories. The first consisted of field trips, 
made to all the major regions inhabited by Uca. In-
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formation on the localities visited and amount of 
time spent in each is given in Table 24 (p. 662). 
Field time throughout most of the trips was divided 
between observation and cinematography. In recent 
years tape recordings have been made and, most 
recently, videotape apparatus is proving useful. 
After 1957, when the importance of the semi-lunar 
cycle in social behavior became apparent, trips were 
planned to permit work at key points at optimal 
tides. The longer itineraries were built around stays 
ranging from about ten days to a month or more in 
important places, with shorter stops in less strategic 
areas. 

Second, supplementary observations on living 
crabs were made in terraria, here termed crabberies, 
both out-of-doors on the West Indian island of Trini
dad and indoors in New York. Altogether 27 species 
have been carried to the crabberies from Asia, the 
eastern Pacific, and the Caribbean. Through work 
with the captive crabs valuable supplementary data 
were obtained, chiefly on waving display and sound 
production. Because of artifacts of captivity, no dis
play timings were recorded on these individuals, nor 
are observations on social behavior included here 
that were made only on captive crabs. 

Finally, interspersed among the field trips was 
work on preserved specimens in the laboratory and 
in museums. The alternations of behavior work with 
the morphological study of collections proved stimu
lating to both aspects of the program. For example, 
for years I casually watched the fighting of male 
fiddlers in the field, paying the combats little atten
tion, since they seemed so much alike throughout the 
genus. Meanwhile in the laboratory I often had to 

describe the ridges and tubercles that make patterns 
on the claws. By manipulating specimens I some
times tried, always without success, to fit the most 
puzzling structures into positions suitable for stridu-
lation against another part of the fiddler's anatomy. 
When the idea of the use of the structures during 
combat eventually arrived, I was not watching living 
crabs on a tropical mudflat. Instead, the explanation 
appeared on a winter afternoon in the Bronx Zoo 
laboratory, when I was describing a long-dead jestae 
through a microscope and trying simply to finish my 
stint and go home. Suddenly it seemed that those 
tubercles on the claw might somehow be used in cere
monial fighting. Perhaps in linking chelae males 
played a kind of "duet." So when I next went to 
Trinidad I checked the idea out on the first good tide. 
The only surprise then was that the explanation had 
not been obvious to everyone who ever watched a 
fiddler fight during the past hundred years. 

In this survey of a genus with many species, the 
traditional approach of an evolutionary biologist ap
pears to be the only one feasible. The approaches 
here have accordingly followed the paths mapped 
out in particular by Huxley (1942), Lorenz (1941), 
Simpson (1953, 1961), Tinbergen (1951, 1953), 
Mayr, Linsley, and Usinger (1953), and Mayr 
(1963, 1969). 

After years of intermittent preparation, the accu
mulated material appears finally to be fitting to
gether. Naturally unknown answers and unfinished 
lines of evidence still dangle in tantalizing plenty. 
I hope and believe that other people, as they carry 
on from here, will also thoroughly enjoy the search. 
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Introduction 

The first paragraphs below concern procedures used 
in this section. These comments are followed by an 

Every taxonomist who revises a group of animals 
must ask questions that do not have definite answers. 
Often the basic query is merely whether to use a 
particular category above or below the level of a 
species. For instance, will the division of a complex 
genus, such as Uca, into subgenera be helpful to 
workers or an inefficient complication? 

A more important example concerns the designa
tion of subspecies. It is an old problem. Species have 
biological reality, while the other taxonomic cate
gories are man-made conveniences. Species can be 
defined, once we know enough about them. The 
trouble is that we must often base our systematic 
decisions on inadequate material. Especially in these 
difficult cases we usually have little or no acquaint
ance with the animal in its habitat. These uncertain
ties have, of course, been prevalent in the present 
study of fiddler crabs. 

What, in particular, is the best treatment for allo-
patric populations made up of individuals that are 
both similar and neighboring, yet each a recogniz
able member of one form or the other? Material is 
almost always insufficient for reliable statistical 
analysis. More important, we do not know whether 
forms interbreed, or whether they could or would do 
so if populations were naturally coincident. Often no 
field work has yet been done in the most likely area 
of coincidence. In only three species of Uca have I 
found good evidence of hybridization in such cases; 
here I could with confidence designate the subgroups 
as subspecies. Yet, in a number of other forms the 
designations of subspecies rather than species seem 
also to be clearly the more reasonable on the basis 
of the morphological and behavioral evidence we 
have in hand. The resulting divisions are of practical 
importance for future progress, since specialists in 
other fields understandably tend to disregard sub-
specific names; sometimes, too, both taxonomists and 
non-taxonomists do not consider the concept of sub
species as valid or even useful. Nevertheless it is now 
clear in Uca that populations of the same species in 
different geographic localities do differ in ways that 

annotated list of the topics that will be covered. The 
section ends with comments on style. 

will prove to be of increasing interest to biologists. 
What, again, is the best taxonomic procedure 

when the subjects are similar forms occurring on the 
two sides of the Isthmus of Panama? This barrier has 
kept related fiddler populations apart for at least two, 
and more probably five, million years. Several pairs 
of these forms seem to have evolved at slower rates 
than, for instance, some forms of Uca in the Indo-
Pacific. Obviously the populations cannot, at this 
geological moment, interbreed; obviously, too, they 
must by now differ genetically; they do, in fact, show 
distinctions in minor ways. A taxonomist perhaps 
should automatically consider each a full species; 
yet if he does so some of his other decisions will 
appear particularly illogical. 

Fortunately we may look forward to improvements 
on any current classification as soon as genetical pro
grams, planned studies in the field, adequate sam
plings, physiological techniques, and judicious statis
tical analyses begin to produce results. Meanwhile it 
seems to me that the most helpful interim arrange
ment of the genus should be strongly hierarchical, 
even though the degrees of relationships cannot yet 
be proved. I have therefore used subdivisions based 
on varying degrees of morphological and behavioral 
similarity. In addition to species, the categories found 
serviceable in Uca consist of formal subspecies, in
formal superspecies, and formal subgenera. In addi
tion, another informal term, alliance, is used to cover 
one or more species in a superspecies along with the 
other species that appear also to be close relations. 

ALLOPATRIC CATEGORIES 

Pragmatic criteria of subspecies and species among 
allopatric groups of Uca, where we have no data 
concerning hybridization, are used here as follows: 

Subspecies usually differ from one another in only 
about one to three morphological characters that are 
readily apparent to the practiced worker; these dis
tinctions include any characters on the gonopod and 
major cheliped. Sometimes only one character is 

CATEGORIES AND THEIR TREATMENT 
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diagnostically reliable; behavioral and habitat differ
ences are usually minimal, although exceptions occur. 

Allopatric species differ from one another in about 
two or three readily apparent morphological charac
ters in addition to those of gonopods and major 
chelipeds; except in the subgenus Minuca, the gono
pods show clear distinctions, while differences are 
also discernible in waving display. In Deltuca and 
Minuca the major chelipeds are similar among allo
patric species; in Celuca distinctions are more ap
parent. 

Evolution in Uca being the complex process it ob
viously is, any attempt to pin down degrees of dif
ferences for application throughout the genus can 
only be approximately satisfactory, as workers using 
the above criteria will swiftly agree. 

The informal category superspecies is useful for 
assembling under a single name two or more allo
patric species. Except for occasional zones of coinci
dence, each of these species occupies a different 
range and each appears, through a number of mor
phological characters, to be more closely related to 
one or more other members of its superspecies than 
to other species in the genus. In the table of contents 
and in headings for species and subspecies in the 
text, superspecies are indicated by the name or ini
tial, enclosed in brackets, of one of the species in 
the group. 

A L L I A N C E S AND L O C A L A L L I A N C E S 

In a few localities, especially in the tropical eastern 
Pacific, members of superspecies are found in close 
sympatric association with other species that appear 
to be equally or almost as closely related as are the 
allopatric members of the group. These associated 
species are here termed members of the local alli
ance, while the entire related group, composed of the 
members of the superspecies and the members of the 
local alliances, are termed an alliance; sometimes 
the name of a species is used with the term and its 

Following short introductions, the species are treated 
under the topics given below and in corresponding 
order. 

Subspecies are described as briefly as is practica
ble, usually with emphasis on morphological charac
ters. Unlike the procedure in species descriptions, 
their order is governed by their importance or con
venience for diagnosis, not by consistency among 
species. Data on measurements, color, and social be
havior of subspecies are usually included under the 

allies, or and the members of its local alliance. The 
only large group of species to which these terms ap
ply is that of the American superspecies crenulata 
and its relations in the subgenus Celuca. 

SUBGENERA 

The last kind of group used in this study is the sub
genus, once more a formal designation. During the 
first half of the work on this contribution it seemed 
inadvisable to stress feeble homogeneities by divid
ing the genus formally into subgenera. Such divisions 
usually have an added disadvantage: either they in
clude intermediate forms, thereby obscuring relation
ships, or else monospecific subgenera have to be 
erected for the interesting misfits. Characteristically, 
such a monospecific group cannot be adequately de
fined on the subgeneric level because of the lack of 
species for comparison; in any case, it is often in
sufficiently differentiated for the standing accorded 
it. Nevertheless, in this study the convenience of sub-
generic handles came to seem essential. 

The nine subgenera described are helpful both in 
indicating relationships on a global basis and in 
breaking up the genus into more manageable units. 
As an inspection of the diagnoses, descriptions, the 
key, and Table 1 will show, their morphological 
boundaries are something less than concise, while the 
selection of subgeneric characters has been difficult. 
The comments under the descriptions of the genus 
and of the individual subgenera will, it is hoped, 
demonstrate the reasons for these subgeneric divi
sions. 

Unlike the treatment of species, described below, 
non-morphological categories are curtailed in the 
descriptions of subgenera, since they form the sub
jects of most of the chapters in Part Two. A special 
section on Relationships follows the description of 
each subgenus; in addition, two of them, Uca and 
Minuca, end with comments on the only fossils 
known in the genus. 

appropriate headings in descriptions of the species in 
order to facilitate comparisons; exceptions occur 
where the material was too extensive for effective 
presentation under single headings. 

Since zoeae and megalopa in Uca have been iden
tified in only five species, descriptions and discus
sions of these stages are omitted. The following 
references are pertinent: Hyman (1920, 1922), 
Herrnkind (1968.2), and Feest (1969). 

ANNOTATED LIST OF TOPICS CONSIDERED UNDER 

SYSTEMATIC HEADINGS 
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MORPHOLOGY 

Diagnosis 

The characters given are of two kinds. The most gen
eral, especially the breadth of the front, are for the 
reorientation of workers who come directly to a page 
after using one of the regional keys. Second, several 
characters are given which at least in combination 
separate the species from sympatric and nearby allo-
patric relations. 

These characters are purely those of conven
ience and do not necessarily appear in the order in 
which they will be included, often with amplified de
scriptions, under the detailed treatment of the mor
phology. 

Description 

MALE 

The selection of characters of course varies with 
the subgenus. Their locations are illustrated in Figs. 
1-4, 42-44, and 58, and are included in the intro
duction to the keys (p. 614) and Glossary. Among 
the subgenera, the species of Deltuca and Celuca, the 
first and the last, are described in most detail as the 
least and most specialized both morphologically and 
in social behavior. Especially in Celuca, morpho
logical details are described where the use is not yet 
known, particularly in the armature of the major 
cheliped. Thus the descriptions contain not only ma
terial useful in the identification of a crab in the 
hand, but also material that is used in discussing 
relationships; finally, some of the details are expected 
to be useful only to future ethologists. 

On the other hand, some characteristics are 
treated very briefly, even though they can be ex
pected to prove of importance in future work of 
various kinds. The reason, of course, was lack of 
time combined with either great variation, or diffi
culty in making efficiently rapid examinations, or 
both. The most obvious structures that have received 
short shrift are the spoon-tipped setae on the second 
maxilliped, the gill on the third, details of armature 
on the eight ambulatories (which vary not only from 
leg to leg but from one side to the other) and, final
ly, the external form of the spermatophore, which 
almost certainly can provide excellent specific 
characters. 

FEMALE 

Although the topic Description is followed by the 
subheading Male, most characters will be found to 
apply to both sexes. Unless there is a statement to 
the contrary, the female, except for differences noted 
under that heading in the subgenus and genus, shares 
with the male all characters that are not of obvious 

primary and secondary sexual significance. Only ex
ceptions and special characters are listed for each 
species under the subheading Female. 

Measurements 

Methods of measurement appear in Fig. 4. Although 
many carcinologists have used the carapace breadth 
as the standard measurement of size, this custom has 
not been followed here; length seems to be the more 
satisfactory dimension from a biological point of 
view. Heterogony strikingly affects many parts of fid
dler crabs beside the major claw, and carapace 
breadth, next to the claw size and proportions, shows 
the greatest relative change with growth. If this di
mension were selected as the size standard, the 
growth ratio of the claw to carapace would reflect 
the heterogonic values less clearly. In each species, 
with the exception of rapax, measurements are given 
on only a few specimens. The measurements selected 
are carapace length and breadth in both sexes, plus 
the lengths of propodus and major dactyl in males. 
These dimensions not only give an idea of normal 
and unusually large adult sizes, but they automati
cally indicate the principal length proportions of the 
major cheliped. In addition, they show the extreme 
ratio of claw to body size attained in the material at 
hand. This information may help future workers 
interested in heterogony in their selection of material. 

The appearance of the initials J.C. in a table of 
measurements indicates that I made the measure
ment, usually on a type-specimen, to complete infor
mation omitted in the published description. 

Morphological Comparison and Comment 

The section is often divided between practical sug
gestions for identifying the species and remarks on 
its relationships to other members of the subgenus. 
Most of the dendrograms (Figs. 96-101) resemble 
the aerial view of a tree more than the usual lateral 
aspect. The reasons for the design reflect, of course, 
both our lack of fossils and the close interrelations 
of subgenera and species. These apparently basic and 
varied relationships are indicated by the open bases 
of the branches, and, in the dendrogram of sub
genera, the black lines proceeding from some of the 
bases toward non-adjacent groups. Superspecies are 
shown by the grouping of species in solid rings; local 
alliances are similarly circled by unshaded rings. 

Color 

The basis of each description is the color of males 
during waving display. Often the description is con
fined to this phase, because nonwaving males as well 
as females and young frequently do not show distinc-



12 INTRODUCTION 

tive hues and patterns. Throughout the genus indi
vidual color variation is prevalent, while some paling 
or brightening of color by displaying males is fre
quent. Populations in different parts of the range 
often differ in their coloration, either slightly or strik
ingly. Therefore in systematic work color cues from 
field notes should be used with caution unless one is 
thoroughly familiar with the species and its sympatric 
associates. 

S O C I A L B E H A V I O R 

When data are available the following topics are 
treated under each species: waving display, precopu-
latory behavior, chimney or other construction activi
ties, acoustic behavior, and combat. The indexes to 
names and subjects will often provide other refer
ences to the species appearing in Part Two. Defini
tions of behavior components and references to their 
descriptions in the text are given in the Glossary. 

RANGE 

A summary is given under this heading, along with 
a statement concerning marginal records that are 
open to question. More detailed localities will be 
found under the heading References and Synonymy 
at the end of the account of each species. Additional 
records are given under the species name in Appen
dix A: Material Examined. In maps with dots show
ing records of occurrence, only those localities are 
included where I have checked the material; this was 
essential in most Indo-Pacific forms where the Sys
tematics were especially confused and many of the 
recorded specimens could not be located. 

REFERENCES AND SYNONYMY 

Under this heading two classes of intended omissions 
occur. First are occasional citations that not only 
show taxonomic confusion but also lack special his
torical or other interest. Second are recent references 
wholly devoted to physiological studies; comments on 
this class of omission appear on p. 448. 

The omissions in the first group are based on er
roneous synonymies, on material belonging to more 
than one species, or both, and, furthermore, not de
scribed in such a way that useful attempts can be 
made to disentangle them. Almost all of these refer
ences are to contributions that surveyed the genus 
toward the end of the nineteenth century. At that 
time it was impossible for the authors to examine 
more than a fraction of the scattered material that 
had been recorded; their synonymies and descriptions 
consequently often reflected the abbreviated descrip-

BlOTOPES 

A short resume of the habitats is given for use in con
junction with Figs. 21-23 and Table 10. 

S Y M P A T R I C A S S O C I A T E S 

Only the most usual associates are listed. In localities 
especially rich in food the list can often be consider
ably lengthened. Examples are given under suitable 
species. Comments on degrees of closeness in sym-
patry are given on p. 690. 

MATERIAL RESULTING FROM FIELD WORK 

This resume is supplemented by the data given in 
Appendix A: Material Examined. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Not all types that are known to be missing or that 
have not been found are replaced by a newly desig
nated lectotype or neotype. Where no apparent taxo
nomic confusion or question exists at present, this 
step does not seem to be necessary, or, in view of the 
ultimate fragility of specimens, desirable. Lectotypes 
from among older collections, particularly with spec
imens from more than one locality all labeled 
"types," seem more useful; the best example is that 
of the two males from different localities described 
by Milne-Edwards as Gelasimus dussumieri; they 
proved to belong to two species, one new and one 
already described. Lost types and indeterminate ma
terial are discussed following the last species in the 
systematic section (p. 322). The index to scientific 
names lists all names, whether in current use, in syn
onymy, discarded, or of indeterminate significance. 

tions and inadequate drawings of their predecessors. 
Among the references that are sometimes omitted for 
these reasons are, for example, Kingsley, 1880.1, 
and Ortmann, 1897, as well as some of the references 
they included in their synonymies. 

References to illustrations are included if they 
meet any of the following conditions: First, they ac
company a type description. Second, the illustrations, 
most of them recent, appear helpful from a taxo
nomic viewpoint; these citations are often given only 
in general terms, such as "fig. of claw," where no 
confusions exist and the author under the species 
heading gives the full reference. Third, the illustra
tions accompany early references of historical inter
est. Omitted figures or plate numbers refer to inaccu
rate sketches and those illustrating characteristics 
now known to be of little or no taxonomic impor-
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tance. Future students of a particular species or 
group will consult the references for themselves; 
meanwhile it is certain that the great majority of 
older illustrations do not include, or else they pic
ture inexactly, the characters that are now known to 
be of importance both taxonomically and function
ally, such as, particularly, those used in acoustic and 
combat behavior. 

Finally, the annotations accompanying the refer
ences attempt to give in extremely brief form the con
tent of each citation. Where the page number, with 
or without a reference to an illustration, is followed 
only by a geographic locality, the author gives no 
taxonomic description or discussion; he is, however, 
recording new material; he may also give a list of 
references in such a record and arrange them without 
comment according to his conception of the syn
onymies of the names included. If the reference is 
based only on the work of previous investigators and 
does not record new material, that fact is stated fol
lowing the citation. 

COMMENTS ON STYLE 

The generic name Uca, or its abbreviation U., is 
usually omitted in this study before a species name. 
Since almost all the crabs mentioned in the book are 
members of this genus, and since Uca is used when
ever other genera are also being discussed, this dis
regard of taxonomic convention seems warranted. 

More questionable may be my occasional use of 
a species name, or the phrase "this species," as 
though it were a living animal capable of activity. 
An example is the sentence, "This species, when pur
sued, runs faster than inversa." To be traditionally 
acceptable it should be phrased more precisely, as in 
the form, "In this species the crabs, when pursued, 
run faster than do individuals in U. inversa." Such 
problems of usage were rare in the days when taxo
nomic names were used principally in morphological 
descriptions of dead specimens. At present, since so 
much of this book concerns behavior, it seems to me 
desirable to avoid circumlocutions whenever this 
practice does not obscure the meaning. 

In the selection and spelling of geographic names 
occasional conflicts arose between familiar usage and 

Where the word taxonomy is included in the an
notation, the reference comments, whether briefly or 
in a detailed description, on the morphology of this 
material, and often on its systematic position. 

Any of the rarely occurring comments on color, 
habitat, or, in the older references, habits are in
cluded in the annotation, unless the author merely 
uses a word or phrase so general as to be unhelpful, 
such as intertidal zone or mangroves in groups where 
the association can today be taken for granted. 

At the end of some annotations appears the ab
breviation for an institution, as given on p. 678, fol
lowed by "!", the symbol indicating that I have ex
amined some, at least, of the material included in the 
reference cited. Since, in older collections and ref
erences, it is often impossible to determine whether 
or not particular specimens were those described in 
a given publication, I have omitted this symbol ex
cept in examples where I felt sure beyond reasonable 
doubt that the reference cited was actually based on 
the indicated material. 

recent nomenclature. In statements of range, the 
forms selected are in general in accordance with 
those used in current leading American and British 
atlases and hydrographic charts, as well as on large-
scale maps, in English, that are available in some 
countries. Exceptions occur when a name that has 
been officially discarded in recent years probably re
mains more familiar to most English-speaking read
ers than does the current name; an example is my use 
of Celebes for Sulawesi. In Appendix A, however, 
an effort has been made to use the contemporary 
names of political entities with the more familiar 
name following, in brackets. The practice of using 
brackets in similar fashion is also used where both 
names are at present current, as in the Nansei 
[Ryukyu] Islands. In the sections entitled "Refer
ences and Synonymy" the names used in the publica
tion cited are retained; for example, Taiwan is not 
substituted for Formosa; in foreign names, English 
versions are used, as in the use of China for "Chine," 
when no doubt of the author's intention is apparent. 



FAMILY OCYPODIDAE ORTMANN, 1894 

Reference: Ortmann, 1894.2: 700. 

Brachygnathous crabs with orbits occupying almost 
entire anterior border of carapace, the front being 
usually narrow and somewhat deflexed; outer orbital 
margins often incomplete; eyestalks slender. Palp of 
third (external) maxilliped articulating at or near 
antero-external angle of merus; exognath usually 
slender and often more or less concealed; the maxil
liped usually completely covers the large buccal cav
ity. One cheliped in male often enlarged. Male abdo-

Reference: Dana, 1851: 248. 

Carapace deep, roughly quadrilateral but sometimes 
almost pentagonal, the regions usually indistinct; 
front narrow, usually a lobe curved slightly down
ward between the eyestalks; flagellum of antenna 
small, folding obliquely or almost vertically; inter-
antennular septum broad; external maxillipeds com
pletely enclosing buccal cavity; exognath always at 
least partly visible, its flagellum present or absent. 
Afferent branchial opening, thickly fringed with 
setae, between bases of 2nd and 3rd pairs of ambula
tories. Female gonopore on 3rd segment of sternum. 

One cheliped enlarged in males, often remarkably; 
chelipeds in females equal or somewhat unequal. 
Merus of chelipeds and ambulatories always distinct
ly three-sided at least proximally, there being one 
margin dorsally and two ventrally. The merus of the 
major cheliped, however, is rotated toward the rear, 
so that the dorsal margin is directed postero-dorsally 
and accordingly is termed the postero-dorsal mar
gin in the descriptions; similarly the margin that is 
homologous with the antero-ventral margins of the 
ambulatories is rotated upward and becomes the 

men narrow. 
Amphibious, burrowing crabs confined largely to 

the tropics of the world, where they occupy a variety 
of habitats on shore and in estuaries. Most are gre
garious and some genera have complex patterns of 
social behavior. The family comprises about a dozen 
genera of which the best known include Macroph-
thalmus, Scopimera, Ilyoplax, Heloecius, Ocypode, 
and Uca. 

antero-dorsal margin, while the homologously ven
tral surface faces forward, becoming functionally and 
taxonomically the anterior surface. 

Carpus and manus of ambulatories have one dor
sal and two ventral margins, occasionally with the 
addition of an antero-lateral or postero-lateral ridge, 
short or long; one or more of all these margins, as 
well as those of the meri, may be indistinct or miss
ing, especially in males; ambulatory dactyls always 
have six margins marked by ridges. Carpus, propo-
dus, and dactyl of both chelipeds showing a wide 
variety in shape, armature, and relative size. 

The subfamily's two genera, Ocypode and Uca, 
are the only cosmopolitan genera in the family, ex
cluding the rare and marginal genus Euplax. On 
American shores as well as in the Indo-Pacific the 
Ocypodinae are so well known that they almost al
ways have local names; in English the species of 
Ocypode are recognized as beach crabs or racing 
crabs, while those of Uca are the calling crabs or 
fiddlers. 

SUBFAMILY OCYPODINAE DANA, 1851 
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MORPHOLOGY 

Diagnosis 

Brachygnathous crabs differing from all other genera 
in the enormous size of the male's major cheliped, 
the minor cheliped and both in the female being 
minute. Uca differs additionally from Ocypode, the 
other genus in the subfamily, in having smaller eyes 
on longer stalks, longer antennae, and shorter ambu
latories, while it lacks a stridulating ridge on the 
ischium of the major cheliped. 

Description 

With the characteristics of the subfamily. 

MALE 

Carapace. Body deep. Carapace subquadrilateral to 
almost hexagonal, slightly wider than long, never 
flattened. Front deflexed, moderately to very narrow 
(about 2.5 to 20 times in breadth of carapace), spatu-
late to widely arched in shape; a small, median, distal 
notch always present in frontal margin. Orbits some
times straight, but usually directed obliquely back
ward. Antero-lateral angles usually pointed and 
slightly produced, sometimes a right angle; variable, 
often dissimilar on major and minor sides. Antero
lateral margins ranging from absent to moderately 
long; converging, parallel, or, rarely, slightly diverg
ing. Postero-dorsal margins moderately converging, 
of varying lengths and degrees of distinctness, rarely 
extending almost to posterior edge of carapace above 
base of 4th ambulatory; usually marked by a raised 
line only, sometimes beaded or spinulous, rarely 
tuberculate. One or two postero-lateral striae, one 
above the other, sometimes present behind and below 
postero-dorsal margin. Lateral margins slightly to 
moderately converging. Vertical lateral margin rang
ing from almost absent, to developed ventrally only, 
to strong throughout. Surface of carapace usually 
smooth, rarely partly setose or tuberculate, especially 
posteriorly or on sides; except for H-form depres
sion, regions never deeply demarcated. 

Orbit usually considerably wider than diameters of 
eye and its stalk. Upper orbital margin more or less 
sinuous, often composed of two distinct edges, some
times serrate or beaded, with or without a space be
tween them which, when present, forms the eyebrow; 
latter often deflexed; upper marginal edge continues 
internally as a raised line and proceeds around the 
front, sometimes as a slender margin, sometimes as 

a thickened border. External angle of orbit without 
a raised margin, but often with one or more sepa
rated tubercles on its outer edge; a narrow channel, 
free of tubercles, always present at its lower, poste
rior corner. Lower orbital margin with crenellations 
weak to strong, always strongest near outer angle; 
orbital floor with or without a mound, ridge, or tuber
cles. Suborbital regions, behind crenellations, usual
ly tuberculate, sometimes naked, often covered with 
setae which may or may not be in the form of dense 
pile. Pterygostomian regions usually setose, often 
tuberculate, never altogether naked and smooth. 

Anterior Appendages. Antennal flagellum not hidden 
beneath front; antenna large compared with that in 
Ocypode. Eye subterminal on stalk, the extreme end 
of which, usually flattened, curves partway around 
the eye's tip; rarely the stalk projects in a short or 
long style beyond the eye. Buccal cavity broader than 
long. Third maxilliped with ischium ranging from 
flat, grooved, and moderately setose to convex and 
smooth, its gill form ranging from large with many 
books to vestigial with none. Second maxillipeds 
with spoon-tipped setae ranging from few to numer
ous, and of varying form. 

Major Cheliped. Enormous, strikingly different from 
the minor, and with a wide diversity of form, rela
tive sizes of segments, and occurrence of ridges, 
tubercles, and similar specializations. Ischium with
out a stridulating ridge, but sometimes with minute 
tubercles. Merus in adults always projecting beyond 
carapace; postero-dorsal margin often lacking except 
proximally; antero-dorsal margin (in homology with 
ambulatories, the antero-ventral margin) always 
marked strongly or weakly by a ridge, crest, tuber
cles, or spines, especially distally; ventral margin 
(homologously the postero-ventral) always with one 
or more rows of serrations, tubercles, or rugosities; 
posterior and dorsal surfaces usually partly rugose, 
or with tuberculate striae, or tuberculate, at least 
dorso-distally; anterior surface (homologously the 
ventral) flat and smooth, finely granulate, or, rarely, 
partly tuberculate, especially dorso-distally. 

Carpus with dorsal surface flat or rounded, with or 
without rugosities, its edge usually bent toward inner 
side, with or without one or more teeth or small 
tubercles, its anterior surface flat and smooth, some
times with a blunt, oblique ridge, which is rarely 
armed with one or more tubercles, large or small. 

Outer manus ranging from rough with large tuber
cles to a surface covered with tubercles so minute 
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that the surface appears macroscopically smooth. 
Tubercles usually largest near upper margin, some
times also enlarged near base of pollex; lower proxi
mal region (heel) often rounded and protruding to 
various degrees; dorsal margin more or less bent over 
toward inner side (palm), sometimes broad and flat
tened, always tuberculate in various patterns, some
times further marked off externally by a submarginal 
groove. Predactyl area, at upper, distal end of manus, 
almost always set off by a predistal groove and distal 
blunt ridge, the latter either smooth or tuberculate. 
Lower distal outer manus, near base of pollex, with 
or without a depression, which may be large or small, 
and tuberculate, smooth or pilous. Ventral margin 
usually marked by a row of beaded tubercles, some
times further set off as a low carina by an external 
groove at its base; rarely with a second ridge, sub-
marginal, smooth or tuberculate, continuing distally 
into pollex. 

Palm always with an upper proximal depression, 
the carpal cavity, with its distal boundary sometimes 
well marked, sometimes incomplete. An oblique 
ridge, tuberculate and prominent with few excep
tions, runs from lower distal edge of carpal cavity to 
lower margin of palm near pollex base; sometimes 
it almost parallels the ventral margin; sometimes it 
is strongly oblique; in some species it continues up 
around the cavity's anterior margin. One or two 
tuberculate ridges, roughly parallel to base of dactyl, 
on distal part of palm; the more proximal is conflu
ent ventraily with inner row of tubercles along upper 
pollex margin. Center of palm tuberculate to smooth. 
Lower distal part of palm with a hollow, behind pol
lex base, ranging from large and deep, with a trifid 
trench, to very shallow. Lower proximal part of palm 
almost smooth except, in one subgenus, for differing 
patterns of stridulating tubercles. 

Pollex and dactyl usually much longer than manus, 
their shape and the armature of gape varying greatly 
even within populations. Each finger with or without 
a long external groove running almost its full length; 
each tuberculate outside, or rarely pitted, usually 
only proximally. Ventral margin of pollex sometimes 
with a continuation of the arrangement of tubercles, 
sometimes carinate, that starts on ventral margin of 
manus. Dorsal margin of dactyl usually flattened 
proximally, practically always rough with tubercles, 
which continue for some distance along margin and 
may reach halfway to tip; among the proximal tuber
cles a short groove is usually deeply marked; rarely 
it continues far along outer upper side of dactyl, 
paralleling the lateral groove. Dactyl never shorter 
than pollex; its curvature is often greater, and it often 
tapers to a slender tip which curves down beyond 
pollex. Gape narrow to wide, the fingers not in con
tact except distally; upper margin of pollex and lower 
of dactyl basically with three rows each of tubercles 

or teeth; any row may be missing, or present only in 
a portion of the gape; one or more tubercles, most 
often a part of the central row, are usually enlarged, 
sometimes strikingly so, in each margin; in some spe
cies part of either margin, rimmed with tubercles, 
projects into gape, sometimes forming a forceps-
shaped tip at end of claw; tip of pollex often bifid or 
trifid, through grouping of enlarged distal tubercles. 

Minor Cheliped. Very small, even in comparison 
with ambulatories. Merus with dorsal margin armed 
weakly or strongly with tubercles, spinules, or con
tinuations of rugosities from postero-dorsal surface. 
Antero-ventral margin unarmed. Postero-ventral 
margin serrate or tuberculate, the tubercles some
times in form of sharp and slender spinules. Postero-
dorsal surface almost always somewhat roughened 
with tubercles, spinules, or rugosities, sometimes 
weakly and only on upper distal part. Anterior and 
ventral surfaces smooth; dorso-distal margin at least 
irregular, sometimes formed of a regular row of 
minute tubercles; a parallel ridge, similarly armed, 
usually present predistally on dorsal surface. Carpus 
with or without a subdorsal ridge on outer side. A 
longitudinal stria, the mano-pollex ridge, is almost al
ways conspicuous; it starts at some point on lower, 
outer manus and continues part way along lower half 
of pollex. Dactyl with or without a faint, broad, longi
tudinal ridge; sometimes also with a shallow groove 
above it and a faint second ridge above the groove. 
Pollex and dactyl usually clearly longer than manus. 
Gape ranging from very narrow, with the tubercles 
or serrations of the prehensile edges in contact, to 
wide, with the fingers arching to meet only distally. 
Tips horny, often expanded, meeting perfectly or 
nearly so, almost always with spoon-like excavations 
on inner sides. Margins of manus and fingers with 
setae, ranging from sparsely scattered to thick fringes; 
outer manus and palm with a few setae only; inner 
subdistal portions of fingers with fringes of setae 
forming a single, basket-like tuft when tips of fingers 
are in contact; they are located along the lower and 
upper margins of the excavated ends of pollex and 
dactyl respectively, especially distally. 

Ambulatories. All always well developed, but shorter 
and the segments often relatively deeper than in Ocy-
pode. Second leg is longest; 3rd leg next longest; 4th 
leg shortest and most slender. All segments beyond 
ischium moderately compressed antero-posteriorly. 
Merus often expanded dorso-ventrally, all three mar
gins marked by at least a blunt edge, usually armed 
at least dorsally with serrations directed distally, rare
ly with separated tubercles; serrations on dorso-distal 
margin usually distinct; postero-ventral margin lower 
than antero-ventral, and its armature stronger. Pos
terior side of merus, especially in dorsal half, often 
with scattered tubercles or vertical, tuberculate striae; 
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they are most numerous on 2nd and 3rd legs, often 
entirely missing on 4th. Similar tubercles or striae 
rarely and sparsely present antero-dorsally on first 
two or three meri. 

Anterior carpus, and sometimes the distal merus, 
the manus, or both of 1st leg, rarely with a ridge or 
a row of tubercles (some Celuca only). Posterior 
carpus of 2nd and 3rd legs sometimes similarly 
equipped. Dorsal margins of carpus and manus of 
two or more legs sometimes with one or two ridges, 
the intervening dorsal surface sometimes roughened. 
Manus and dactyl fringed variously with setae; pile 
sometimes present on any of the segments, especially 
close to the joints. 

Abdomen. Seven segments except in a few species of 
the subgenus Celuca; in these two or more segments 
are fused. 

Gonopod. All parts showing a wide range of form 
and proportion. 

FEMALE 

The outstanding characteristics of females through
out the genus are as follows: first, the absence of a 
large cheliped, the cheliped on the two sides being 
minute and similar; second, the stronger armature of 
carapace and ambulatories; and, third, the relatively 
greater volume of their carapace in comparison with 
that of males of equal length. This capacity results 
from some or all of these characteristics: more trans
verse orbits, less converging sides, higher arching, 
and more shallow grooves between regions. (In spe
cies where the males are often exposed to desiccation 
the carapaces are similarly shaped, so that in this 
particular these males appear feminized.) 

In more detail, females differ from males in the 
following secondary sexual characteristics: Carapace 
less wide, often more arched. Orbits less oblique, ex
cept in species where male orbits are almost trans
verse; antero-lateral angles similar to each other. 
Antero-lateral margins, where absent or very short 
in male, present or longer. Dorso-lateral margins 
less converging; these margins and, when present, 
postero-lateral striae, sometimes longer and stronger, 
the ridging being higher and the elements of its arma
ture—beading, serrations, or tubercles—larger; often 
beading replaces unarmed ridging or serrations re
place beading. Granules in rows or clusters, or tuber-
culate striae in this postero-lateral area sometimes 
present in female only; entire dorsal and postero
lateral surfaces of carapace sometimes granulate or 
even tuberculate, in contrast to its smoothness in 
male. Vertical lateral margins stronger, the beads 
usually larger. Carapace regions less well marked; 
pile, when present, stronger in female, sometimes 
present in female only. Eyebrow usually wider; teeth 
on floor of orbit when present more numerous and 

more regular, sometimes present in female only; sub
orbital crenellations sometimes larger and more ex
tensive; setae sometimes thicker and more widely 
distributed in suborbital, pterygostomian, and ad
jacent lateral regions. Both chelipeds very small, 
closely similar to minor cheliped of male, although 
sometimes with distinctions among gape teeth and in 
ridging of carpus and dactyl. Meri of ambulatories 
broader, their marginal serrations or tubercles well 
developed, larger than in male; posterior spinules, 
tubercles, or tuberculate striae always stronger; car
pus and dorsal manus often rougher, the ridges being 
stronger, or distinguishable where wholly absent in 
male; any or all ambulatory segments more often 
pilous, sometimes densely so. 

Gonopore. Often in a depression; with or without an 
elevated rim, either simple or sculptured and sur
rounding the pore either wholly or in part; with or 
without one or more tubercles, simple or sculptured, 
adjoining it. This characteristic is highly subject to 
differentiation among subspecies but relatively stable 
within populations. Spermatophores sometimes dis
tort the gonopore's appearance and can be difficult 
to distinguish from a possible tubercle on the margin. 

Size 

Small to moderate, in comparison with crabs of other 
groups, the apparent size always increased by dis
proportionate growth of major cheliped. Carapace 
length of smallest known male that is apparently 
adult: 4.5 mm, propodus 11 mm, in {Celuca) batu-
enta; measurements of the largest: (Uca) maracoani 
insignis with carapace length 31.5 mm, propodus 94 
mm; (Afruca) tangeri length 33 mm, propodus 105 
mm. Females usually smaller than males, about equal 
in some species but never attaining greater lengths 
than their males. Size and growth in the genus are 
discussed on p. 449. 

Color 

Color changes before waving display, sometimes to 
polished white, are prevalent among males in several 
subgenera. Red or orange tints or tones are frequent 
and persistent on major chelipeds. These and all 
other color families occur in the genus on carapace 
and ambulatories, very roughly in species-specific 
patterns but with wide variation within and among 
populations. The general discussion of color begins 
on p. 466. 

S O C I A L B E H A V I O R 

Visual display involving conspicuous motions of the 
major cheliped is known to occur in all species that 
have been sufficiently observed; similar behavior may 
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be presumed for the few species that are either un
known in life or have not been observed during dis
play. Stridulation is also a genus characteristic, al
though far less is known about it; usually sound 
production is employed principally if not exclusively 
in agonistic situations, but some species certainly 
have incorporated one or more of its components 
into their courtship patterns. Territoriality that cen
ters closely around an intertidal burrow is well de
veloped. Intermale combat is not only prevalent 
throughout the genus, as has long been known, but 
has recently proved to be highly ritualized and to 
consist of a variety of components employing numer
ous special structures of the major cheliped. In some 
species chimneys, pillars, or semi-domes are erected 
beside the burrows, made of substrate; at present 
little is known of their functions. Social behavior is 
described and discussed in Part Two, Chapters 5 
and 6. 

R A N G E 

Uca is known from all continents except Antarctica. 
Its most northern limits are about 34° N in Japan 
and 42° N on the northern shore of Cape Cod in the 
United States. The most southern records are about 
32° in South Africa and Australia, and about 35° 
in Uruguay. Details are given in Part Two, Chapter 
1, in Tables 7, 8, and 9, and on Map 1. 

BlOTOPES 

All Uca are intertidal, but their burrows are not nec
essarily either covered by the water or exposed every 
day. Substrates range from mud to sand with a mini
mum of silt. Mangroves or other forms of vegetation 
are usually close, although no Uca occur regularly in 
deep or constant shade. Preferred salinities range 
from fully marine to practically, or temporarily, 
fresh; tolerance to change is high. Chapter 2 in Part 
Two, Table 10, and Figs. 21-23 give further infor
mation. 

R E L A T I O N S H I P S 

Although more closely related to Ocypode than to 
any other genus in the family, Uca is somewhat less 
well adapted to withstand desiccation, while no fid
dler has developed the capacity for speed that char
acterizes the racing crabs. On the other hand the 
complexity and diversity of social patterns developed 
in Uca, along with the accompanying morphological 
specializations, are not approached by those of Ocy
pode. Fig. 57 illustrates examples of the gonopods in 
other genera of ocypodids for comparison with those 
of Uca; Fig. 33 shows the form of the maxillipeds in 
Ocypode, and Figs. 76, 77, and 81 the gills in Mac-

rophthalmus and Ocypode. Resemblances to the cor
responding organs in some of the species of Uca are 
apparent. 

In the present study, Uca is divided into nine sub
genera. This arrangement continues the work started 
by Bott in 1954, when he erected two subgenera be
tween which he distributed a group of species from 
the eastern Pacific. His nominative subgenus, Uca, 
was based on those American species characterized 
by extremely narrow fronts. For his other subgenus, 
Minuca, he selected as the type-species Uca mordax, 
which is characterized by a front exceptionally wide. 
In the descriptions that follow, Bott's conception of 
the subgenus Uca remains unchanged. The species he 
placed in Minuca, however, are here distributed 
among three other subgenera: Minuca Bott, Bobo-
ruca subgen. no v., and Celuca, subgen no v. These 
four subgenera include all American forms. In one 
of the subgenera, Celuca, are placed in addition two 
Indo-Pacific species. Of the five remaining sub
genera, all new, one is erected for an eastern Atlantic 
species; the other four are confined to the Indo-
Pacific. 

The apparent relationships are indicated in the 
dendrogram of the subgenera (Fig. 96) ; the princi
pal distinctions on which they are based are summa
rized in Table 1. 

The subgenus Deltuca is considered the least spe
cialized among the nine; in general, members of this 
subgenus depend more on continuously damp sub
strates than most other species; they are relatively 
inactive and devote little time to social behavior; 
waving displays are simple and mating uncompli
cated, always taking place on the surface. Morpho
logically these characteristics are reflected in rela
tively flat carapaces and only moderate diversity and 
specialization in armature for both stridulation and 
combat. 

The second subgenus, Australuca, appears to be 
very close to Deltuca; it differs principally in its 
slightly stronger armature and tube-tipped gonopods 
in all species; similar gonopods appear fully formed 
in only one species of Deltuca. Waving displays and 
mating activities in Australuca show a slight trend 
toward the greater energy, higher reach, lateral di
rection, and underground mating developed in 
greater degrees by other subgenera. These species 
have also adapted to a wider range of habitats than 
have those in Deltuca. 

In both morphology and behavior Thalassuca ap
pears closer to Deltuca than to other subgenera, par
ticularly than to the specialized Minuca and Celuca 
of America. This close affinity is shown especially 
in the shape of the front, gonopods, armature, basic 
waving display, and mating behavior. Its intermedi
ate position is indicated by details of armature on the 
ambulatories and, in the waving display, by the more 
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frequent occurrence, duration, and occasional trend 
toward laterality. The basic affinities with the non-
Indo-Pacific groups seem to be chiefly with Afruca 
and Uca, although in the cheliped armature there are 
resemblances to that of Minuca. These apparent 
relationships are indicated on the dendrogram by the 
directions of the lines emerging from the base of 
Thalassuca's branch. 

The fourth subgenus, Amphiuca, occupies a 
median position between the three Indo-Pacific 
groups listed above and the five remaining groups 
that appear to have evolved in the eastern Pacific 
and the Atlantic. The shape of the front in Amphi
uca is basically that of a broad-fronted American 
Uca, as is the lack of long grooves on the major 
chela; yet details of the palmar armature are those 
of Indo-Pacific groups; the armature of the ambula
tories is intermediate. The form of the gill on the 
3rd maxilliped resembles especially that of Afruca. 
The waving display is almost a perfect intermediate 
between the flexed vertical waves of Deltuca and the 
unflexed, more spacious motions of New World spe
cies, yet the low level of social activity usually rivals 
that of Deltuca. The dendrogram indicates Amphi
uca'?, intermediate position; no base lines are di
rected toward other subgenera, except for a short 
one aimed toward Deltuca. 

The fifth subgenus, Boboruca, is erected for the 
American species thayeri, which like Amphiuca oc
cupies an intermediate position. The shape of its 
front and the armature of its ambulatories are essen
tially characteristic of Minuca and Celuca, but some 
of the armature on the major cheliped resembles that 
of Deltuca. Its lethargy and the form of its waving 
display are also similar to those characteristics in the 
Indo-Pacific subgenera. Its closest affinities must re
main inconclusive, as indicated on the dendrogram. 

The sixth and seventh subgenera, Afruca and Uca, 
appear more closely related than any others previ
ously characterized, and hence are shown arising 
from a common stem. In spite of different fronts, 
which are moderately narrow in the eastern Atlantic 
Afruca and extremely narrow in the American Uca, 
a number of distinctions are held in common, rang
ing from details of the setae on the 2nd maxillipeds 
and the armature of the major cheliped to compo
nents of social behavior. Their affinities, more clearly 
than in most subgenera, are with the Indo-Pacific 
Thalassuca, as shown especially in the shape of the 
chelipeds in some of the species and in the general 
form of the gill on the third maxilliped; in addition, 
Afruca has a waving display closely similar to those 
of several species of Minuca. 

The last two subgenera, Minuca and Celuca, like 
Afruca and Uca, have more in common with each 
other than with any of the other groups. Some species 
in each are better adapted to a semi-terrestrial life, 

are more active, and have a more varied social reper
tory than any of the other groups. The two sub
genera share similar forms of front and complex 
details of armature. Nevertheless they differ signifi
cantly from each other. Minuca adapts to a semi-
terrestrial way of life in a manner different from that 
of Celuca. Most Celuca have thick bodies and some
times a highly reflectant display coloration, which 
probably helps both in withstanding heat and avoid
ing desiccation. Minuca, on the other hand, while its 
species also leave the low-tide areas of marine 
shores, have specialized by adapting to conditions 
found in brackish swamps; when these dry out the 
crabs aestivate underground; long periods of inactiv
ity, sometimes extending to weeks or months, are the 
rule in this group. In contrast most Celuca have to 
aestivate, if at all, only during semi-monthly neap 
tides. When Minuca become socially active, how
ever, they are extremely so, waving daily for long 
periods, unlike species in Deltuca and related sub
genera, where waving is sporadic. In brief, in adapta
tion to a definitely littoral life and in social activity, 
Minuca is closer to Celuca than to any other sub
genus; when social activity alone is concerned, how
ever, it is rivaled by both Afruca and Uca. On the 
dendrogram lines from the base of the Minuca 
branch are also directed toward Deltuca and Thalas
suca, in order to emphasize distant affinities with 
these Indo-Pacific stocks, as shown particularly in 
the gonopod shapes of some of the species of 
Minuca. 

When the morphological and behavioral speciali
zations of Celuca are viewed as a whole, its pre
eminent position is clear. Unquestionably it repre
sents the apex of the evolution of the genus. This 
culmination shows in its adaptations to a semi-ter
restrial life of high activity; it shows with equal clar
ity in the structural and functional specializations 
connected with social patterns at once complex and 
sustained. 

Its adaptations toward drier and less muddy bio-
topes include the trend toward broad, semi-cylindri
cal carapaces, and toward gaping small chelae that 
effectively hold scoops of more solid substrate. In 
both these particulars a number of Celuca contrast 
with most other species in the entire genus; the un
common exceptions—adapted for aestivation, hiber
nation, or sandier substrates—never reach the mor
phological extremes found in Celuca. 

Associated with longer periods in the air is the in
crease of time for social activities and associated 
elaboration of structure and function. These take the 
form of high diversity of armature used in sound 
production and combat, and of the development of 
non-ambivalent display components used only dur
ing courtship. In the elaboration of acoustic equip
ment the most obvious examples are the high devel-
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opment of suborbital crenellations and of stridulating 
mechanisms on the major palm and first leg. Some 
species of Celuca also, unlike those in other sub
genera, incorporate acoustic elements wholly into the 
fabric of waving display. Finally, in this subgenus 
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I. DELTUCA SUBGEN. NOV. 

Typus: Gelasimus jorcipatus Adams & White, 1848 

(Indo-Pacific: East Africa to Fiji; Japan to Western Australia) 

PLATES 1-9. 

GONOPOD DRAWINGS: FIGURES 61, 62 (part). 
DENDROGRAMS: FIGURES 96, 98. 
MAPS 2, 18, 19. 
TABLES 1, 8, 10, 12, 14, 19, 20. 

MORPHOLOGY 

Diagnosis 

Uca with front narrow, antero-lateral margins short 
to absent, eyestalks slender, postero-lateral striae ab
sent at least in males. Major manus outside rough 
with tubercles that are usually largest near pollex 
base; oblique ridge on palm never continued upward 
around carpal cavity; longitudinal grooves along out
side of both pollex and major dactyl. Postero-dorsal 
surface of ambulatory meri with simple tubercles, 
not with tuberculate striae vertically arranged. Gill 
on 3rd maxilliped small, without books. Females 
with rare exceptions have a pair of enlarged teeth 
in gape of at least one chela. 

Description 

MALE 

Carapace. Front narrow, narrowest between eyestalk 
bases, its minimum breadth subequal to, rarely 1.5 
times, basal breadth of erected eyestalk. Central area 
of front between raised margins is a groove narrow 
to broad, its margins parallel or subparallel. Orbits 
straight to strongly oblique; antero-lateral angles al
ways acute, often produced, especially on major side; 
antero-lateral margins lacking or short, except in 
arcuata, usually finely serrate or beaded; dorso
lateral margins distinctly marked, except in dussu-
mieri, by raised lines which are strongly diverging, 
except in arcuata; this margin usually anteriorly 
spinulate and posteriorly beaded, or beaded through
out. Postero-lateral striae absent. Vertical lateral 
margin usually not reaching antero-lateral margin, 
usually beaded. Carapace profile in lateral view little 
arched, except in arcuata. Suborbital region practi
cally or wholly naked. Pterygostomian region little 
convex, moderately rugose; strongly setose. 

Eyebrows moderate to short, narrow and, except 
in arcuata, vertical; one or both margins serrate, fine
ly granulate or beaded. Orbit with lower margin 

rolled more or less outward, somewhat sinuous, with 
or without tubercles, granules, a blunt ridge or 
mound on its floor; suborbital margin practically en
tire, the crenellations absent toward inner angle and 
otherwise feeble except, sometimes, for enlargement 
near outer angle. This angle, along with outer edge 
of orbital floor and lower, outer margin of the antero
lateral angle, makes a continuous angle, obtuse or 
acute; part of its sharp margins are sometimes micro
scopically serrate but never toothed or crenellate. 
Eyestalks very slender in middle sections, the eyes in 
life clearly of larger diameter than the stalks, some
times notably so even in preservative. 

Second Maxilliped. Spoon-tipped hairs, few to mod
erate in numbers. 

Third Maxilliped. Ischium with central portion al
most flat; no median groove but a slight central de
pression subdistally; setae short, sparse. Gill small to 
vestigial, the books never distinct. 

Major Cheliped. Merus with postero-dorsal margin 
well defined throughout in smaller specimens; in 
larger individuals margin is rounded at least distally, 
except in some demani; a conspicuous crest or large 
tooth never present on antero-dorsal margin; dorsal 
surface always smooth, slightly concave. 

Carpus with dorsal surface flat, coarsely tubercu
late, its anterior margin armed proximally with one 
to several enlarged tubercles; posterior surface slight
ly convex, smooth or sparsely rugose. 

Manus: Outer surface covered with coarse tuber
cles, those near base of pollex largest; heel not nota
bly convex; upper margin of manus strongly bent 
over toward inside, marked by a low ridge which is 
more or less flattened, bounded externally by a sub-
marginal groove and, above and adjacent to the 
groove, by at least 2 rows of tubercles which are most 
numerous, and usually largest, distally near base of 
dactyl. No smooth, shallow triangular depression on 
lower distal outer manus, near pollex base, although 
a small tuberculate pit is sometimes present at begin-
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ning of the long pollex furrow (see below). Lower 
margin of manus with a distinct carina, marked by 
one row of tubercles, ending on proximal part of 
pollex. 

Palm with carpal cavity extending distally almost 
to upper part of dactyl base, although diminishing 
in breadth and depth; no beaded margin around cav
ity's upper distal part; oblique ridge always present, 
always tuberculate, extending from near distal part 
of carpal cavity's lower margin obliquely down to 
ventral margin at pollex base; no tubercles ever con
tinue upward around anterior margin of carpal cav
ity. Tuberculate ridges at base of gape and dactyl 
highly variable intraspecifically and in large speci
mens sometimes vestigial. Tubercles of lower part of 
proximal ridge, however, practically always strong. 
Center of palm strongly convex with or without dis
tinct tubercles. Lower distal part of palm with a deep 
depression, trifid, its distal arm longest and encroach
ing on pollex base, its dorsally directed arm shortest. 

Pollex and dactyl each with a long furrow exter
nally, running along middle of side throughout most 
of its length; the pollex furrow in several species is 
indistinct in some individuals; sometimes a 2nd, short 
pollex furrow is present proximally, below it. Dactyl 
usually with a 2nd furrow traceable subdorsally, 
usually short, near dactyl base only; in several species 
it continues to parallel the median furrow distinctly 
throughout most of its length. Proximal part of dac
tyl dorsally tuberculate. Both pollex and dactyl al
ways subequal, usually almost straight, the dactyl 
never arching well beyond and below a contrastingly 
straight pollex; extreme tip of each simple, tapering, 
that of pollex directed up, that of dactyl, down. Gape 
and gape teeth various and variable, but the 3 basic 
rows of teeth are usually traceable proximally on pol
lex, those of center row being often reduced in num
ber but enlarged; supplementary rows sometimes 
present; on distal half of pollex the median row 
usually clearly continues, while on distal part of dac
tyl the inner row so continues. In both pollex and 
dactyl enlarged subdistal teeth often combine with 
distal inner concavities to form a forceps-like tip to 
chela; sometimes only dactyl thus equipped. Outer 
distal part of pollex sometimes with a submarginal 
carina. 

Minor Cheliped. Merus with dorsal and postero-
ventral margins serrate, tuberculate or spinulate; 
antero-ventral margin smooth and rounded; postero-
dorsal surface with scattered spinules; anterior and 
ventral surfaces smooth; dorso-distal margin either 
with slight irregularities, or a series of denticles. Car
pus with subdorsal ridge absent or faintly represented 
by minute bumps, pits or both. Mano-pollex ridge 
short, never starting proximal to middle half of 
manus, often ending in proximal half of pollex. Dac

tyl sometimes with a faint, broad, longitudinal ridge, 
rarely also with a shallow groove and faint second 
ridge above it; dactyl longer than manus, gape mod
erate to narrow, its edges finely and evenly serrate. 
Upper palmar setae in a close-set row or, rarely, in a 
tuft. 

Ambulatories. Meri expanded, sometimes conspicu
ously, except 4th leg of dussumieri. Armature weak 
throughout subgenus, best developed on 2nd and 3rd 
legs. Merus with dorsal row of serrations largest; sub-
distal transverse row rudimentary; serrations on 
dorso-distal margin distinct; antero-ventral ridge 
strongest proximally, sometimes absent on 1st leg; 
antero-ventral serrations, if any, chiefly distal, often 
separated; postero-ventral ridge present only in dis
tal three-quarters or less, strongest distally; serrations 
small, often absent, on 4th leg; posterior surface with 
scattered spinules, not tuberculate striae, on 1st, 2nd 
and 3rd legs; sometimes almost absent. Carpus with 
dorsal ridges present but often weak, with or without 
intervening rugosities; ridge on posterior carpus of 
2nd and 3rd legs present or absent. Manus with 
ridges similar to those of carpus but weaker. 

Gonopod. Various. 

FEMALE 

With the characteristics of females in the genus 
(p. 17). However, unlike females in some other sub
genera, only in acuta is the carapace clearly more 
arched than in males; in all the suborbital crenella-
tions are not larger and more extensive; setae are 
never thicker or more widely distributed on sub
orbital, pterygostomian, and adjacent lateral regions, 
except for several species in which a few setae are 
scattered on floor of orbit and below suborbital 
crenellations, these areas being naked in males. 

The principal characteristics, in comparison with 
Deltuca males, are as follows: 

Carapace. Granulate, the roughness extending part
way over postero-lateral regions. In the position of 
postero-lateral striae in other subgenera (below and 
behind end of dorso-lateral margin) one or more 
tubercles are present in most species; these are ar
ranged either in a cluster or in a vertical or horizon
tal line of granules, which do not arise from a raised 
line (stria). 

Cheliped. Merus more expanded, its marginal and 
posterior armature stronger. No subdorsal ridge, such 
as is sometimes present in males, on outer carpus. 
Ridge on outer dactyl distinguishable more often 
than in male. Gape proximally sometimes slightly 
wider; often with 2 enlarged teeth, one near middle 
of pollex, the other opposing it on dactyl; in the same 
population these teeth may be altogether absent, or 
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present on one or both sides. Other teeth in gape 
always small; except in acuta they are minute or ab
sent proximal to enlarged teeth. 

Ambulatories. Merus of at least 4th leg in two spe
cies with felt-like pile usually bordering at least 
postero-ventral margins. In addition to the stronger 
marginal and posterior armature on all meri charac
teristic of Uca females, in Deltuca a posterior sub
dorsal row of spinules or small tubercles is conspic
uous, especially on 2nd and 3rd legs; in addition, a 
curved row of postero-dorsal subdistal spinules is 
pronounced in females, plus the usual series of 
minute denticles or irregularities found on the distal 
margin in both sexes. Carpus with posterior tubercu-
late ridge strongly developed at least on 2nd leg, 
usually also on 3rd; these ridges are far less subject 
to variation within populations and on the two sides 
of individuals than in males. 

Size 
Moderate to large. 

Color 

Display lightening absent. In fact, in contrast to their 
occasional brilliant white or yellow in some other 
subgenera, mature Deltuca males are often darker 
and duller than the females or young, tending to lack 
both bright colors and striking markings. In all only 
the lower distal part of the outer major manus is al
ways distinctively colored, usually in contrast to ad
jacent regions; it ranges from purplish, red, or orange 
to ochraceous or yellow brown, while at least the tips 
of the chela are pale, usually clear white. An excep
tion to the prevailing dullness of males is urvillei, the 
blue carapace of which is brightest in displaying 
individuals. 

In contrast to these larger males, juvenile Deltuca 
of both sexes and sometimes mature females are both 
more contrastingly marked and vividly colored; white 
or bright blue spots occur in several species on a 
dark carapace and on the legs, especially the meri 
of the last pair; in several species red or yellow bands 
sometimes cross the carapace anteriorly, while red, 
yellow, blue, or white at times marks the orbits and 
other regions of the anterior aspect of the carapace, 
the maxillipeds, minor chelipeds in both sexes, and 
anterior face of the major merus; the ambulatories 
are sometimes solidly blue or red. 

Several species have color peculiarities that are of 
diagnostic value in the field. In both sexes the adults 
of rosea are peculiarly translucent, its carapace and 
appendages variously pearly gray to deep rose. In 
d. demani the general hue is also characteristic; it is 
the only Indo-Pacific form, except for some popula
tions of chlorophthalmus, in which the pervading hue 

is dark crimson or purplish red; the remaining cara
pace reds all have a scarlet or orange red cast. In the 
Singapore and Sarawak areas, at least, it is possible 
promptly to distinguish dussumieri from forcipata 
by color alone; the dussumieri, except for large 
males, always show some markings of bright blue; 
the spot on the lower outer major manus of males 
is ochraceous yellow or brownish; in contrast, forci
pata shows scarlet markings except in large males, 
which are distinguished by a distinct purplish patch 
on the outer manus; in addition, in forcipata (and 
rarely in its allopatric, coarctata) the eyestalks are 
sometimes vivid scarlet, a hue which in Singapore 
and Sarawak extends even to the globular eyes. 

Post-megalopal stages, where known, are brilliant, 
solid colors—white, yellow, yellow with orange legs, 
scarlet, or blue. 

SOCIAL BEHAVIOR 

Waving display is less developed than in any other 
subgenus. In several species it consists only of a low, 
vertical, up-and-down motion (waving component 
1), with no specializations except for the occasional 
grouping of waves into a series. In several other spe
cies there is a tendency to semi-oblique waves (com
ponent 3) , the claw being directed slightly outward 
at a narrowly acute angle to the front of the body. 
Except in demani, the upper margin of the dactyl 
reaches scarcely or not at all above the tips of the 
eyes. Again with the exception of demani, the cara
pace is raised on the legs little or not at all. When 
the waves are in series, the crab often makes several 
waves of small or diminishing amplitude in quick 
succession. Sometimes the cheliped is raised in a 
series of upward jerks (component 2 ) ; the jerking 
waves are usually confined to displays of high inten
sity and are often interspersed with non-jerking 
waves that reach even a lower level. Except for the 
development of jerks, high intensity specializations 
of the wave itself are absent, including lateral dis
plays of all kinds. Except again for demani, even leg-
stretches (component 10), among the motions often 
associated with waving in the genus, are rare or ab
sent. Display is sporadic and largely unpredictable 
in most species; it often occurs while the crabs are 
moving about, sometimes away from their burrows. 

In no species is mating always or even usually pre
ceded by waving, although no crabs have been seen 
to copulate that were not waving during the same 
period of low tide. The male, with or without dis
play, approaches the female and copulates close to 
her burrow, after stroking her carapace as usual with 
his ambulatories before turning her into position. 
Tapping with the ambulatories and plucking motions 
with the minor cheliped have been observed less 
often. 
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Chimneys sometimes surround the burrows in 
about half the species in the subgenus, including all 
those in the superspecies coarctata. Most construc
tion in some seems to be by mature females; in others 
chimneys seem to characterize, instead, juveniles of 
both sexes. In no observed population were they 
numerous. 

The study of acoustic behavior and combat in this 
subgenus has scarcely begun. The presumably acous
tic components so far observed on the surface and 
performed by single crabs are the major-merus-
rub, minor-merus-rub, leg-wag, major-merus-drum, 
major-manus-drum, and leg-stamp (acoustic com
ponents 1, 2, 5, 7, 9, 11). Tape recordings resulting 
from the introduction of an intruder into a burrow 
have been secured in 2 species. Filmed components 
of ritualized combat include only the manus-rub, 
dactyl-slide, and heel-and-hollow (components 1,6, 
11). 

R E L A T I O N S H I P S 

Comparisons with other groups will be found on p. 
18 in connection with the discussion of the sub-
generic dendrogram; bases for superspecies are given 
on p. 10. Within the subgenus the members of the 
superspecies acuta appear, at least in the simplicity 

of their waving displays and low development of 
social activity, to be less specialized than the other 
species. In ability to withstand desiccation and in 
form and prevalence of waving activity, demani is 
clearly slightly in advance of the rest of the sub
genus, although without outstanding morphological 
characteristics. On the other hand, the members of 
the superspecies coarctata show an almost perfect 
progression in gonopod structure; these organs range 
from the basic ocypodid form, showing large flanges 
and a prominent inner process, to the fiangeless, pro
jecting tube of urvillei which occurs in 3 other sub
genera; none of the other morphological characters 
and waving displays in this superspecies show such 
progressive specialization, although the northern spe
cies, arcuata, has developed the increased depth 
characteristic of forms exposed to desiccation during 
hibernation. 

NAME 

Deltuca: From the Greek capital letter, delta, with 
its successive derivations of triangle and river delta. 
The proposed name, therefore, signifies "fiddlers of 
the delta," in reference to the usual habitat of all 
these species of Uca. 
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1. UCA (DELTUCA) [ACUTA] ACUTA (STIMPSON, 1858) 

(Central Indo-Pacific) 

PLATE 1. MAP 2. 
FIGURES 61 A, B; 90 A, B; 98. TABLES 8, 10, 12, 19, 20. 

INTRODUCTION 

A northern and a southern form are here viewed as 
subspecies of Uca acuta; one ranges along the coast 
of China, while the other is known from Singapore 
and Borneo. Both are mud-livers found near river 
mouths on banks and flats. Males of some popula
tions in both subspecies have the major manus red, 
while the carapace in both sexes of the southern form 
is strikingly reticulated with yellow and black. This 
form, a. rhizophorae, is also distinguished by having 
the simplest waving display known in the genus. The 
entire performance consists only of fast, slight lifts 
of the flexed cheliped, repeated in series and never 
reaching above the eye. 

The southern form was rare near Singapore, its 
northern limit, according to both Tweedie's experi
ence and my own. In contrast, it was the dominant 
ocypodid near the mouth of the Kuching River, Sara
wak, where the small crabs covered some of the 
muddy banks and adjacent flats by the thousand. 
Farther upriver they were replaced by U. forcipata, 
there being a wide area of intermingling. 

The new material here referred to acuta acuta was 
all collected in Hong Kong, not far from Macao, 
the type locality for Stimpson's Gelasimus acutus. 
From a distance these fiddlers resemble young arcu-
ata, having similar dark carapaces and red claws. 
Stimpson's types of acutus were unfortunately among 
those lost in the Chicago fire, along with others from 
the region. The consequent confusion has been strik
ing, even in a group notable for its taxonomic uncer
tainties. Specimens I have examined which were 
published under the name of acutus, all taken farther 
to the south and west, proved to be principally rosea 
and forcipata. On the other hand, specimens from 
China, clearly belonging to the same species as the 
present examples from Hong Kong, are labeled vari
ously demani, arcuata, and manii. 

MORPHOLOGY 

Diagnosis 

A single, long groove running laterally almost entire 
length of major dactyl, the subdorsal groove being 
short; chela tip forceps-like, because of an opposable 

series of enlarged tubercles, but not strikingly so. 
Gonopod with anterior flange large, posterior rudi
mentary; inner process minute, scarcely reaching 
base of flange. Floor of orbit without tubercles, al
though occasionally with a few, minute, irregular 
granules and always with a prominent blunt ridge or 
mound on inner third. Carapace with fronto-orbital 
margin only slightly oblique, almost straight in com
parison with that of rosea; antero-lateral margins 
well developed. 

Description 

With the characteristics of the subgenus Deltuca (p. 
21). 

MALE 

Carapace. Frontal groove wide or narrow, its sides 
parallel or slightly convergent. Fronto-orbital mar
gins slightly oblique; antero-lateral angles acute to 
varying degrees, moderately produced; antero-lateral 
margins short but definite, finely or not at all serrate, 
moderately converging, then turning sharply to form 
strongly converging dorso-lateral margins which are 
beaded or smooth. Vertical lateral margin extending 
almost to dorsal surface, beaded throughout except, 
in some individuals, in upper portion. Eyebrow trace
able through more than half of orbit; upper margin 
strong, and either finely beaded or smooth; lower 
margin indistinct, granulate. Suborbital margin less 
sinuous than usual in Deltuca; crenellations present 
on outer half of orbit only, separate, broad and spatu-
late, not continuing externally beyond angle. Tuber
cles on floor of orbit absent or, rarely, barely trace
able as irregular fine granules; a blunt ridge or 
mound running up to one-third width of orbit on its 
floor, at inner side behind margin. 

Major Cheliped. Merus with a row of tubercles, 
slightly enlarged distally on antero-dorsal margin; 
distally with one or two short, irregular rows of 
tubercles on anterior surface; latter surface with 
other small tubercles, especially near ventral margin, 
variable in distribution and size; ventral row of tuber
cles single or compound. Tubercles of outer manus 
relatively small compared with other Deltuca, nota-
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bly large only near pollex base; smaller tubercles 
extending proximally onto pollex and dactyl. Inner 
surface of palm between ridges covered with small, 
low tubercles. Depression at pollex base a longitudi
nal trench rather than clearly trifid. Outer side of dac
tyl with subdorsal groove short, lined with tubercles. 

In gape, a median pollex tooth and several proxi
mal teeth on dactyl usually enlarged in brachyche-
lous individuals; subdistally the edges of dactyl and 
pollex become suddenly closely apposed, the margins 
being straight, not concave; they are furnished with 
corresponding series of slightly enlarged teeth, the 
most proximal pair in the group largest, giving a dis
tal forceps-like formation which is distinct but not 
extreme. Outer distal pollex without submarginal 
carina. 

Minor Cheliped. Merus with serrations of dorsal 
margin well separated, those of postero-ventral less 
so. Carpal and dactyl ridges present or absent. 

Ambulatories. Merus: Antero-ventral ridge on 1st 
leg absent proximally, represented distally by sepa
rated fine serrations; corresponding serrations on 
2nd, 3rd, and 4th legs weak or moderate. Carpus: 
Dorsal ridges weak or moderate; posterior ridges 
present or absent. 

Gonopod. Inner process small, scarcely projecting 
onto horny surface of flange base; anterior flange 
large, curving moderately forward, its breadth great
er than diameter of pore; posterior flange very small; 
thumb short, subdistal, barely reaching base of 
flange. 

FEMALE 

Gonopore externally with a raised rim. 

Measurements (in mm) 
Length Breadth Propodus Dactyl 

U. acuta rhizophorae 
(Singapore) 
Largest male 
Moderate male 
Larger female 

(ovigerous) 
Smaller female 

(ovigerous) 
U. acuta acuta 
Largest male (Amoy) 
Neotype (Hong Kong) 
Female (Hong Kong) 

11.0 
10.0 

9.0 

8.5 

12.0 
9.0 
8.5 

19.0 
16.0 

14.0 

14.0 

22.0 
16.0 
15.0 

36.0 
26.0 

-

-

34.0 
22.5 

26.0 
20.0 

-

-

23.0 
13.5 

Morphological Comparison and Comment 

U. acuta differs from all other Indo-Pacific narrow-
fronts except urvillei in the minute size of the gono-
pod's inner process; from its closest relation, rosea, 

as well as from dussumieri in having one, not two, 
long lateral furrows on major dactyl; from demani, 
coarctata, and urvillei by the absence of a row of 
tubercles on orbit's floor; from arcuata in the combi
nation of a large anterior with a minute posterior 
flange on gonopod and in the much smaller size of 
adults, young arcuata having typically short fingers 
on the major cheliped; from forcipata and coarctata 
by the well-developed flanges on gonopod; from nar
row-fronted crabs of other subgenera in having long 
grooves on both dactyl and pollex. Armature is 
weaker than in rosea. 

The subspecies acuta rhizophorae stands out 
among its sympatric associates through a combina
tion of its small size, reticulated carapace, and slen
der claw, with a series of slightly enlarged predistal 
teeth, diminishing in size, in both pollex and dactyl. 

U. acuta acuta differs from its sometimes close 
sympatric, young arcuata, as follows. First, the gono-
pod's anterior, not posterior, flange is large even in 
young specimens, while the posterior flange is vir
tually absent. Second, the ventral margin of the 4th 
merus is almost straight, especially in the distal half, 
not distinctly convex as in arcuata. Third, the manus 
is more slender and the fingers do not have the juve
nile shortness of arcuata of similar size. From dus
sumieri, the 3rd and last species of Deltuca now 
thought to occur in north China, a. acuta differs in 
having only one, not two, distinct long grooves on 
the dactyl, as well as in the obvious differences in the 
gonopod, and in the broad ambulatory meri. Large, 
leptochelous examples show a slight tendency for the 
subdorsal groove on the dactyl to extend in extreme
ly shallow, shadowy form more distally, always just 
below the dorsal margin; in each of these examples 
the series of enlarged subdistal tubercles of both dac
tyl and pollex remain in the otherwise edentulous 
gape; the resemblance to a forceps is therefore far 
more striking, as in many a. rhizophorae, than in the 
brachychelous examples, which are always well pro
vided with gape tubercles throughout; these opposed 
subdistal tubercles serve as a convenient key for 
avoiding preliminary confusion of a. acuta with dus
sumieri in specimens with the trace of a second dac
tyl groove described above. 

Color 

Display lightening absent; carapace sometimes con
spicuously marbled with light and dark; major manus 
white to red. 

S O C I A L B E H A V I O R 

Information on waving display, precopulatory be
havior, and acoustic behavior is available for a. rhizo
phorae only (p. 27). 
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RANGE 

Singapore, northwest Borneo, and coast of mainland 
China north to Fu-chou [Foochow]. No records be
tween Borneo and Hong Kong. 

BlOTOPES 

Muddy banks, both steep and shelving, near mouths 
of streams and rivers; also on protected flats in 
deltas; always near vegetation. (Biotopes 12, 13.) 

S Y M P A T R I C A S S O C I A T E S 

In the tropics its usual associates are forcipata and, 
especially, dussumieri. In Hong Kong it occurs sym-
patrically with young arcuata. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 592.) 

Observations and Collections. Singapore, Sarawak: 
near Santobong. Hong Kong. 

Film. Singapore. 

T Y P E M A T E R I A L A N D R E F E R E N C E 

Uca acuta acuta (Stimpson, 1858) 

Stimpson's type of Gelasimus acutus is not extant. 
Type-locality: Macao. 

The present material from Hong Kong is referred 
to this species, and one of the series selected as a 
neotype, for the following reasons. The virtually 
straight sides of the front are notable, as is the mound 
on the floor of the orbit, these characters being the 
most distinctive mentioned in the type description 
(Stimpson 1858, 1907). The rather short dactyl of 
the holotype is in agreement with its small size. To 
Stimpson, unacquainted with a wide variety of Indo-
Pacific Deltuca, the moderately produced antero
lateral angles and moderately converging sides or 
dorso-lateral margins, or both, appeared extreme, as 
described; so they are in comparison with those of 
vocans, chlorophthalmus, and lactea, the species 
familiar to him. The proximity of Hong Kong to 
Macao, the type-locality, prompted the selection of 
the neotype from Hong Kong material. 

NEOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Cat. no. 
137665. Hong Kong: Kowloon (Castle Peak area). 
Male. Measurements on p. 26. 

Uca acuta rhizophorae Tweedie, 1950 

HOLOTYPE. Male. Sarawak, near Santobong. Length 
17.2 mm. Described as Uca rhizophorae. (BM !) 

Uca {Deltuca) [acuta] acuta 
rhizophorae Tweedie, 1950 

(Singapore and Sarawak) 

M O R P H O L O G Y 

With the characteristics of the species. 
Groove of front with sides convergent distally, 

narrower than in a. acuta. Suborbital granules alto
gether absent. Carapace sides little converging. Major 
cheliped with fingers tending toward leptochelous 
form and manus tubercles externally small for group. 
Armature in general weaker than in a. acuta. 

Color 

Carapace in both sexes dark, strikingly marbled with 
a paler tint, ranging from olive green to yellow or 
light brown, especially antero-dorsally. Major manus 
white in Singapore but bright orange red in large 
males in Sarawak; pollex brown, dactyl white in both 
localities. 

S O C I A L B E H A V I O R 

Waving Display 

Wave vertical, low, the dactyl tip maximally reach
ing distal end of eye; cheliped held obliquely at high
est reach, so that mano-carpal joint is much lower 
than tip of chela; cheliped not touching ground be
tween waves in a series. Jerks absent. Body scarcely 
or not at all raised. Walking frequent both during 
waving and between series. Waves very fast, at rate 
of 3 to 6 waves per second; in series of 4 to 7 waves; 
often 6 to 8 series with only several seconds' pause 
between. (Waving component: 1; timing elements: 
Table 19, p. 656.) 

Precopulatory Behavior and Copulation 

Three apparently complete copulations were seen on 
surface, close to female's burrow. One was preceded 
by waving during walking; the other two were pref
aced by no waving whatever, although both males 
had been waving some minutes earlier. Before each 
of the three males turned a female into position, he 
stroked and patted her carapace with his ambula
tories, but made no plucking motions. Several other 
approaches reached the stroking stage close to a fe
male's burrow but then broke off, as the female stiff
ened her ambulatories on one side and thrust them 
into the air in a typical legs-out (agonistic compo
nent 14). 
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Acoustic Behavior 

During field observations I believed the ground was 
forcefully touched at the end of each wave. Film 
analyses have since shown that the cheliped does not, 
in fact, touch the ground in any of the approximately 
20 waves, in both threat and courtship, where the 
point is clear. Leg-wagging was both observed in the 
field and filmed (component 5) . 

Uca (Deltuca) [acuta] acuta acuta 
(Stimpson, 1858) 
(Hong Kong north to Fu-chou [Foochow]) 

REFERENCES AND SYNONYMY 

Uca (Deltuca) acuta (Stimpson, 1858) 

TYPE DESCRIPTION. See under U. (D.) acuta acuta, 
below. 

Uca (Deltuca) acuta rhizophorae 

Tweedie, 1950 

Uca rhizophorae 

TYPE DESCRIPTION. Tweedie, 1950.1: 357; Fig. 7 
a-c. Borneo: Sarawak: "mangrove and nipah swamp 
by the river below Kuching near Santobong." (BM !) 

Tweedie, 1954: 118. (Distribution note only, 
type-locality.) 

Crane, 1957. Singapore; Sarawak. Preliminary 
classification of waving display. 

MORPHOLOGY 

With the characteristics of the species. 
Differs as follows from a. rhizophorae. Groove of 

front broader with sides parallel, not at all converg
ing distally; sides of carapace converging more; 
carapace slightly more arched, the regions less well 
defined. Suborbital granules detectable, although few 
are usually clear. Major cheliped with fingers tend
ing toward brachychelous, not leptochelous, form, 
although moderately leptochelous examples occur; 
tubercles on outer manus larger. Gonopod with tube 
and flanges slightly longer. Armature in general 
stronger than in a. rhizophorae. 

Color 

Non-displaying males: Major cheliped with at least 
manus bright red. (Observation casual.) 

Uca (Deltuca) acuta acuta (Stimpson, 1858) 

Gelasimus acutus 

TYPE DESCRIPTION. Stimpson, 1858: 99. Macao (off 
east coast of China). 

Stimpson, 1907: 105; PI. 14, Fig. 3. (Description 
of holotype, slightly expanded and in English.) 

Uca demani (not of Ortmann) 

Gee, 1925: 165 (part). China (Fukien): Amoy. 
(USNM!) 

Kellogg, 1928: 356. China (Fukien): Amoy. 
(USNM !) 

Uca arcuata (not Gelasimus arcuatus de Haan) 

Shen, 1937.2: 309 (part). China (Fukien): Amoy. 
(USNM ! and BM !) 
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2. UCA (DELTUCA) [ACUTA] ROSEA (TWEEDIE, 1937) 

(Tropical Indo-Pacific) 

PLATE 2 A-D. MAP 2. 
FIGURES 24 A-C; 25 A-C; 30 A, B; 32 ^-C; 35 A, B; TABLES 8, 10, 12, 19, 20. 

45 7-LL; 46 ^ ; 47 ^ , B; 48 A, B; 61 E; 98. 

INTRODUCTION 

On the western coast of Malaya this pinkish, fragile-
looking fiddler lives in sheltered mud close to man
groves. Its populations occur both near stream 
mouths and, in delta country, in drainage ditches; 
the water is probably almost always of low salinity, 
although subject to the usual wide range. At Penang 
a vigorous population occurred in close proximity to 
similarly thriving groups of jorcipata and triangu
laris. Its waving display, poorly known, is wholly 
vertical and includes jerks. 

Ranging around most of the Bay of Bengal, this 
species is undoubtedly the western form of acuta. 
In the older collections it was identified variously as 
acuta and manii (a name here synonymized with 
jorcipata). 

MORPHOLOGY 

Diagnosis 

Two grooves running almost entire length of major 
dactyl; chela tip forceps-like, because of an oppos
able series of enlarged tubercles. Gonopod with ante
rior and posterior flanges both broad; inner process 
broad, well developed. Floor of orbit without a 
mound, tubercles or granules. Orbits strongly 
oblique. Antero-lateral carapace margins absent, the 
angles acute and produced; dorso-lateral margins 
strongly converging. Meri of ambulatories much en
larged. 

Description 

With the characteristics of the subgenus Deltuca (p. 
21). 

MALE 

Carapace. Frontal groove wide, its sides subparallel. 
Fronto-orbital margins strongly oblique, antero
lateral angles strikingly produced and acute, scarcely 
directed forward; antero-lateral margins absent; 
dorso-lateral margins very strongly converging; mar
gins from the angle anteriorly finely serrate, poste
riorly beaded. Vertical lateral margin extending 

more than halfway to dorsal surface, beaded 
throughout. Cuticle notably thin, translucent, and 
fragile. Eyebrow traceable through more than half 
of orbit, both margins strong and tuberculate. No 
tubercles or granules on orbital floor, but a low, 
smooth, variable ridge distinguishable. Suborbital 
crenellations small throughout, separate only in outer 
half. 

Major Cheliped. Merus with tuberculate antero-
dorsal margin equipped distally with only several 
slightly enlarged, clustered tubercles, less developed 
than in any other species of Deltuca; ventral margin 
proximally with rugosities extending onto anterior 
surface; otherwise equipped with a single row of 
strong tubercles, starting anteriorly just beyond 
rugosities but continuing directly on margin. Tuber
cles on outer manus relatively small compared with 
most Deltuca but slightly larger than in acuta and 
demani; smaller tubercles extend variably far out on 
pollex and dactyl. Inner surface of palm between 
ridges covered with small, low granules. Depression 
at pollex base a longitudinal trench rather than clear
ly trifid. Outer side of dactyl with subdorsal groove 
long, paralleling lateral groove through about two-
thirds of dactyl's length. In gape a median tubercle 
usually enlarged near middle of both pollex and dac
tyl in brachychelous individuals; distal forceps-like 
formation distinct. Outer distal pollex without sub-
marginal carina. 

Minor Cheliped. Merus with dorsal and postero-
ventral margins serrate, the dorsal serrations sepa
rated. Carpal ridge present, faint. No ridges or groove 
on dactyl. 

Ambulatories. Merus: All notably expanded. Antero-
ventral ridge on 1st leg absent proximally; distal ser
rations, non-contiguous, on 1st, 2nd, and 3rd legs; 
absent on 4th and from postero-ventral ridge on 4th 
leg. Carpus: 1st and 2nd legs each with 2 dorsal 
ridges present, the anterior the stronger, surface be
tween spinous; 3rd and 4th legs each with anterior 
ridge only; all ridges minutely serrate. Posterior 
ridge, finely serrate, present on 2nd and 3rd legs. 
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Gonopod. Inner process well developed, flat; both 
flanges broad, the anterior slightly the broader; both 
much wider than pore; thumb short, subdistal, reach
ing base of flange. 

FEMALE 

The shape of the carapace closely resembles the 
form of the male. 

Measurements (in mm) 

Largest male 
Holotype male (Tweedie) 
Moderate male 
Largest female 
Ovigerous female 

Length 

16.0 
15.0 
12.0 
10.5 
9.0 

Breadth 

27.5 
25.6 
20.5 
17.5 
16.0 

Propodus 

41.0* 
45.0 
30.0 
-
-

Dactyl 

23.0 
29.0 
19.0 
-
-

* Estimated projection, since pollex regenerated. 

Morphological Comparison and Comment 

XJca rosea differs from acuta, its closest relation, in 
having two furrows, not one, on the dactyl, a large 
posterior flange and inner process, strongly oblique 
orbits, and no mound or ridge on the orbit's floor. 

It differs from forcipata in the large gonopod 
flanges, in having two grooves, not one, on the dac
tyl, and in the more strongly produced antero-lateral 
angles and more converging dorso-lateral margins; 
from dussumieri and arcuata in the strongly oblique 
orbits and absence of antero-lateral margins; from 
demani in having two grooves on the dactyl and no 
tubercles on the orbit's floor; from coarctata and 
urvillei in the latter two characters as well as in hav
ing flanges. It differs from narrow-fronted crabs of 
other subgenera in having long grooves on both dac
tyl and pollex combined with distinct dorso-lateral 
margins on the carapace. 

Its differences from acuta appear to be unques
tionably on the species level. Its range is not known 
to coincide at all with that of its nearest allopatric 
relation, acuta rhizophorae, except for two young 
specimens taken by Tweedie (1937) in Singapore 
and a few a. rhizophorae taken by each of us in other 
parts of the same island. A thorough comparison of 
their displays there, or possibly in Pontianak, would 
be rewarding, particularly if any populations could 
be found living in close sympatry. 

Color 

Both sexes, including rare, displaying males: Cara
pace and eyestalks usually pale turquoise-gray, al
most translucent, giving an effect unlike that of any 
other Uca; carapace sometimes partly or entirely 
pink, but still retaining the striking translucence. The 

pink, when only partial, appears on epibranchial re
gions and sides of carapace. Major cheliped and am
bulatories usually pink. Very young crabs bright yel
low, sometimes orange, not at all translucent; in a 
subsequent stage the carapace is whitish, the legs 
pink. 

SOCIAL BEHAVIOR 

Waving Display 

Only 2 high-intensity waves seen and filmed, both 
by a courting male at Penang. Wave vertical, low, 
the cheliped tip raised slightly above tip of eye. Jerks 
present, each wave being divided by unequal nodes, 
5 or 6 on upstroke, 3 on downstroke; each jerk shows 
a slight regression of wave direction: those on way 
up lower cheliped slightly, while those on way down 
re-elevate it. Jerks were absent at low intensity and 
the wave was lower, not reaching base of eyestalks; 
jerks absent and wave lower also by the single fully 
displaying male observed when he was rapidly fol
lowing the female between jerking waves. Body 
scarcely or not at all raised. Waving rate: the waves 
lasted 3.7 and 4.1 seconds respectively. (Waving 
components: 1, 2; timing elements: Table 19, p. 
656.) 

Acoustic Behavior 

Leg-wagging (sound component 5). A male beside 
his own burrow was threatening a small male tri
angularis, moving from a lateral-stretch to a moder
ate high-rise (agonistic components 10, 13). The 
leg-wagging, occurring in the middle of the high-rise, 
certainly included the rubbing of meri against one 
another, and perhaps also the rubbing of the same 
segments against the vertical lateral margin in a leg-
side-rub (component 6) . Components filmed; no 
data on sound production. 

R A N G E 

Northeast India; Burma; west coast of Malay Penin
sula; Sumatra; Borneo. 

BlOTOPES 

Muddy stream banks, sloping or steep, near mouths 
and adjacent protected flats, always near vegetation 
and sometimes partly shaded. (Biotopes 12, 13.) 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 592.) 
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Observations and collections. West coast of Malaya: 
Malacca; Negri Selambang: young on yellowish, 
clayey banks of drainage ditches emptying into 
river; Penang. August. 

Film. Penang. 

REFERENCES AND SYNONYMY 

Uca (Deltuca) rosea (Tweedie, 1937) 

Gelasimus roseus 

TYPE DESCRIPTION. Tweedie, 1937: 145. Malaya: 
Port Swettenham. Singapore: Jurong R. (BM !) 

Gelasimus acutus (not of Stimpson) 

de Man, 1887.1: 113. Mergui Arch. (Leiden !) 
de Man, 1891: 21, 30 (part). Locality not given. 

Taxonomy. 
de Man, 1895: 573. Malaya: Penang. Sumatra: 

Atjeh. Borneo: Pontianak. 

Uca acuta (not Gelasimus acutus Stimpson) 

Lanchester, 1900.1: 753. Malacca. 
Rathbun, 1909: 114 (part). Taxonomy, in con-

TYPE MATERIAL AND NOMENCLATURE 

Gelasimus roseus Tweedie, 1937 

HOLOTYPE. In British Museum (Natural History), 
London. Male. Malaya: Port Swettenham. Measure
ments on p. 30. (!) 

nection with description of U. manii; no records of 
rosea from Siam included. 

Rathbun, 1910: 322 (part). The preceding com
ments apply. 

Uca manii 

Pearse, 1932: 292. Ganges delta. 
Pearse, 1936: 353. Ganges delta. (USNM !) 
Chopra & Das, 1937: 422. Mergui Arch. 

Uca rosea 

Tweedie, 1954: 118. West coast of Malaya. Dis
tribution. 

Crane, 1957. Malaya: Penang. Preliminary classi
fication of waving display. 
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3. UCA (DELTUCA) DUSSUMIERI (MILNE-EDWARDS, 1852) 

(Indo-Pacific) 

PLATES 2 E-F; 3. 

FIGURES 5; 8 A; 9 A; 27 A-C; 34 A; 35 C, D; 36 A; 37 

A, B; 38 E-H; 45 ,4-DD; 46 B; 52 ,4-Bfl; 54 ̂ -C; 
56 A; 60 .4, B; 61 F, G, /; 72 A-CC; 74; 81 C; 92; 98. 

INTRODUCTION 

From the point of view of a waiting human being, 
this bluish fiddler seems especially likely to sit indefi
nitely on the mud without giving any information 
whatever on the form of his waving display. It is true 
that when tides are low in the morning a flourishing 
population may display with energy. Yet even at high 
intensity these waves look like mere waggings of the 
claw, intermittent and unimpressive in comparison 
with the tireless, spacious circlings of lactea nearby. 

U. dussumieri is probably the most abundant and 
certainly the most widely ranging species of its sub
genus, being found near mangroves from eastern 
India to New Caledonia and north China. Its usual 
sympatric associate is a member of the superspecies 
coarctata and in any tropical swamp color differences 
usually distinguish most individuals, dussumieri be
ing marked with blue, while forcipata or coarctata is 
to some degree patterned with red. 

M O R P H O L O G Y 

Diagnosis 

Two distinct grooves running most of length of ma
jor dactyl. No tubercles on floor of orbit. Gonopod 
with anterior flange large, sometimes represented 
chiefly by a spinous tubercle; posterior flange small; 
inner process broad, non-spinous. Carapace with an
terior margin almost straight; antero-lateral margins 
present but short and variable. Merus of last ambu
latory in male notably slender, its dorsal margin 
straight; last merus in female bordered conspicuous
ly with pile along ventral margin, except in north
west Australia. Eye not notably larger in diameter 
than adjacent eyestalk. 

Description 

With the characteristics of the subgenus Deltuca (p. 
21). 

MALE 

Carapace. Frontal groove moderate to extremely 
narrow; fronto-orbital margins practically straight; 

MAP 18. 
TABLES 8, 10, 12, 14, 19, 20, 23. 

antero-lateral angles acute but little produced; 
antero-lateral margins short but definite, finely ser
rate or beaded except in some individuals; dorso
lateral margins anteriorly smooth or finely beaded, 
posteriorly absent or very weak. Vertical lateral mar
gin distinct and beaded in lower one-third to two-
thirds, of variable height within subspecies. Eyebrow 
poorly marked; upper margin beaded; lower margin 
indicated by a row of fine granules, usually double 
internally, sometimes dying out halfway to antero
lateral angle, sometimes extending almost to the 
angle. Suborbital crenellations low but separate and 
truncate, the outer angle often slightly projecting, 
rectangular, entire. No ridges or mound on floor of 
orbit. 

Major Cheliped. Merus with antero-dorsal margin 
marked by tubercles except proximally, in a single 
row, increasing in size regularly or abruptly near the 
distal end; antero-distal surface also with a few small 
tubercles; latter surface also with scattered granules 
concentrated chiefly near ventral margin, their num
ber, size, and arrangement variable. Ventral margin 
with close-set tubercles, usually in an irregularly 
compound row. Inner surface of palm between ridges 
either finely granulate or covered with flat tubercles. 
Outer side of pollex base with or without a short sub-
marginal furrow proximally, below the usual longi
tudinal furrow. Outer side of dactyl with subdorsal 
furrow long, paralleling lateral furrow through most 
of its length; dactyl dorsally and ventral margin of 
pollex each tuberculate in its proximal half or more, 
while their outer surfaces are somewhat granulate, at 
least proximally. In gape, an enlarged median or sub-
median tooth on the pollex is characteristic in brachy-
chelous individuals. No notable forceps-like forma
tion distally. Outer distal pollex without submarginal 
carina. 

Minor Cheliped. Merus with a few spinules on dorsal 
margin; postero-ventral margin either serrate or with 
separated spinules. Carpal and dactyl ridges scarcely 
indicated or absent. Palmar setae in a short row. 

Ambulatories. Merus: Little expanded; on 4th leg 
dorsal and ventral margins about parallel. Antero-
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ventral margins with ridges on 1st and 2nd virtually 
absent; a few minute serrations distally; 3rd with 
ridge and serrations weak; 4th with ridge moderate 
but serrations barely indicated or absent. Postero-
ventral margins with ridges in distal two-thirds to 
three-quarters; small serrations present in at least 
distal half of 1st, 2nd, and 3rd legs, present or absent 
on 4th. Carpus: 1st leg dorsally with posterior ridge, 
2nd with anterior and posterior, 3rd and 4th with 
anterior only; ridges slightly beaded or finely spinu-
lous; dorsal surface between ridges on 2nd sometimes 
with fine tubercles; posterior ridge absent or present 
on 2nd or 3rd, sometimes on major only; faintly 
tuberculate or smooth. 

Gonopod. Inner process broad and flat; anterior 
flange large, sometimes with a large, dark tubercle 
or spine representing its anterior edge; posterior to 
the spine the flange joins the tube only subdermally 
or nearly so, as a low, horny ridge; posterior ridge 
small; thumb short, practically distal. 

FEMALE 

Merus of last ambulatory broader than in male but 
more slender than that of other Deltuca, its dorsal 
margin being straight. Except in d. capricornis, the 
postero-ventral margin is covered with short, dense 
pile, usually firmly attached, although sometimes 
missing partly or wholly from one side; in d. spinata 
the serrate edge of the segment is wholly buried in 
pile; pile sometimes also present on third merus. 
Gape of chela with 1 pair of enlarged teeth present 
or absent, except in d. spinata, where it is always 
absent on both sides. 

Morphological Comparison and Comment 

Uca dussumieri differs notably from acuta and forci-
pata in having two grooves, not one, running almost 
full length of dactyl; from acuta and rosea in having 
greatly enlarged tubercles all over outer manus, in
stead of only near pollex base; from rosea in having 
the fronto-orbital border practically straight, usually 
with a distinct antero-lateral margin, instead of 
oblique with sides converging immediately behind 
antero-lateral angle; from demani, coarctata, and 
urvillei in the lack of tubercles on floor of orbit; 
from arcuata in the enlargement of the anterior, not 
posterior, gonopod flange and from forcipata, coarc
tata, and urvillei by having a large flange, instead of 
flanges vestigial to absent. Differs from narrow-
fronted Uca of other subgenera in having long 
grooves on both dactyl and pollex. Females of 
dussumieri spinata and d. dussumieri differ from 
those of all species except acuta in having a postero-
ventral border of pile on merus of last ambulatory. 

Along the southern and western margins of the 

Philippines, in Tawi-Tawi, Jolo, and northeast Pala
wan, the local dussumieri showed characters with 
tendencies intermediate between those of d. dussu
mieri and d. spinata. Notably, the anterior flange of 
the gonopod tended to be slightly produced antero-
distally, as in d. spinata, while the pile usually pres
ent on the female's 3rd merus in d. dussumieri was 
lacking, as often in d. spinata. The frontal furrow in 
all remained typical of d. dussumieri. Specimens from 
Nokota Bay, on the southwest coast of Palawan, are 
close enough to d. spinata to be here so identified. 

Some male d. dussumieri in the Philippines super
ficially resemble acuta rhizophorae in having a few 
separated tubercles in the gape of the major chela 
which are distally enlarged. 

Although I have not been able to distinguish mor
phologically specimens here referred to d. spinata 
from temperate north China from those taken in 
tropical Thailand, Malaysia, and elsewhere, it seems 
highly unlikely that further material will not provide 
distinctions. We have no data on the appearance in 
life or behavior of members of temperate popula
tions. 

Color 

The subspecies share four color characteristics. First, 
blue occurs at least in young crabs to varying degrees 
on carapace and ambulatories. Second, pale spots, 
ranging from turquoise to white, are typical of young 
crabs, excluding post-megalopal stages; their location 
and persistence are highly variable; spots sometimes 
remain in mature females, particularly on the merus 
of the 4th ambulatory, but not in mature males. 
Third, the lower major manus, at least, is never blue 
and never white; it ranges instead from pale yellow, 
orange, or red to dull ocher or cream. Finally, large 
individuals are always darker and duller than smaller 
ones; dullest of all are large males. 

The differences among subspecies are minor. Blue 
is most prevalent and persistent in spinata; spotting 
is most highly developed in capricornis. The manus 
in the young is yellow, apricot, or orange in capri
cornis and spinata, but bright orange red in dussu
mieri. A few females of dussumieri, seen only in New 
Caledonia, had the carapace reddish and the minor 
chelipeds bright red; the rest of the population 
showed the usual coloration. Very small crabs in 
spinata are entirely brilliant cobalt blue, without 
spots, but white in capricornis; crabs of similarly 
small size in dussumieri were not identified in life. 

The following description covers all subspecies. 

Adult displaying male. Carapace dorsally without 
spots, although white sometimes persists on ptery-
gostomian or other regions of frontal aspect. Eye-
stalks translucent gray. Major cheliped with merus 
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rarely orange or ochraceous, inside or out; lower 
part of outer manus usually dull ochraceous, less 
often apricot to creamy, the color typically extending 
onto pollex; upper manus and dactyl creamy to 
white; tips of fingers white. Minor cheliped and am
bulatories dark. 

Adult female. Carapace and ambulatories as in male 
except as follows. The blue cast of the carapace is 
often pronounced even in large individuals; some of 
the pale spots of the young often persist into matu
rity, particularly the single large spot on the merus 
of each 4th ambulatory; 3rd maxilliped sometimes 
strikingly white, as may be other aspects of the fron
tal view; ambulatories sometimes bright blue as in 
young. 

Young. Smallest crabs, to a length of about 6 mm, 
unspotted, brilliant cobalt blue to white. Later, large 
single pale spots, ranging from turquoise to white, 
are distributed singly on any number of the follow
ing general regions: front, gastric, hepatic, cardiac, 
branchial, orbital, suborbital, pterygostomian, 3rd 
maxillipeds, minor cheliped merus; anterior parts of 
merus, carpus and manus of first 3 ambulatories; 
posterior merus of 4th ambulatory. Eyestalks trans
lucent yellowish or greenish. Major cheliped always 
with tips of fingers white, otherwise sometimes en
tirely yellow or cream; more often only lower manus 
is colored, whether yellow, apricot or orange red. 

S O C I A L B E H A V I O R 

Waving Display 

Wave in all subspecies strictly vertical, held close 
against buccal region, with no tendency toward a 
semi-unflexed wave; wave low, the dactyl tip not 
reaching above eye and often, even at maximum in
tensity, not beyond eyestalk. 

Depending on the subspecies, the waves are either 
in series, the waves of each series being clear of the 
ground, or else each wave is compound, consisting 
of several jerks, each successively higher, of increas
ing length, without regression of wave direction, and 
with a usually unbroken downstroke. 

Body scarcely or not at all raised. At least in 
d. dussumieri, waving occurs during walking, both 
by aggressive wanderers and by courting males. Wav
ing rate: single waves: about 2.5 to 8 per second; 
compound (jerking) waves: 0.5 to 2.5 per second. 
(Waving components: 1, 2, and, uncommonly and 
weakly, 10; timing elements: Table 19, p. 656.) 

Remarks. There seems to be no question but that the 
jerking wave of d. dussumieri is derived from the 
serial wave of d. capricornis, and that the higher held 
serial wave of d. spinata is also a derivation of the 

capricornis form, but with the specialization in an
other direction, toward increased height through the 
slight raising of the body at high intensities. As is 
usual in the genus, at low intensities non-serial waves 
occur throughout all subspecies, while non-jerking 
display is then an additional characteristic of d. dus
sumieri. 

Precopulatory Behavior 

Male approaches female, with or without waving. 
Stroking of female's carapace with male ambula
tories and plucking motions of her epibranchial re
gions with his minor cheliped seen in d. capricornis. 
No copulations observed. 

Acoustic Behavior 

In each subspecies, unreceptive females responded 
to courting males with high-rises (agonistic com
ponent 13), often accompanied by leg-wagging 
(sound component 5) , with some of the details 
showing clearly in several film sequences. As usual 
there is no particular order for the rubbing by vari
ous ambulatories; the motions definitely include rub
bing the tuberculate, posterior parts of the meri with 
the strong dorsal serrations of the next merus to the 
rear. Rarely leg-stamps (sound component 11) ac
companied leg-wagging. Although in the rejection 
posture the 4th ambulatories are often crooked high 
up against the carapace, no signs of stridulating by 
or against these appendages have been noted. 

A feeding male of d. spinata performed a typical 
major-manus-drum (sound component 9) in the 
middle of a strong lateral-stretch (agonistic com
ponent 10), directed toward a female digging near
by. A male d. capricornis performed a major-merus-
rub (sound component 1), the antero-distal part of 
the merus rubbing an indeterminate point close be
low antero-lateral angle. Surface components filmed 
only. Underground sounds were recorded on tape 
in New Caledonia. 

Combat 

The following components were filmed: manus-rub 
and dactyl-slide (components 1, 6). 

Chimney Construction 

Chimneys erected by this species were found only in 
north-central New Guinea. Some, at least, were made 
by females although they were mounted by both 
sexes. Both construction and courtship activities oc
curred only for several days close to the time of new 
moon during both June and July, the months of 
observation. 



U. (DELTUCA) DUSSUMIERI 35 

RANGE 

The species has been reported a number of times 
from western India, east Africa, and Madagascar, 
both in the literature and on labels attached to 
museum specimens. Each of these specimens that I 
have been able to examine has proved, with one ex
ception, to be an unmistakable example of U. urvil-
lei. The exception is a male in the Rijksmuseum van 
Natuurlijke Historie, Leiden, where it forms one of 
a group under no. 1243, labeled "Pollen v. Dam, 
Nossy Faly"; this is the material reported by Hoff
mann (1874) from Madagascar; as mentioned by 
de Man (1891), he figures the dussumieri male; it 
is unmistakably an example of dussumieri spinata. 
Crosnier (1965, p. 110), working recently in Mada
gascar, was unable to locate other specimens of dus
sumieri. In the present contribution the locality rec
ord of the exceptional specimen is regarded as 
questionable. 

The subspecies are distributed as follows. U. 
dussumieri capricornis: known only from Broome 
and the Monte Bello Is., Australia; several specimens 
reported in the literature and labeled in collections 
as dussumieri from northwest Australia proved to be 
examples of U. coarctata flammula. U. dussumieri 
spinata: Bay of Bengal, Sumatra, and other parts of 
Indonesia; northwest Palawan in the Philippines; 
Thailand; mainland of China. U. dussumieri d.\ Su
matra and other parts of Indonesia; Territory of 
Papua and New Guinea; northeast Australia south 
to Moreton Bay; New Caledonia; Solomon Islands; 
Caroline Islands; Philippines; apparently rare in 
Nansei [Ryukyu] Islands. A male labeled "Toan 
Atoll, Tuamotu Archipelago" was almost certainly 
collected in the Philippines (USNM 93283, part; see 
p. 41). 

BlOTOPES 

Muddy stream banks and protected flats, near mouth, 
near mangroves. Not found as far upstream as mem
bers of the superspecies coarctata. An evidently rare 
occurrence in the Nansei (Ryukyu) Islands seems to 
be confined to Ishiyaki Island, the northern limit of 
mangroves (Macnae, 1968). (Biotope 12.) 

SYMPATRIC ASSOCIATES 

Although all three subspecies of dussumieri live at 
lower levels of the shore than corresponding repre
sentatives of the superspecies coarctata, mingling is 
frequent, and their close sympatric association is one 
of the most typical sights of Indo-Pacific mangrove 
communities. In the Philippines demani is another 
frequent associate; in Sarawak it is acuta rhizo-
phorae, and along the west coast of Malaya rosea 

sometimes intermingles. See also the discussion of 
the patchwork distribution of subspecies in the East 
Indies, under the corresponding headings concerning 
forcipata and coarctata (pp. 51 and 54). 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 592.) 

Observations and Collections. U. dussumieri capri
cornis. Australia: Broome. U. dussumieri spinata. 
West coast of Malaya; Sarawak; Singapore; Java, 
near Surabaja. U. dussumieri dussumieri. New Cale
donia: neighborhood of Dumbea River, near Nou
mea; Philippines: Zamboanga; west coast, Gulf of 
Davao; New Guinea: north-central coast, near 
Madang. 

Although a determined search was made for speci
mens of dussumieri around Semarang, the type-
locality of the species, none was found. The explana
tion very likely lies in the change in habitat, due to 
building of fish ponds and cutting of mangroves. The 
only Uca apparent was U. bellator, which was repre
sented by large and flourishing populations; normally 
this species occurs farther back from the shore than 
dussumieri, and often in much less saline water. 

Films. Motion pictures were made at each of the 
major observation localities listed. 

Sound Recordings. New Caledonia. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca dussumieri (Milne-Edwards, 1852) 

LECTOTYPE. In Museum National d'Histoire Natu-
relle, Paris. Listed by the museum as a "type non 
specifie." Male, selected by J. Crane as the lectotype, 
one of two males listed by Milne-Edwards (1852) 
in the type description of Gelasimus dussumieri. This 
specimen, from Samarang, has the following label: 
"Gelasimus dussumieri. M. Kunaraht Samarang." 
Dried; relaxed for study. Measurements in mm: 
length 14; breadth 23.5; propodus 43. The specimen 
is in poor condition, but its specific characters are 
unmistakahle, as are the identifying details of the 
gonopod and the narrow frontal groove, which are 
typical of d. dussumieri. 

The second male listed by Milne-Edwards has the 
type-locality designated in the description and on the 
label as "Malabar." This specimen proved to be an 
example of U. urvillei (p. 60). 

Uca dussumieri capricornis subsp. nov. 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
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137675. Western Australia. Collected by J. Crane. 
Measurements on this page. 

Named in reference to its occurrence near the 
Tropic of Capricorn. 

Uca dussumieri spinata subsp. nov. 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137677. Singapore. Collected by J. Crane. Measure
ments on this page. 

Named in reference to the spinous projection on 
the gonopod. 

Type of Gelasimus dubius Stimpson, 1858. Loo 
Choo (Ryukyu or Nansei) Islands. Type destroyed 
in Chicago fire. The brief description of the appar
ently unique type agrees well with the appearance 
of a young dussumieri, which has the orbits more 
oblique than do arcuata of similar size; they would 
probably appear strikingly oblique to Stimpson, 
whose acquaintance with Indo-Pacific narrow-fronts 
may well have been limited to vocans and his own 
small holotype of acuta. In Professor Sakai's collec
tion were specimens referred to Uca dubia from the 
same islands. Examination showed them to be char
acteristic examples of the tropical subspecies of dus
sumieri, d. dussumieri, as were those similarly 
labeled dubia from the Palau Islands. 

Other material referred to Stimpson's species from 
the north China mainland and elsewhere, deposited 
in several museums, turned out to be, variously, 
specimens of acuta acuta, dussumieri spinata, and 
arcuata. It is proposed here that G. dubius be con
sidered a synonym of U. d. dussumieri. 

Uca (Deltuca) dussumieri capricornis 
subsp. nov. 
(Western Australia: Broome and Monte Bello Is.) 

M O R P H O L O G Y 

With the characteristics of the species. 
Distal border of anterior flange of gonopod strong

ly concave, the anterior tip protracted. Front with 
marginal ridges well separated, leaving median 
groove distinct. Subdorsal groove of major dactyl 
shallow; supramarginal groove at pollex base well de
veloped, extending along proximal part of pollex. 
Male with dorsal margin of last ambulatory merus 
definitely convex, slightly broader than in other sub
species. Female with last ambulatory merus not bor
dered ventrally with pile, except occasionally for a 
trace near proximal end. A pair of slightly enlarged 
teeth in female chela present or absent. 

Measurements (in mm) 

Holotype male 
Largest male 
Moderate female 
Largest female 

Length 

15.0 
18.0 
13.0 
15.5 

Breadth 

24.0 
27.0 
18.0 
23.0 

Propodus 

38.0 
45.0 

Dactyl 

26.0 
29.5 

SOCIAL BEHAVIOR 

Waving Display 

With the characteristics of the species. 
Jerks absent. Waves serial, with 3 to 11 waves in 

each series, the usual number being about 6. Often 
several or more series occur without more than a 
momentary pause. No trace of drumming on ground. 
Rate of waving from about 2.5 to about 8 waves per 
second. 

Uca {Deltuca) dussumieri spinata 
subsp. nov. 

(From northeast India through Malaya; sporadically 
in East Indies and Philippines to China) 

M O R P H O L O G Y 

With the characteristics of the species. 
Distal border of anterior flange of gonopod very 

low proximally, close to canal, connecting with the 
greatly enlarged, tuberculate, distal strut. In large 
specimens the flattened dark tip of this flange is often 
the only distal structure of the gonopod easily visible 
without dissecting away setae and flesh. Front with 
submarginal ridges well separated, leaving a median 
groove narrow but distinct. Subdorsal groove of ma
jor dactyl well developed in proximal half or through
out. Female with last ambulatory merus bordered 
conspicuously with pile along postero-ventral mar
gin; pile also sometimes similarly present on 3rd 
merus, but only distally. No enlarged teeth in either 
chela of female. A definite boss, sometimes tubercu
late, on female carapace behind dorso-lateral margin. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Holotype male 
(Singapore) 20.0 33.0 61.5 47.0 

Largest male 
(Foochow) 24.0 38.0 77.0 65.0 

Moderate female, 
ovigerous (Sarawak) 15.0 24.5 - -

Largest female, ovigerous 
(Foochow) 20.5 30.0 
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SOCIAL BEHAVIOR 

Waving Display 
With the characteristics of the species. 

Jerks absent. Waves serial, with 3 to 8, usually 
4 to 5 waves in each series without cheliped being 
brought close to ground; sometimes cheliped is slight
ly unflexed at the point of highest reach, and the 
waves, of very low amplitude, made there. At highest 
intensity the body is sometimes raised in front on the 
first two straightened ambulatories; sometimes, in
stead, the middle ambulatories on the major side are 
straightened, giving extra elevation to the waving 
cheliped. Waving rate: about 3.3 to 6.7 waves per 
second. 

Uca (Deltuca) dussumieri dussumieri 
(Milne-Edwards, 1852) 

(Indonesia; east Australia; New Guinea; Philippines; 
certain islands in west Pacific) 

M O R P H O L O G Y 

With the characteristics of the species. 
Anterior flange of gonopod complete, the anterior 

strut not especially strengthened. Front with median 
groove absent or nearly so, its marginal ridges being 
almost or entirely fused in front's midline, but with 
the line of juncture always clearly marked. Subdorsal 
groove of major dactyl well developed in proximal 
half or throughout. Female with last ambulatory 
merus bordered conspicuously with pile along 

REFERENCES AND SYNONYMY 

Uca {Deltuca) dussumieri 
(Milne-Edwards, 1852) 
See under U. (D.) dussumieri dussumieri, below. 

Uca (Deltuca) dussumieri capricornis 
subsp. nov. 
Uca dussumieri capricornis 
TYPE DESCRIPTION. P. 36. Western Australia: 
Broome. 

Uca (Deltuca) dussumieri spinata 
subsp. nov. 

Gelasimus dussumieri 
de Man, 1887.1: 108. Mergui: Kisseraing I. Tax

onomy. 

postero-ventral margin; pile usually similarly present 
on 3rd merus. A pair of enlarged teeth almost always 
present in both chelae of female. A definite boss, 
sometimes tuberculate, on female carapace behind 
dorso-lateral margin. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Moderate male 
(Zamboanga) 

Largest male 
Female (ovigerous and 

largest) (Zamboanga) 
Smallest ovigerous 

female (Jolo) 
Mating pair (Madaum) 

male* 
female 

13.0 
17.0 

14.5 

8.5 

9.0 
10.5 

* The male's cheliped was of juvenile form. He waved with high 
intensity, then mated. 

SOCIAL BEHAVIOR 

Waving Display 
With the characteristics of the species. 

Jerks present at high intensity, 2 to 4 on upstroke; 
almost always none, rarely 1, on downstroke. In 
series of up to 5 waves in threat, 8 in courtship. 
Waving rate of complete waves, including jerks: 
about 2.5 to less than 0.5 wave per second. 

In Zamboanga jerks were not seen after 0940, or 
in the young at any time. Then the display was sim
ply an up-and-down vertical wave, apparently indis
tinguishable from that of coarctata coarctata. 

Ortmann, 1894.2: 755 (part). Java; Singapore. 
de Man, 1895: 576 (part). Malaya: Penang. Tax

onomy. (Amsterdam !) 
Alcock, 1900: 361 (part). Mergui, Andamans, 

Nicobars, Bimlipatam. Taxonomy. 
de Man, 1902: 486 (part). East Indies. Taxonomy. 
Tweedie, 1937: 141. Malaya: Singapore. (Raf

fles !) 

Uca dussumieri 

Nobili, 1899.3: 516 (part). Sarawak. Taxonomy. 
Lanchester, 1900.1: 753. Color. Singapore. 
Tesch, 1918: 39 (part). Labuan. 
Gee, 1925: 165. China: Macao, China Bay. 
Shen, 1940: 232. Hong Kong. 
Tweedie, 1950.1: 356, fig. Labuan; Sarawak. 

Taxonomy; ecology. (Raffles !) 
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Crane, 1957: Singapore; Sarawak. Preliminary 
classification of waving display. 

Uca dussumieri spinata 

TYPE DESCRIPTION. P. 36. Singapore. 

Uca (Deltuca) dussumieri dussumieri 
(Milne-Edwards, 1852) 

Gelasimus dussumieri 

TYPE DESCRIPTION. Milne-Ed wards, 1852: 148 
(part). Java: Semarang [Samarang]. (Paris !) 

Milne-Edwards, A., 1873: 274. New Caledonia. 
Taxonomy. (Paris !) 

Kingsley, 1880.1: 145. Taxonomy. 
de Man, 1892: 306. Celebes. Taxonomy. (Leiden 

!) 
Ortmann, 1894.2: 755 (part). Philippines: Min

danao. 
de Man, 1895: 576 (part). East Indies: Pontia-

nak. Taxonomy. (Leiden !) 
Alcock, 1900: 361 (part). Indonesia: Bimlipa-

tam. Taxonomy. 
de Man, 1902: 486 (part). East Indies. Taxon

omy. (Amsterdam !) 
Gordon, 1934: 12. Indonesia. Taxonomy. 

Gelasimus dubius 

Stimpson, 1858: 99. Type description. (Type not 
extant.) Loo Choo Islands [Ryukyu or Nansei]. 

Kingsley, 1880.1: 141. Description after Stimp
son. 

Stimpson, 1907: 104, fig. Taxonomy, in English, 
of type material. 

Sakai, 1936: 170. Palao Is. Color. (Yokohama !) 
Sakai, 1939: 621, fig. Palao Is. Taxonomy. 
Sakai, 1940: 47. Ryukyu Is. (Yokohama !) 

Uca dussumieri 

Nobili, 1899.3: 516 (part). Sumatra. Taxonomy. 
(Torino !) 

Schenkel, 1902: 578. Celebes: Kema. Taxonomy. 
Nobili, 1903.1: 22. Borneo: Samarinda. Taxon

omy. 
Grant & McCulloch, 1906: 20, 26. Australia: Port 

Curtis. Taxonomy; habitat. 
Roux, 1917: 614. New Guinea: Merauke. 
Estampador, 1937: 543. Philippines: Jolo; Cebu; 

Negros; Negros Orientale. 
Crane, 1957. Philippines. Preliminary classifica

tion of waving display. 
Estampador, 1959: 100. Records from same is

lands as in 1937. 
Macnae, 1966: 77, 79. Australia: Queensland 

(Thursday I. to Moreton B) . Color; ecology. 

Uca dubia 

Miyake, 1936: 511. Ryukyu Is.: Miyara, man
grove swamp. 

Miyake, 1938: 109. Palao Is.: Ngardok; Babel-
thaob. 

Miyake, 1939: 222, 241. Palao Is. 
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4. UCA {DELTUCA) DEMANI ORTMANN, 1897 

(Indo-Pacific: Philippines, Indonesia, Northwest Australia) 

PLATE 4; 46 F. 

FIGURES 61 C, D, H; 90 E, F; 98. 
MAP 2. 
TABLES 8, 10, 12, 19, 20. 

INTRODUCTION Description 

In the southern Philippines demani stands out among 
other Deltuca both in color, which is largely a dark 
red, and in waving display. For the first time in this 
arrangement of the species of Uca, the pattern in
cludes a raising of the body high on the stretched 
legs—a character otherwise found only in subgenera 
showing more advanced social behavior. In another 
indication of social development, demani often waves 
without interruption in continuous series for minutes 
at a time. This characteristic I have found in no 
other Deltuca. 

In Zamboanga demani was common rather high 
up on open banks of the town's tidal drainage ditches 
and even in the shade under houses raised on stilts. 
The few individuals seen outside of villages, near 
Davao, were also on higher ground, well back from 
the edge of a protected tidal flat. 

The species as understood in this contribution 
ranges in a north-south band from northwest Aus
tralia to the northern Philippines. 

In collections and in the literature the names most 
often interchanged with demani are acuta, dussu-
mieri, jorcipata, and coarctata. In addition, a species 
described from the southern Philippines, zamboan-
gana, is a synonym of demani. 

M O R P H O L O G Y 

Diagnosis 

A long row of tubercles on orbit's floor behind mar
gin (very rarely, in large males only, and in the 
unique Australian specimen, vestigial). Major chela 
without a large projection, hook-like or triangular, 
on either pollex or dactyl; subdorsal groove on dac
tyl usually short, never more than half dactyl's 
length. Fronto-orbital margin practically straight; 
dorso-lateral margins strongly convergent. Gonopod 
with anterior flange wider than posterior, strongly 
curving away from pore; pore diameter wide; inner 
process distally broad, rounded. Female gonopore in 
Philippine specimens trapezoidal, with a small tuber
cle and a low rim. 

With the characteristics of the subgenus Deltuca (p. 
21). 

MALE 

Carapace. Frontal groove wide, its sides subparallel; 
fronto-orbital margins practically straight; antero
lateral angles acute, produced, their upper external 
margin serrate; antero-lateral margins short to ab
sent, curving gradually into dorso-lateral margins 
which converge strongly; anteriorly these are strong
ly ridged, sometimes faintly beaded, but die out be
fore level of mid-cardiac region. Vertical lateral 
margin weak, finely or not at all beaded, dying out 
variably well below dorsal surface. Upper margin of 
eyebrow strong and beaded; lower marked by a sin
gle or irregularly double row of close-set granules, 
dying out in external half. Lower margin of orbit 
little rolled out and little sinuous, at least on minor 
side. Suborbital crenellations low but well marked 
and extending almost full width of orbit; lower exter
nal corner of orbit bluntly right-angled; external to 
this, margin is finely tuberculate all the way to the 
narrow channel leading to the orbit and dividing 
suborbital margin from lower edge of antero-lateral 
angle. A long row of tubercles, usually close-set and 
regular, along floor of orbit just behind marginal 
crenellations; in d. demani they are better developed 
than in any other species in the genus, ranging in 
number from about 18 to 22 or more; in exceptional, 
large specimens they are low and indistinct; in the 
other two subspecies they are less numerous and 
sometimes vestigial; in all they usually occupy about 
the middle three-fifths to two-thirds of orbital floor; 
in some individuals the row has one or two gaps; the 
row on the minor side is usually the better developed, 
and the tubercles almost always reach maximum de
velopment in immature individuals. 

Major Cheliped. Merus with antero-dorsal margin 
proximally with rugosities, distally with an irregular 
row or small cluster of tubercles; ventral margin with 
a row, usually compound and irregular, of small, 
close-set tubercles. Tubercles rather small compared 
with some other Deltuca; similar tubercles extend, 
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becoming progressively smaller, partway or entirely 
along the lengths of pollex and dactyl; young with 
tubercles better developed than large crabs. Oblique 
ridge inside palm low for the subgenus, its tubercles 
relatively small. Inner surface of palm covered with 
small tubercles, close-set, but so low that the surface 
appears almost smooth. Depression at pollex base 
clearly trifid, especially in large specimens. Outer 
side of dactyl with subdorsal groove short to mod
erate, never more than half dactyl's length; the dac
tyl's long, lateral groove relatively shallow and in
distinct, sometimes practically absent, especially in 
larger specimens; at its strongest it extends clearly 
throughout most or all of the dactyl's length; some
times, in contrast, it is necessary to blot off the pre
servative and manipulate the dactyl under the lamp 
to detect traces of the groove. Pollex groove also 
shallow; sometimes it is slightly more distinct than 
is long groove on dactyl. Tubercles of prehensile 
edges low and rounded except subdistally; here two 
series are slightly enlarged, but the fingers can meet 
only at their extreme tips. 

Minor Cheliped. Merus with a few spinules on dorsal 
margin; postero-ventral margin with weak, separated 
serrations, better described as minute, oblique rugosi
ties; carpal and dactyl ridges almost or completely 
absent. Palmar setae in a tuft. 

Ambulatories. Merus: 1st, 2nd, and 3rd moderately 
expanded, 4th slightly. Antero-ventral ridge on 1st 
leg scarcely indicated, distally with several widely 
separated serrations; 2nd, 3rd, and 4th with ridges 
strong proximally, serrations indicated distally. Pos
tero-ventral sides ridged in distal two-thirds of all; 
small serrations at least on distal half on 1st, 2nd, 
and 3rd; serrations practically absent on 4th. Carpus: 
Marginal and dorsal armature well developed; 1st, 
2nd, and 3rd legs with antero-dorsal and postero-
dorsal ridges, 4th with antero-dorsal; all ridges ser
rate and the spaces between them rugose. Posteriorly, 
2nd leg on major side only with a weak tuberculate 
ridge and 1st, 2nd, and 3rd legs slightly rugose. 

Gonopod. Inner process broad and flat; anterior 
flange larger than posterior, strongly curved. Pore 
larger than in other members of the subgenus, ex
cept some of the superspecies coarctata; overlap of 
components of distal part of tube are clearly visible, 
unlike the usual obscurity in dussumieri and the 
superspecies acuta. Thumb short, practically distal. 

FEMALE 

Gonopore roughly trapezoidal in shape, the base 
being external; a small tubercle on posterior margin; 
additionally with a low rim, sometimes interrupted 
laterally. Meri of posterior ambulatories broad. No 
enlarged teeth in chela. As in the male the great 

length of the row of tubercles on orbital floor is diag
nostic, but, in contrast to their relative strength in 
other species, the female's tubercles are sometimes 
smaller and fewer in number than those of males. 
Material is insufficient for a satisfactory comparison 
in either d. demani or d. typhoni. In the 3rd sub
species, d. australiae, the female is unknown. 

Measurements (in mm) (both sexes) 

Length Breadth Propodus Dactyl 

demani australiae 
Holotype male (Broome) 
'.mani typhoni 
Holotype male (Manila) 
zmani d. (Zamboanga) 
Largest male 
Moderate male 
Moderate female 

15.0 

17.0 

25.5 
18.0 
13.0 

25.0 

28.0 

41.0 
28.0 
21.5 

40.0 

38.0 

73.0 
43.0 
-

Morphological Comparison and Comment 

Uca demani differs most obviously from dussumieri 
and forcipata, and from (Thalassuca) tetragonon 
and (Thalassuca) vocans, in the presence of tuber
cles on the orbital floor. It differs from coarctata and 
(Australuca) bellator in the well developed flanges 
on gonopod, as well as in the absence of a large tooth 
on pollex or dactyl. The tubercles of the major manus 
are smaller than in other Deltuca, while the eye 
diameter, in contrast particularly to its large size in 
forcipata and coarctata, is little greater than that of 
the stalk. The trapezoidal shape of the female's gono
pore is a useful diagnostic character; this structure, 
combined with the unusual extent and regularity of 
the tubercles on the orbit's floor, make the identifica
tion of even young females relatively easy. 

The subspecies are differentiated by the relative 
development of tubercles on the orbit's floor and by 
the forms of the gonopod and gonopore. 

Color 

Known only for the subspecies d. demani (p. 42) . 

S O C I A L B E H A V I O R 

Waving Display and Acoustic Behavior 

Known only for the subspecies d. demani (p. 42) . 

R A N G E 

U. demani ranges roughly along a north-south axis 
from northwest Australia to the north Philippines. 
The scanty material available is distributed as fol
lows: d. australiae: Broome, Australia; d. demani: 
eastern Java, Sumbawa, Celebes, and, in the south 
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Philippines, the island of Mindanao; d. typhoni: 
Philippines, from Negros to Luzon. Three specimens 
(USNM 93283, part), labeled "Toan Atoll, Tuamotu 
Archipelago," certainly were not collected there; 
mixed with them were specimens of two other forms 
found in the Philippines, d. dussumieri and forcipata; 
the name given on the original label was dussumieri. 

BlOTOPES 

(Known only for d. demani on Mindanao.) 
Open flats of muddy sand to mud in delta lagoon; 

also muddy stream banks near mouth and protected 
flats, near vegetation. In general nearer high tide lev
els than low. (Biotopes 11, 12.) 

S Y M P A T R I C A S S O C I A T E S 

(Known only for d. demani on Mindanao.) 
In rich localities d. demani occurs in close sym-

patry with d. dussumieri and c. coarctata. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 593.) 

Observations and Collections. Philippine Islands: 
Mindanao: Zamboanga; west coast, Gulf of Davao: 
Malalag and the neighborhood of Sasa. 

Film. Same. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca demani 

LECTOTYPE. In Rijksmuseum van Natuurlijke His
toric, Leiden; no. 1257. Name proposed by Ort-
mann, 1897, for 2 of de Man's specimens published 
under the name of G. forcipatus, of which this is one 
(de Man, 1891). This male in Leiden selected by 
J. Crane as the lectotype. It is labeled: "Celebes Uca 
demani (Ortmann) = G. forcipatus de Man." In 
alcohol. Excellent condition. See References and 
Synonymy, p. 42. (!) 

Associated Material. The 2nd male referred to by 
Ortmann, was recorded from Sumbawa by de Man 
in 1892; it is deposited in the Zoologisch Museum, 
Amsterdam. (!) 

Uca demani australiae subsp. nov. 
HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Cat. no. 
64250. Broome, Australia. Collected by E. Mjoberg, 
identified by M. J. Rathbun on label as Uca demani. 
Measurements on p. 40. (!) 

Named in reference to its southern distribution. 
(From the Latin noun ouster, "the south.") 

Uca demani typhoni subsp. nov. 
HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Cat. no. 
43041. Manila, Philippine Is. Collected by A. S. 
Pearse and identified by him on label as Uca demani. 
Measurements on p. 40. (!) 

Named in reference to its habitat in a land often 
subject to typhoons. (From the Greek noun typhon, 
"a stormy wind"; "a whirlwind.") 

Type Material of Uca zamboangana Rathbun, 1913. 
In Smithsonian Institution, National Museum of Nat
ural History, Washington. 6 males from Zamboanga, 
Philippine Is. (Cat. no. 43207). There appears to be 
no reason to distinguish this material from the speci
mens from Celebes and Sumbawa. (!) 

Uca (Deltuca) demani australiae 
subsp. nov. 
(Northwest Australia) 

M O R P H O L O G Y 

(From holotype male, the unique specimen.) 
With the characteristics of the species. 
Tubercles on floor of orbit poorly developed, be

ing indistinct and few in comparison with those of 
d. demani and d. typhoni; an accurate count is im
possible, since some can be considered either tuber
cles or merely irregularities on the supporting ridge. 
Antero-lateral margin short but distinct on major 
side; corresponding region of minor side missing. 

Gonopod with anterior flange very broad, strong
ly curved and high, its distal edge projecting beyond 
those of pore and posterior flange, its outer corner 
projecting most. Pore diameter less than breadth of 
anterior flange but wider than the tapering distal end 
of the narrow posterior flange which does not project 
beyond it. Inner process broadly rounded, ending 
proximal to pore, covering not more than posterior 
half of distal part of tube and none of anterior flange. 

Uca {Deltuca) demani typhoni 
subsp. nov. 
(Northern Philippines) 

M O R P H O L O G Y 

With the characteristics of the species. 
Tubercles on floor of orbit well developed, but 
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usually less numerous than in d. demani; their range 
is from about 12 to about 18. 

Gonopod very similar to that of d. australiae, with 
the anterior flange even wider and more strongly 
curving, and very high; its most distal section is 
sometimes more median than in d. australiae in 
which the outer angle projects most; its entire distal 
edge and angles are slightly rounded, almost trun
cate. Posterior flange narrow and tapering as in d. 
australiae. Inner process strongly bent away from 
both anterior process and pore region, neither of 
which it overlies. 

Uca (Deltuca) demani demani 
Ortmann, 1897 

(Indonesia; southern Philippines) 

M O R P H O L O G Y 

With the characteristics of the species. 
Tubercles on floor of orbit almost always strong 

and numerous, ranging from about 18 to 22 or more. 
Anterior flange wide and strongly curved as in 

other subspecies but diminishing rapidly in height 
away from pore; dissection is sometimes needed to 
reveal its full extent. Posterior flange similar but less 
curved. Pore exceptionally wide, almost equal to 
flange breadth. Inner process not strongly curved. 

Color 

Mature crabs of both sexes with carapace, at bright
est, pale, dull red; sometimes dark with variable pale 
blotches anteriorly. Eyestalks rose to red. Major 
cheliped ranging from rose red through dull purplish 
red to true purple, often including fingers. Minor 
chelipeds and ambulatories rose red to pale violet. 
In immature individuals the prevailing color is rose 
red rather than purplish; half-grown young some
times with carapace and legs translucent grayish, but 
major cheliped dark red. Individuals of all sizes in 

REFERENCES AND SYNONYMY 

Uca (Deltuca) demani Ortmann, 1897 

TYPE DESCRIPTION. See under U. (D.) demani de
mani, below. 

Uca (Deltuca) demani australiae subsp. nov. 

TYPE DESCRIPTION. P . 4 1 . 

Zamboanga tended toward rose red rather than pur
ple or violet tones, while the opposite was true in 
populations near Davao. 

S O C I A L B E H A V I O R 

Waving Display 

Wave vertical, tending toward a semi-unflexed wave, 
the cheliped being held at an acute angle with respect 
to buccal region. Tips of chela extending above eye, 
and, at highest intensity, mano-carpal joint raised 
even higher. Jerks absent. Body raised throughout a 
series of waves (high intensity, near Davao, Philip
pines) or raised with each wave (medium intensity, 
Zamboanga, Philippines). At high intensity at least 
the 2nd or 3rd ambulatories, or both, on both sides, 
held off ground, but not in contact with each other 
or with other legs. No seriality apparent. Waving 
rate: slightly more than 1 per second. (Waving com
ponents: 1, 3, 10, 11; timing elements: Table 19, 
p. 656.) 

Unlike acuta rhizophorae, rosea, and dussumieri, 
this subspecies partly unflexes the cheliped, raises it 
relatively high above the eyes at the peak of the 
wave, simultaneously elevates the body, and often 
displays from a raised point on the substrate. These 
characteristics all are frequent in species with more 
complex displays. 

Acoustic Behavior 

Minor-merus-rub (sound component 2 ) : The rub is 
apparently against sides of carapace and outer sub
orbital region, as well as mutual rubbing with 1st 
ambulatory; latter also appears to rub side of cara
pace in a leg-side-rub (component 6) . Leg wagging 
(component 5) questionably occurs of 2nd and 3rd 
ambulatories on major side, as a male waves when 
partly down burrow; this may be merely a sample of 
abortive leg-waving, which is part of the regular wav
ing display. Components filmed; no data on sound 
production. 

Uca (Deltuca) demani typhoni subsp. nov. 

TYPE DESCRIPTION. P . 4 1 . 

Uca (Deltuca) demani demani 
Ortmann, 1897 

Gelasimus forcipatus (not of Adams & White) 

de Man, 1891: 32. Celebes. Taxonomy. One of 
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2 specimens for which Ortmann, 1897, below, pro
posed the name demani. (Leiden, no. 1257 !) 

de Man, 1892: 306. Sumbawa: Baii van Bima. 
Taxonomy. The 2nd specimen for which Ortmann, 
1897, proposed the name demani. (Amsterdam !) 

Uca demani 
TYPE DESCRIPTION. Ortmann, 1897: 349. New name 
as indicated above for 2 of de Man's specimens. 

Ward, 1941: 3. Philippines: west coast, Gulf of 
Davao. 

Uca zamboangana 
Rathbun, 1913: 615; PI. 74. Philippines: Zambo-

anga. Type description. (USNM 43307 !) 
Estampador, 1937: 544. Philippines: Zamboanga. 

Record of type material. 
Estampador, 1959: 102. Same comment as above. 
Ward, 1941: 3. Philippines: west coast, Gulf of 

Davao. 
Crane, 1957. Philippines: west coast, Gulf of 

Davao. Preliminary classification of waving display. 
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5 UCA (DELTUCA) [COARCTATA] ARCUATA (DE HAAN, 1835) 

(Subtropical and warm temperate Indo-Pacific 

PLATE 5 A-F. MAP 19. 
FIGURES 8 C; 9 C; 61 J; 98. TABLES 8, 10, 12, 20. 

INTRODUCTION 

Uca arcuata stands out among other Deltuca in its 
northern distribution, which lies quite clearly in a 
band that includes both mainland and islands from 
Hong Kong to Japan. 

Toward its northern limit the crab hibernates. In 
northwest Taiwan I found its breeding season well 
under way in late April, while a month later in south 
Japan waving had not begun. This breeding pattern, 
showing local adaptations to temperature, is also 
characteristic of temperate zone fiddlers in the west
ern Atlantic. The rhythm in arcuata seems to be 
partly endogenous, judging by the behavior of speci
mens flown to the crabberies in Trinidad, West In
dies. After their arrival in early June they displayed 
regularly until October. In spite of frequent observa
tions, no more waving was seen until the following 
spring, although the crabs fed actively and tended 
their burrows. Then, in mid-April, the several surviv
ing males recommenced vigorous display and con
tinued almost daily for several months. The last in
dividual disappeared late the following fall, 18 
months after capture. The great reduction, if not 
cessation, of waving during the months of a northern 
winter was obviously not connected with tempera
ture, since Trinidad lies in the equatorial zone. 
Other possible factors, drought and rainfall, do not 
appear to be involved, since no seasonal shifts coin
cided with the crabs' behavior change; in Trinidad 
the dry season starts in January and ends in May. 

The Japanese, with a combination of their usual 
enterprise and taste for seafood, have introduced 
canned arcuata to the local market. The label shows 
a large, red, unmistakable, male Uca—the only 
medium in which I have ever seen a fiddler commer
cially depicted. Fortunately for the welfare of the 
crabs, the industry is small and the biologists of 
Kyushu University are devoted conservationists. 
Only one additional fiddler, U. tangeri, seems to be 
regularly eaten but only in Europe. On waterfront 
streets in the Algarve of Portugal I have sampled the 
claws, freshly caught, boiled, and enjoyed promptly 
by the citizens as a snack or appetizer (p. 118). 

In collections and the literature the names arcuata, 
forcipata, dussumieri, acuta, and their synonyms 
have been confused in the identification of mainland 
specimens. Examples from the tropics occasionally 

: China to Japan) 

labeled arcuata always prove to be members of other 
species. 

MORPHOLOGY 

Diagnosis 

A single groove running most of length of major dac
tyl. Gonopod with anterior flange rudimentary, pos
terior flange large; inner process broad, non-spinous, 
straight. No tubercles behind margin on floor of or
bit; traces only of indistinct granules, rare in male, 
frequent in female. Carapace with anterior margin 
almost straight; antero-lateral margins always well 
developed. Merus of 4th ambulatory widely ex
panded in both sexes, its dorsal margin clearly con
vex. Female: gonopore oval, with a low rim except 
antero-internally, highest postero-internally. 

Description 

With the characteristics of the subgenus Deltuca (p. 
21). 

MALE 

Carapace. Strongly arched, unlike the other species 
in the subgenus. Tip of front little bent downward, 
compared with other species in the subgenus; frontal 
groove moderate, its sides parallel; fronto-orbital 
margins practically straight; antero-lateral angles 
little produced, almost rectangular; antero-lateral 
margins long for the subgenus, scarcely or not at all 
converging, margins strong, equipped with minute 
tubercles; these margins curve inward to form the 
moderately converging dorso-lateral margins, well 
marked but scarcely or not at all beaded and ending 
at about level of mid-cardiac region. Vertical lateral 
margin distinct only in the basal third or a little 
more, not beaded. Eyebrow oblique instead of verti
cal, well marked, the upper margin with minute 
tubercles, the lower by a row of granules, dying out 
more than halfway to antero-lateral angle. Suborbital 
crenellations low, rounded, increasing moderately 
toward orbit's lower outer angle, which does not pro
ject; beyond this point two or more smaller crenella
tions, less often minute granules, sometimes fill in 
entire outer margin below lower edge of antero
lateral angle. Granules on floor of orbit usually ab-
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sent, sometimes faintly indicated; a blunt ridge in 
same position, most prominent slightly internal to 
mid-point of floor, dying out externally. 

Major Cheliped. Merus with antero-dorsal margin 
with tubercles present or absent in proximal half, 
distally in a regular row, all small, or enlarged only 
at segment's end where one or two are sometimes 
larger, or several small ones may be united longi
tudinally; close by on anterior distal surface is a 
small cluster of tubercles; ventral margin with an ir
regular row of moderate and small tubercles. Center 
of palm with indications of large tubercles, but so 
flat that the surface feels smooth and appears so ex
cept when appropriately lighted; surface also with a 
few minute granules. Depression at pollex base clear
ly trifid. Pollex and dactyl marginally and externally 
with large tubercles only proximally; remainder of 
length granulous; subdorsal furrow of dactyl short. 
In gape a median tooth usually enlarged near middle 
of pollex; one or more smaller enlarged teeth in dac
tyl's proximal half. Forceps-like tip of chela present, 
but not as pronounced as in coarctata or forcipata. 
No submarginal carina on outer distal part of pollex. 

Minor Cheliped. Merus with a few spinules on dor
sal margin; postero-ventral margin with a single row 
of separated tubercles; carpal ridge and dactyl groove 
and ridges absent or faintly traceable. Palmar setae 
in a row. 

Ambulatories. Merus: All notably expanded. Antero-
ventral ridge virtually absent on 1 st leg, weak on 2nd, 
3rd, and 4th, which are equipped only with a few 
minute, separated serrations, often practically absent. 
Postero-ventral ridges all notably strong, serrations 
weak or moderate. Carpus: 1st leg with postero-
dorsal ridge only; 2nd with antero-dorsal and 
postero-dorsal; 3rd and 4th with antero-dorsal only; 
serrations well developed except on 4th; dorsal areas 
rugose. Posterior ridge faintly indicated on 2nd leg 
of minor side only. 

Gonopod. Inner process broad, flat, straight; anterior 
flange narrow, posterior flange notably broad, form
ing a combination found in no other species and dis
tinct even in very young crabs. Gonopore smaller in 
diameter than width of posterior flange, which is only 
slightly curved; overlapped margins of gonopore dis
tinguishable. Thumb of moderate length, subdistal. 

FEMALE 

No bumps, clustered tubercles or tuberculate striae 
on carapace behind postero-dorsal margins. Minute 
granules usually detectable on orbital floor. Gape of 
minor cheliped with a pair of teeth slightly enlarged 
at least on one side. Merus of 4th ambulatory strik
ingly broad, its dorsal margin convex throughout; 
no pile along the segment's postero-ventral margin. 

Gonopore oval, slightly longer than wide on the 
obliquely antero-posterior axis; rimmed except 
antero-internally; rim highest around postero-internal 
angle; sometimes with a 2nd, smaller rise, almost a 
tubercle, opposite at antero-outer angle. Gonopore 
depression in sternum shallow. 

Measurements (in mm) 

Depth of 
manus at 

Length Breadth Propodus Dactyl dactyl base 

Largest male 23.0 37.0 68.0 45.0 
Moderate male 

lepto-
chelous 19.5 33.0 58.0 42.0 18.0 

brachy-
chelous 19.5 33.0 52.0 33.0 20.0 

Largest female 
(ovigerous) 

(Taiwan) 17.0 28.0 -
Moderate ovi

gerous female 
(Amoy) 14.5 24.5 -

Morphological Comparison and Comment 

U. arcuata differs from all the narrow-fronted Uca 
occupying in part the same range in having the poste
rior, not anterior, flange of the gonopod well devel
oped. It differs additionally from them as follows: 
From dussumieri spinata in having the angle of the 
wider flange (regardless of its identity) low and in
distinct, instead of produced and pointed; major dac
tyl with 1, not 2, long grooves; female gonopore 
with rim highest postero-internally, not antero-exter-
nally, if it projects at all; female chela always with 
a pair of enlarged teeth on at least one side, instead 
of being always without enlarged teeth; female merus 
of last ambulatory without a submarginal band of 
pile on lower, posterior margin; finally, in both sexes, 
merus of last ambulatory very broad, its dorsal mar
gin convex throughout. From dussumieri dussumieri 
it differs as above except, first, that the differences 
between the distal angles of the wider gonopod 
flanges are not so strikingly different, since in d. dus
sumieri the angle is not produced; second, female 
d. dussumieri, as in arcuata, have a pair of enlarged 
teeth on at least one side; a helpful additional differ
ence in both sexes lies in the submarginal ridges of 
the front, which are well separated in arcuata but 
close together or virtually confluent in d. dussumieri. 
From acuta acuta it differs in both sexes in having 
the antero-lateral margins of the carapace distinct 
instead of practically or wholly absent; in the absence 
in both sexes of a mound or blunt ridge on the orbit's 
floor; in the female's last ambulatory merus, which 
lacks submarginal pile on its ventral posterior sur
face; and, finally, in the female's gonopore, which 



46 U. {DELTUCA) ARCUATA 

does not lack a rim on its inner margin. From all 
species of the subgenus Thalassuca it differs in the 
gonopod tip proportions, broad and convex merus of 
the last ambulatory, weak crenellations on suborbital 
margin, and slender claw on minor cheliped. 

From narrow-fronted Indo-Pacific Uca found in 
other regions, arcuata differs as follows: From its 
closest relations (forcipata, coarctata, and urvillei) 
in the presence of well-developed gonopod flanges, 
which also distinguish it from all members of the 
subgenus Australuca. The wide posterior flange also 
sets it off from the other members of the subgenus 
Deltuca, rosea and demani, not previously men
tioned. 

Color 

Adults of both sexes with carapace dark brown or, 
sometimes, dull maroon; sometimes with a light or 
dark band across anterior part, between antero
lateral margins. Eyestalks always dark. Major manus 
dull yellowish, at least on lower outer portion; tips 
of fingers white. Young with varying amount of red; 
major manus always red, at least on outer side; some
times entire cheliped red except for usual white 
fingertips; ambulatories often red, as are sometimes 
the orbits, buccal region, and minor cheliped. 

The "Van Dyck Red reticulations" mentioned by 
Sakai (1938) were not seen by me in living or fresh
ly dead specimens; in formalin, however, darkish 
reticulations appear on a lighter ground. The red 
may possibly be an effect of alcohol on fresh speci
mens, or perhaps a phase characteristic of the breed
ing season in Japan. 

S O C I A L B E H A V I O R 

Waving Display 

Wave vertical, high for the subgenus; at highest in
tensity the entire chela, as far as lower part of pollex, 
reaches above eye. Jerks absent. Upstroke much 
longer than downstroke. Body raised in a leg-stretch 
with each wave; during highest reaches, only the 
minor side is raised so that the finger tips are pointed 
up; even at moderate intensity the upper margins of 
manus and dactyl, held horizontally rather than 
tilted, extend slightly above eye level. During one 
threat situation the wave combined with a warding 
off threat motion to give the effect of a semi-unflexed 
wave (see acoustic behavior, below). At low inten
sities, during feeding, the wave is of very small ampli
tude and much faster, with the cheliped not touching 
ground. No trace of seriality. Rate of regular, high 
intensity waving ranging from about 0.3 to 1.2 waves 
per second. The rapid, low-intensity waves were at 

the rate of between 1.5 and 3.3 to the second. (Wav
ing components 1, 3 [weak], 10.) 

Acoustic Behavior 

A questionable example secured of a major-merus-
rub during a low-intensity threat sequence, in which 
a wave was combined with a lateral threat as de
scribed above. The rub appears to be of the antero-
dorsal part of the merus against an indeterminate 
point below the antero-lateral angle. (Acoustic com
ponent 1.) Filmed; no data on sound production. 

Chimney Construction 

Chimneys erected around burrows by both sexes, 
young as well as adults, in both Hong Kong and Tai
wan. None were seen in Japan. In Hong Kong a 
young female 10 mm long built a chimney 75 mm 
high, bringing the material from a distance of 3 or 4 
inches as usual; during the same period, she brought 
loads of substrate from time to time from inside the 
burrow, carrying them also to a distance before drop
ping them. 

RANGE 

East coast of Asia from the Gulf of Tonkin north to 
Korea; Hong Kong; Taiwan; Japan north to Fuku-
oka, on Kyushu; formerly extending at least to the 
Kii Peninsula on Honshu. 

BlOTOPES 

On mud flats and low banks near mouths of large 
rivers; immature specimens occur on tidal flats well 
to the sides of actual river mouths. (Biotopes 12, 
13, 16.) 

S Y M P A T R I C A S S O C I A T E S 

Judging by collections from the north China main
land on deposit in museums, arcuattfs regular associ
ates in the area are dussumieri spinata and acuta 
acuta. In Hong Kong I saw no mature arcuata; the 
young collected were mingled with mature a. acuta 
on a sheltered tidal flat; others were seen on a higher 
flat above the zone frequented by vocans; it was not 
possible to travel upriver, beyond the borders of the 
colony, to seek populations of large individuals. At 
Tamsui in Taiwan the young occurred in a location 
similar to that at Hong Kong; displaying and large 
adults were found only upstream from the river 
mouth, although still in strongly brackish water; here 
they were the only Uca. Adults lived in a similar situ
ation close to Ariake Bay, Kyushu, Japan; no other 
species of Deltuca reaches as far north as Kyushu. 
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MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given in 
Appendix A, p. 594.) 

Observations and Collections. Hong Kong: young 
only; May. Tamsui, Taiwan: young and displaying 
adults, including one ovigerous female; late April. 
Ariake Bay, Kyushu, Japan: no display seen, but 
weather rainy; late May. Living males and females 
brought from Ariake Bay to Trinidad, West Indies. 

Film. Hong Kong; Tamsui. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca arcuata (de Haan, 1835) 

LECTOTYPE. In Rijksmuseum van Natuurlijk His
toric, Leiden. One male, selected by J. Crane from 
a group of 4 males, one female, numbered "243" 
and labeled: "Uca arcuata (de Haan) ( = Gelasimus 
arcuatus de Hn. Type) v. Siebold 4 m., 1 f. Japon." 

REFERENCES AND SYNONYMY 

Uca (Deltuca) arcuata (de Haan, 1835) 

Gelasimus arcuatus 

TYPE DESCRIPTION. De Haan, 1835: 53; PI. 7, Fig. 
2. Japan. (Leiden !) 

Milne-Edwards, 1852: 146. Taxonomy (brief). 
Kingsley, 1880.1: 143. Taxonomy. Refs. to date. 
Miers, 1880: 309. Taxonomy. 
de Man, 1891: 28. Japan. Taxonomy. 
Ortmann, 1894.2: 755. Japan. 
Ono, 1959. Japan: Fukuoka, in estuary of Tatara 

River. Ecology. 

Gelasimus brevipes 

Milne-Edwards, 1852: 146. China. Type descrip
tion. (Paris !) 

Stimpson, 1907: 106. Comparison with G. acutus. 
Gee, 1925: 165. China. 

Gelasimus arcuatus var. jorcipatus 

Miers, 1880: 309. Taxonomy. 

Uca arcuata 

Parisi, 1918: 93. Japan: Wakanoura, Hondo, 
Tamsui on Formosa. 

Associated Material. Above specimens, carapace 
lengths 14-22 mm; propodus of largest, 64 mm. 
Material in alcohol, in excellent condition. (!) 

In the same collection: no. 244 with label "Uca 
arcuata de Haan Japon m. v. Siebold," consisting of 
a jar of medium to large specimens. No. 245 with 
label "Uca arcuata (de Haan) v. Siebold F. Japon": 
1 female. Finally, dried specimens, designated 
"Types." (!) 

Type Material of Gelasimus brevipes Milne-Edwards, 
1852. Examined in Museum d'Histoire Naturelle, 
Paris. Listed by Museum as "types non specifies," 
all dried. One 15 mm male relaxed for study. The 
relative size and form of the major cheliped agree 
with some of those of similar size of arcuata from 
Hong Kong and elsewhere, while the gonopod and 
other specific characters are indistinguishable from 
those of arcuata. G. brevipes is therefore here syn-
onymized with U. arcuata. (!) 

Kellogg, 1928: 354. China: Foochow. 
Gordon, 1931: 528. China: Amoy. 
Shen, 1932: 273; figs. N. China: Shantung Penin

sula. Taxonomy (brief), color, habitat. 
Sakai, 1934: 320. Japan: Nagasaki. 
Takahasi, 1935: 78. Formosa. Habits. 
Kamita, 1935: 61, 69. W. Korea: Yellow Sea. 
Serene, 1937: 76. Indochina: Tonkin. 
Shen, 1937.1: 184. North China: southern coast 

of Shantung Peninsula, salt marshes. Taxonomy. 
Shen, 1937.2: 309. North China. Check list only. 
Sakai, 1939: 619 (part). Japan: Kii Peninsula, 

Nagasaki, Ariake Bay. 
Sakai, 1940: 42. Japan. Distribution. 
Shen, 1940: 231. Hong Kong: Repulse Bay, 

Wong Chuk Hang, Kowloon (Shatin, Ts'ue, Wan). 
Lin, 1949: 26. Formosa. 
Miyake, 1961: 175. Japan: Kyushu: Ariake Bay. 

Local use, salted, for food. 
Ono, 1965. Japan: Kyushu: Fukuoka, in Tatara-

Umi River estuary. Ecology; feeding in relation to 
morphology of mouthparts. 
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6 UCA (DELTUCA) [COARCTATA] FORCIPATA (ADAMS & WHITE, 1848) 

(Tropical west-central Indo-Pacific) 

PLATES 5 G-H; 6 A-D; 46 A. MAP 19. 

FIGURES 26 B; 38 A-D; 61 K; 98. TABLES 8, 10, 19, 20, 23. 

INTRODUCTION 

A crab characteristic of the backwaters of river 
deltas, forcipata extends upstream a little beyond the 
limits of the mangroves. 

In living crabs the large, spherical eyes and their 
stalks are sometimes bright scarlet. This characteris
tic, along with other markings of red or purple, is 
helpful in distinguishing forcipata from dussumieri 
spinata, its frequent sympatric associate among the 
mangroves near shore; on dussumieri red and pur
plish shades are absent while blue is prevalent. An 
additional difference among females is forcipata's 
habit of building chimneys around their burrows. 

Prompt identification of living crabs is necessary, 
since so much remains to be learned of their social 
patterns, which, unlike those of most other sub
genera, usually unfold at uncertain intervals that try 
human patience. When at last forcipata suddenly 
waves or undertakes a brief, lethargic courtship, the 
protagonists are usually hard to catch. Although slow 
to rouse to social actions they show the speed of all 
fiddlers in dropping down their burrows when 
alarmed; in adult forcipata the holes are often deep 
and lead through a tangle of mangrove roots. When 
there is time to focus, binoculars can contribute re
liably to field identification. In particular they show 
whether the major dactyl has the single long groove 
of forcipata or the two grooves of dussumieri. An
other character observable in the field is forcipata's 
strong "forceps" at the end of the claw. This effect 
is formed by a large, hook-like, tuberculate projec
tion into the gape that arises just before the tips of 
dactyl and pollex. We do not yet know how this 
elaborate specialization is used, although presumably 
it functions during certain components of combat, 
still to be observed. 

M O R P H O L O G Y 

Diagnosis 

Major chela with a strong, tuberculate, hook-like 
projection distally on both dactyl and pollex, giving 
a forceps-like appearance. A single groove running 
most of length of major dactyl. Tubercles behind 
margin on orbit's floor altogether absent. Gonopod 
with flanges obsolescent, the posterior slightly more 

distinct than anterior, widest basally, practically ab
sent distally; pore much wider than either flange 
where they adjoin it distally; inner process flattened 
but distally pointed. Carapace with orbits distinctly 
oblique and with its sides converging strongly poste
riorly. Eyes notably larger in diameter than stalks 
even in preserved specimens. Merus of 4th ambula
tory moderately expanded. Female gonopore triangu
lar, partially rimmed, with the highest point at 
postero-inner angle. 

Description 

With the characteristics of the subgenus Deltuca (p. 
21). 

MALE 

Carapace. Frontal groove of variable width, widest 
distally; never so narrow that its sides are almost in 
contact. Fronto-orbital margins oblique; antero
lateral angles moderately to strongly acute and pro
duced; antero-lateral margins short to absent, being 
convergent immediately behind antero-lateral angle, 
and, where distinct at all, soon curving into the more 
strongly converging dorso-laterals; entire margin 
from tip of antero-lateral angle to end of dorso
laterals at level of mid-cardiac region, strongly ridged 
and with small projections; these range in decreas
ing size from small separate serrations near the angle 
to beading posteriorly. Vertical lateral margin well 
developed and beaded throughout, ending just below 
dorsal surface. Eyebrow vertical, well marked, its up
per margin marked by small tubercles continuing full 
width of orbit; lower margin formed of minute 
granules in a single or compound row, usually in two 
distinct rows internally, the continuing row ending 
just external to middle of orbit. Suborbital crenella-
tions low, rounded or flattened, close-set, increasing 
regularly in size toward orbit's outer angle; latter 
projects little or not at all; decreasing slightly, the 
crenellations continue around the angle along entire 
outer, lower edge of orbit. No trace of tubercles or 
granules on floor of orbit; blunt ridge in same local
ity scarcely developed. 

Major Cheliped. Merus with a single row of tuber
cles on antero-dorsal margin, increasing somewhat 
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in size toward distal end, where the last one or two 
tubercles are sometimes bicuspid; an irregular cluster 
of tubercles, highly variable in location and extent, 
on antero-distal surface; ventral margin with an ir
regular row of tubercles; adjacent, submarginally on 
posterior surface, are several other rows of smaller 
tubercles. Center of palm with minute, scattered 
granules. Depression at pollex base clearly trifid. 
Pollex and dactyl marginally and externally with 
tubercles and fine granules extending practically to 
their tips; included are pollex tubercles in a regular 
row along proximal third of ventral margin, and 
just below gape. Outer side of dactyl with subdorsal 
furrow very short. Outer side of pollex also with a 
short furrow proximally, below regular outer furrow 
and above ventral margin. In gape, an enlarged sub-
median tooth, often compound, on pollex; at least 
one enlarged tooth on dactyl's proximal half. 
Forceps-like tip of chela strongly developed, the 
proximal tooth of the forceps series in both pollex 
and dactyl notably enlarged. No submarginal carina 
on outer distal part of pollex. 

Minor Cheliped. Merus with dorsal and postero-
ventral margins with well developed, separated ser
rations; carpal ridge faintly discernible; dactyl groove 
and ridges absent. Palmar setae in a row. 

Ambulatories. Merus: All notably expanded. Antero-
ventral and postero-ventral ridges well developed in 
usual relative strengths; serrations on antero-ventrals 
relatively strong and close-set except on 1st leg 
where they are wide apart; serrations on postero-
ventrals well separated on 1st, regular and scarcely 
separated on 2nd and 3rd, minute on 4th. Carpus: 
1st, 2nd, and 3rd legs with well developed anterior 
and posterior ridges, 4th leg with anterior only; all 
ridges serrated; strongest ridges and serrations are 
the posterior on 1st and 2nd and anterior on 3rd; 
area between ridges definitely rugose. Posterior ridge 
strong and tuberculate on 2nd and 3rd legs, major 
and minor sides. 

Gonopod. Inner process flat and moderately broad 
but with tip pointed; both flanges virtually absent dis-
tally beside pore; proximally they are traceable, the 
posterior being the broader; both are in the form of 
thickened struts. Pore very wide, its overlapped mar
gins distinguishable. 

FEMALE 

No bumps, clustered tubercles or tuberculate striae 
on carapace behind postero-dorsal margins. No 
tubercles or granules on floor of orbit. Gape of minor 
cheliped with a pair of enlarged teeth at least on one 
side and usually on both. Merus of 4th ambula
tory moderately enlarged, its dorsal margin clearly 
convex throughout; no pile along the segment's pos

tero-ventral margin. Gonopore triangular, the angles 
being directed internally, posteriorly and antero-
externally. Rim present except on each side of inner 
apex; highest part at posterior angle; a secondary 
peak at antero-outer angle. Gonopore depression in 
sternum shallow. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male (Singapore) 20.0 33.0 54.0 37.0 
Moderate male 

(Penang) leptochelous 14.0 23.0 34.0 23.0 
(Penang) brachychelous 17.0 26.0 34.5 20.0 

Largest female 
(Negri Sembilan) 15.0 24.0 

Ovigerous female 
(Negri Sembilan) 13.0 20.0 

Morphological Comparison and Comment 
U. forcipata shares a complete forceps-like develop
ment on the chela only with rosea, its frequent sym
pat ic associate on the west coast of Malaya. From 
rosea, as well as from acuta, dussumieri, and demani, 
it is easily distinguished by its gonopod, which has 
the flanges vestigial and the genital opening large; it 
also differs from rosea and dussumieri in having one, 
not two, long grooves on the major dactyl, and from 
demani in lacking tubercles on the orbit's floor. The 
meri of the last ambulatories are much broader than 
in dussumieri. It differs from 2 members of its super-
species, coarctata and urvillei, in having vestigal 
flanges on the gonopod, instead of none, and a cor
responding absence of a tubular distal canal, and in 
having the inner process flat, not spinous; also, 
there is a complete absence of tubercles on the orbit's 
floor. The female's gonopore, which lacks a rim on 
its outer side, differs distinctly enough from those of 
the species named above. U. forcipata differs from 
the remaining member of the superspecies, arcuata, 
its neighbor to the north, in the wide genital opening 
combined with vestigial flanges, arcuata having a nar
rower opening and a broad posterior flange; forcipata 
also has narrower ambulatories than arcuata. 

The length of the antero-lateral margins as usual 
in this group varies considerably within populations. 
In forcipata a slight geographical trend is apparent. 
The individuals with these margins best developed 
were taken in the northern part of the species range, 
closest to that of arcuata, on the west coast of Pala
wan; those with the shortest margins occurred in 
western Malaya. 

Another somewhat variable characteristic is the 
width of the vestigial posterior flange on the gono
pod; fortunately, the amount of variation is never 
such that forcipata can be confused with any other 
species. 
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Color 
The outstanding color characteristics of this species 
are as follows: a sporadic distribution of bright red, 
except on large males; the occasional prevalence of 
bright red eyestalks and eyes; the reliable presence of 
a purplish spot on lower, outer part of major manus 
in mature males; the occasional marbling of the cara
pace with yellowish. 

Adults of both sexes with carapace ranging from 
plain dark to solidly and finely mottled or marbled 
with yellow, cream, or pale yellowish gray, especially 
antero-dorsally. Mature females sometimes addition
ally with a wide border of bright scarlet or rusty red 
across full width of antero-dorsal part of carapace, 
while some or all of the following regions may also 
be partly or wholly bright red: pterygostomian re
gions, ischium of 3rd maxilliped, both chelipeds, all 
ambulatories; the latter appendages sometimes pale. 
Mature male with a spot or patch on lower outer 
manus, often extending onto pollex, ranging from 
clear purple to dull purplish red or bluish brown; up
per part of manus usually pale brownish; chela yel
lowish or white, at least distally. Both sexes and all 
ages with eyestalks, or the globular eyes, or both, 
often bright red; whether this coloration is restricted 
to certain populations, or to individuals at certain 
seasons, is not known. Young crabs of both sexes 
have more red than do adult females, in varying and 
irregular amounts and positions, including often a red 
spot on major merus. Early post-megalopal stages 
are entirely red. 

S O C I A L B E H A V I O R 

Waving Display 

Only a few individuals were observed while they were 
performing courtship displays at high intensity. Wave 
vertical; chela reaching at most scarcely beyond level 
of eye; 3 jerks on upstroke, 1 on downstroke. In be
tween these jerking displays were single, short waves 
of small amplitude, characteristic of lower intensities; 
unlike their equivalents in the high intensity displays 
of coarctata, these short waves did not diminish suc
cessively in height; instead, they were very similar to 
those found in arcuata (p. 46). During low inten
sity and during a filmed example of moderately in
tense threat, the carapace was raised in a leg-stretch 
of intermediate height, while the cheliped was slightly 
raised and lowered, without jerks, 3 to 4 times in a 
series; during each series the manus did not touch 
the ground. Upstrokes in both kinds of waves longer 
than downstrokes. In the very young the cheliped 
appeared to bounce against the ground in very fast, 
short displays; since no films were secured showing 
whether the ground was actually hit, these juvenile 

displays are not included in the table of acoustic com
ponents. Waving rate: high intensity, jerking waves, 
more than 0.5 wave per second; moderate intensity, 
simple waves, more than 1 wave per second. (Wav
ing components: 1, 2, and, at low intensity, 11; tim
ing elements: Table 19, p. 656.) 

Precopulatory Behavior 

A number of incomplete courtships were observed, 
most of them not preceded by waving display. In
stead, each time a male simply stopped feeding and 
moved toward a nearby female, attempting to climb 
on her as usual as she sat beside her own burrow, 
and stroking her carapace with his ambulatories; no 
tapping or plucking motions were seen. Twice the 
female was on top of a chimney surrounding her 
hole. Courtships were not confined to females with 
chimneys. 

Chimney Construction 

Chimneys, about the height of mature females, oc
curred sporadically, and were apparently confined to 
females' burrows, although the evidence is scanty. 
One female while excavating placed some of the sub
strate on the chimney's already high rim, then car
ried the rest of the load 6 inches away. 

RANGE 

U. forcipata is the characteristic representative of its 
superspecies only in the western part of the Malay 
Peninsula, Singapore, Sarawak, and Thailand. South, 
east, and north of that area it occurs sporadically in 
a general range otherwise inhabited by U. coarctata 
coarctata; these localities are in Borneo, Sumatra, 
Java, Celebes, and the Philippines. Two specimens 
(USNM 93283, part), labeled "Tuan Atoll, Tuamotu 
Archipelago," were probably taken in the Philippines 
(see p. 41) . 

BlOTOPES 

Muddy banks, sloping or steep, near mouths of 
streams and rivers, and associated protected flats and 
swamps. Always near vegetation and sometimes part
ly shaded. Characteristically the species extends far
ther upstream or in mangroves back from the shore 
than any other Deltuca within its range, with the ex
ception of its consuperspecific coarctata and, some
times, rosea; it is not, however, confined to those less 
saline regions. (Biotopes 12, 13, 14.) 

SYMPATRIC ASSOCIATES 

The most common associate of forcipata in Malaysia 
is dussumieri spinata; in Indonesia, beyond this 
heartland of its range, d. spinata also is found with it, 
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instead of d. dussumieri, in the restricted areas where 
forcipata sometimes replaces c. coarctata. From per
sonal field experience I know only one place, the 
neighborhood of Surabaja in Java, where both forms 
occur in this fashion, outside their regular ranges; 
there I saw and collected only d. spinata and forci
pata; other localities have come to light in museum 
collections. I have not yet found evidence, except 
perhaps in the central Philippines, that both forcipata 
and coarctata occur in actual close sympatry; a field 
study of the populations in Negros Occidentalis, 
Samar, and Panay should yield most interesting re
sults. The odd distribution pattern seems certainly 
to be connected with the geological history of the 
Sunda Shelf area and orogenic activity in adjacent 
regions. 

U. forcipata is also sometimes closely sympatric 
with rosea on the west coast of the Malay Peninsula, 
as well as, in Sarawak and Singapore, with acuta 
rhizophorae. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 594.) 

Observations and Collections. Malaysia: Penang and 
Negri Sembilan; observations but no collections in 
Sarawak. Singapore. Indonesia: Near Surabaja. 
Philippines: Palawan. 

Film. Singapore. 

REFERENCES AND SYNONYMY 

Uca (Deltuca) forcipata (Adams & White, 1 

Gelasimus forcipatus 

NAME ONLY. White, 1847: 36. Borneo. 

TYPE DESCRIPTION. Adams & White, 1848: 50. (BM 
!) 

? de Man, 1892: 306. Sumbawa. Taxonomy. 
Milne-Edwards, 1852: 147. Copy of type descrip

tion. 
Kingsley, 1880.1: 142 (part). Taxonomy. 

Gelasimus acutus (not of Stimpson, 1858) 

de Man, 1891: 21, 30 (part); no locality given. 
Taxonomy. 

de Man, 1892: 306. ? Sumatra & Celebes. Taxon
omy. 

de Man, 1895: 573. Part of queries. (Amsterdam 
!) 

Lanchester, 1900.1: 753. Singapore. Habits. Color. 

TYPE MATERIAL AND NOMENCLATURE 

Uca forcipata (Adams & White, 1848) 

HOLOTYPE. In British Museum (Natural History), 
London. One male, labeled: "Gelasimus forcipatus 
Adams & White, 1848 Holotype Borneo 44.106 
447b Note: Specimen 447a having disappeared I 
select this as holotype. (W. T. Caiman 15/12/11) ." 
Specimen dried, in good condition. Relaxed for 
study. Measurements in mm: length 10.5, breadth 
17, propodus 23. 

In spite of its rather small size, the specimen is 
characteristic of forcipata as described in this con
tribution. Although the locality "Borneo" could ap
ply equally well either to forcipata or to coarctata 
.coarctata, the gonopod, orbital floor, tuberculation 
of the outer major manus, and armature of the major 
chela's gape all agree with specimens from Penang 
and Singapore rather than with populations of coarc
tata coarctata from Fiji, Australia, and parts of the 
Philippines where the two species do not adjoin. 

Type material of Uca manii Rathbun, 1909: Lem 
Ngob, Thailand. The series deposited in both Copen
hagen and the USNM (no. 39714) were examined, 
including a male of the latter species compared by 
Caiman with the holotype of forcipata. I agree with 
Caiman on the synonymy of the type series of manii 
with forcipata. 

848) 

Uca acuta (not Gelasimus acutus of Stimpson) 
Nobili, 1903.1: 21. Borneo: Samarinda. Taxon

omy. (Torino !) 
Maccagno, 1928: 19. Nobili specimen. Taxonomy. 

Gelasimus rubripes 
Estampador, 1937: 545 (part). Philippines: Zam-

boanga. Questionable locality; see Appendix A: 
Material Examined. (BM 84.31 !) No new material. 

Uca manii 
Rathbun, 1909: 114. Siam: Lem Ngob. Man

groves. Type description. (Copenhagen !; USNM !) 
Rathbun, 1910: 322. Siam. Mangroves. 
Tweedie, 1937: 143. Pleopod fig. Malaya. 
Suvatti, 1938: 74. Siam: Lem Ngob. 
Tweedie, 1950.1: 356. Labuan & Sarawak. Tax

onomy and Ecology. 
Crane, 1957. Singapore. Preliminary classification 

of waving display. 



52 

7. UCA (DELTUCA) [COARCTATA] COARCTATA (MILNE-EDWARDS, 1852) 

(Tropical central and eastern Indo-Pacific) 

PLATES 6 E-H; 7; 8; 46 C-D. 

FIGURES 6, 9 B; 26 A; 29 A; 31 A; 36 £; 37 C; 38 M-T; 

46 C; 62 ,4-D; 81 D; 82 H; 92; 98. 
MAP 19. 
TABLES 8, 10, 12, 14, 19, 20, 23. 

INTRODUCTION 

Wherever it occurs, this species is the most colorful 
crab in sight. It is usually marked conspicuously with 
scarlet and often with white and blue as well, the 
combination being set off by a black carapace. 

In coarctata, a consuperspecific of forcipata, the 
chela is equipped only on the dactyl with a hook-like 
projection, the upper half of the forceps-like speciali
zation found in complete form in forcipata. In the 
eastern subspecies of coarctata the dactyl's projection 
is especially strong, with the pollex end always clear
ly slender. This combination distinguishes the crab 
at once from forcipata, an occasional inhabitant of 
the same general region. As far as we yet know, these 
species are never actual sympatric associates. The 
point needs particular attention in the central Philip
pines, where the two species have been taken on the 
adjacent islands of Panay and Negros, the popula
tions almost facing each other across a narrow strait. 

MORPHOLOGY 

Diagnosis 

Major chela with a tuberculate, hook-like projection 
distally on dactyl only, strong or weak; any tubercu
late projection on pollex is submedian, not distal. A 
single groove running most of length of major dactyl. 
On orbit's floor is a short line of tubercles or of 
granules which in one subspecies are sometimes miss
ing. Gonopod with flanges altogether absent, the pore 
being at the end of a short to moderate tube; inner 
process spinous. Carapace with orbits distinctly 
oblique and with its sides converging strongly pos
teriorly. Eyes notably larger in diameter than stalks 
even in preserved specimens. Merus of 4th ambula
tory moderately expanded. Female gonopore with a 
large tubercle on postero-outer margin. 

Description 

With the characteristics of the subgenus Deltuca (p. 
21). 

MALE 

Carapace. Frontal groove of variable width and 
length; always narrow but never so narrow that its 
sides are almost in contact; sides always parallel or 
subparallel; fronto-orbital margins moderately to 
strongly oblique; antero-lateral angles moderately 
to strongly acute and produced; antero-lateral mar
gins practically or completely absent, being conver
gent immediately behind antero-lateral angle, the 
dorso-lateral margins in effect starting at the angle; 
the margin has several fine serrations starting im
mediately behind angle; behind these the margin, 
never strongly ridged, is armed only by minute beads, 
well separated and decreasing in size posteriorly to 
its end at level of mid-cardiac region. Vertical lateral 
margin weak but distinct and finely beaded through 
about three-fourths of way to dorsal surface. Eye
brow very narrow in depth, vertical or even directed 
posteriorly to form part of orbit's ceiling; well 
marked, its upper margin with small tubercles con
tinuing almost to antero-lateral angle; lower margin 
short, ending slightly but variably beyond middle of 
orbit; formed of minute granules, in a double or ir
regularly compound row internally, regularly single 
beyond. Suborbital crenellations low, flattened, and 
indistinct except externally, where they are some
what larger, rounded and separated; orbit's outer 
angle projects slightly as a right or obtuse angle; 
several weak crenellations or irregularities present 
beyond angle along outer, lower edge of orbit. A 
short row of granules or small tubercles present or 
absent on floor of orbit just behind margin; their 
distribution, size, and number highly variable, both 
within and among populations; a short low, blunt 
ridge distinguishable in same region. 

Major Cheliped. Merus with a row of tubercles on 
antero-dorsal margin all small except distally, where 
several are enlarged, the distal being sometimes bi- or 
tricuspid; two or more tubercles, highly variable in 
number, size and arrangement, on antero-distal sur
face; ventral margin with a row of small tubercles; 
adjacent, submarginally on posterior surface, are sev
eral other rows, less regular, of smaller tubercles, 
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while the entire posterior surface is covered more 
densely than usual in the subgenus with small tuber
cles. Tubercles of outer manus smaller, especially in 
c. coarctata, than in the other species of the super-
species, and are scarcely larger at base of pollex than 
elsewhere on manus. Center of palm with minute 
scattered granules. Depression at pollex base clearly 
trifid. Outer side of dactyl with subdorsal furrow very 
short, indistinct. Pollex and dactyl externally prac
tically smooth except proximally. In gape, pollex of 
brachychelous individuals with an enlarged sub-
median tooth; dactyl with one enlarged tooth proxi
mal to middle. Forceps-like tip of chela always 
strongly developed on dactyl, sometimes on pollex as 
well; pollex, however, usually tapers to its upturned 
tip without any enlarged teeth subdistally. No sub-
marginal carina on outer distal part of pollex. 

Minor Cheliped. As in forcipata (p. 49), except 
that dactyl groove and ridges are sometimes distin
guishable. 

Ambulatories. Merus: As in forcipata, except that 
serrations are much smaller on both antero-ventral 
and postero-ventral margins. Carpus: 1st leg with 
postero-dorsal ridge only; 2nd with antero- and pos-
tero-dorsal; 3rd and 4th with antero-dorsal only; all 
ridges weakly serrate, the dorsal surfaces slightly 
rugose. Posterior ridge present on 2nd leg only, or 
absent. 

Gonopod. Inner process spinous, either not ap-
pressed closely to tubular end of shaft or bent ante
riorly and closely appressed; pore wide, its over
lapped margins distinguishable; thumb of moderate 
length, subdistal or with tube extending well beyond 
it; flanges absent. 

FEMALE 

Carapace usually with a few slightly enlarged 
tubercles, more or less in linear formation, extending 
posteriorly between end of postero-dorsal margins 
and base of last ambulatory. A short row of tubercles 
always present on floor of orbit in one subspecies, 
represented if at all by granules in the other; their 
number and variability about as in males. Gape of 
minor cheliped with a pair of enlarged teeth at least 
on one side and usually on both. Merus of 4th ambu
latory moderately enlarged, its dorsal margin clearly 
convex throughout; no pile along the segment's pos-
tero-ventral margin. Gonopore marked conspicuous
ly with a large tubercle that takes up the entire 
postero-outer margin and overhangs the orifice; re
mainder of pore without sharp angles, either rimless 
or with a low rim at least anteriorly and antero-inter-
nally. Gonopore depression in sternum small, rang
ing from slight to moderate in depth. 

Measurements (in mm) 
The two subspecies usually differ in size, c. coarctata 
being smaller in the best known populations, in the 
Philippines and Fiji, although large individuals were 
taken in Cairn, northeast Australia. The following 
examples illustrate more typical differences: 

Length Breadth Propodus Dactyl 

coarctata coarctata 
Largest male 

(Zamboanga) 14.0 26.0 43.0 31.0 
Moderate male 

(Zamboanga) 12.0 20.5 27.0 19.0 
Large female 

(Zamboanga) 13.0 20.0 
Large ovigerous 

female (Fiji) 11.0 17.0 
Holotype female of 

U. mearnsi 
(see p. 55) (Davao) 14.2 21.2 

coarctata flammula 
Large male (longest 

claw) (Broome) 
Longest male (Broome) 
Moderate male 

(holotype) (Darwin) 
Largest female 

(Broome) 
Moderate female 

(Darwin) 

21.0 
23.5 

16.0 

25.0 

14.5 

34.5 
36.5 

26.0 

38.0 

22.0 

69.0 
67.0 

40.5 

-

-

54.0 
49.0 

27.0 

-

-

Morphological Comparison and Comment 

Uca coarctata differs as follows from the species with 
which it associates sympatrically, or with which its 
range may sometimes coincide: from dussumieri and 
demani by the tubular gonopod, without flanges, and 
by the concave, hook-like structure on the dactyl; 
additionally from dussumieri by always having tuber
cles or at least granules on the orbital floor and one, 
not two, long grooves on the major dactyl: addition
ally from demani by the relatively poor development 
of tubercles on orbital floor; from forcipata by hav
ing the hook-like structure developed on the dactyl 
alone, by the absence of vestigial flanges on the gono
pod and by the reliable presence of tubercles on the 
orbit's floor in all parts of the general range of both 
species where their distributions approach each other. 
The female's gonopore in coarctata differs from that 
of all other Deltuca in having a large tubercle on the 
postero-outer margin. 

U. coarctata's shorter gonopod tube and shorter 
row of tubercles on orbital floor set it off from urvillei 
in the west; its lack of flanges distinguish it at once 
from the remaining members of Deltuca—acuta, 
rosea, and arcuata—all of which have other ranges, 
as well as from species of the subgenus Thalassuca. 

Possible confusion with species of the subgenus 
Australuca is avoided through the shortness of the 
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gonopod tube, the relatively poor development of 
tubercles on the orbital floor, the different shape of 
both front and minor chelae, the lack of a large 
tuberculate projection on the major pollex, and the 
presence of strong grooves on both dactyl and pollex. 

The eyes, even in preservative, are notably large 
in comparison with the stalk, as in other members of 
the superspecies coarctata and in rosea. 

Color 

A vivid species, notable for striking markings that 
always include red and often one or more additional 
colors ranging from white to yellow and blue. Cara
pace basically black; lower major manus red. Aside 
from these two characteristics, variation is extensive 
among individuals in single populations. Unlike some 
other Deltuca, males, females, and immature crabs 
are similarly colored, with little tendency for the male 
to be less strikingly marked. Details of color ranges 
are given in the subspecies descriptions. 

SOCIAL BEHAVIOR 

Waving Display 

Wave vertical, with some tendency toward a semi-
unflexed wave. Upper edge of dactyl reaching at 
most, and rarely, scarcely above tip of eye. Jerks 
present on upstroke only and only at high intensities. 
The waves are then in series, a relatively high, jerk
ing wave being followed by one or more lower waves 
of diminishing height, with jerks weak or absent. Up
strokes always longer and more variable in duration 
than downstrokes. At highest intensity the body is 
sometimes raised slightly in front on the ambulatories 
and tilted down posteriorly, through bending of the 
last pair of legs. Waving rate: 0.3 to 1.2 per second. 
(Waving components: 1, 2, 3 and, weakly, 10; tim
ing elements: Table 19, p. 656.) 

Precopulatory Behavior 

Male approaches female, with or without waving. 
For the single observed exception, where, between 
normal copulations by her burrow, the female ap
proached the male, see the section on unusual be
havior, p. 506. Stroking of female's carapace by male 
ambulatories, and plucking motions from it by his 
minor cheliped, usual in both subspecies. 

Chimney Construction 

Occurrence of chimneys sporadic, most examples be
ing very small, and their inhabitants juveniles of 
either sex measuring less than 10 mm in length. Only 
one chimney was seen in c. flammula, the Western 
Australian subspecies, and one in Fiji, the eastern 

boundary of c. coarctata. In the Philippines, on the 
contrary, chimneys were fairly common. 

Acoustic Behavior 
Leg-wagging (component 5) is the only component 
noted at the surface. Films only. Underground 
sounds were recorded on tape in Fiji. 

Combat 

Manus-pushes and manus-rubbing (component 1) 
filmed. 

R A N G E 

U. coarctata ranges from Sumatra to the Fiji Islands 
and from northwest Australia to the northern Philip
pines. It is absent from the Asian mainland. The two 
subspecies are distributed as follows. U. c. coarctata: 
Sumatra and other parts of Indonesia; Philippines; 
parts of western New Guinea; eastern New Guinea; 
northeast Australia south to Moreton Bay; New Cale
donia; Fiji. U. coarctata flammula: northwest Aus
tralia and parts of western New Guinea. One male 
(USNM 19662), labeled "Tahiti," was almost cer
tainly collected elsewhere. Two other locality rec
ords are undoubtedly erroneous: Odessa (see p. 
55) and near Lissa, in the Adriatic (Stossich, 1877: 
190). 

BlOTOPES 

As in forcipata (p. 50). (Biotopes 12, 13, 14.) 

SYMPATRIC ASSOCIATES 

In rich localities in the Philippines, c. coarctata oc
curs often in close sympatry with d. dussumieri and 
d. demani, although it occupies in general higher 
levels of the shore. Elsewhere it is either the only 
Deltuca, as in Fiji, or else all the large populations 
occupy stream banks in the more inland reaches of 
the mangroves, as does c. flammula near Darwin and 
Broome, where no other Deltuca is found. As usual 
in Uca, however, there are sympatric zones of coin
cidence close to shore, particularly with d. dussu
mieri or d. capricornis, depending on the subspecies 
of coarctata involved. For the possible close associa
tion of c. coarctata with forcipata, and their patch
work distribution in Indonesia and the Philippines, 
see under forcipata, p. 51. The known distribution 
of c. coarctata and c. flammula in the western part 
of New Guinea indicates a similar situation. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 594.) 
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Observations and Collections. U. c. coarctata: Aus
tralia: Queensland: Gladstone. New Caledonia: 
neighborhood of Dumbea River, near Noumea. Fiji: 
Viti Levu. Territory of Papua and New Guinea: 
near Madang. Philippines: Mindanao: Zamboanga; 
west coast, Gulf of Davao; Luzon: near Manila. U. c. 
flammula: Australia: Darwin; Broome. 

Film. Fiji; Philippines: Zamboanga and neighbor
hood of Sasa. Australia: Darwin. 

Sound Recordings. Fiji. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca coarctata (Milne-Edwards, 1852) 

LECTOTYPE and Associated Material. In Museum 
National d'Histoire Naturelle, Paris. One male, 
selected by J. Crane from a group listed by the 
museum as "types non specifies," with the following 
label: "Gelasimus coarctatus, Edw. M. Nordmann. 
Odessa." The box contained 2 males and one female, 
all dried; they were relaxed for study. The individual 
designated the lectotype has the following measure
ments in mm: length 13; breadth 23; propodus 35; 
dactyl 21. The gonopod drawn (Fig. 9 B) is from the 
lectotype; the cheliped photographed (PI. 7, / and / ) 
is from the 2nd male, with a carapace measuring 
11 mm. All 3 specimens are in poor condition, and 
at least one was apparently caught when newly 
molted. Some of the lectotype's legs are wired on. 
The locality given, Odessa, is clearly an impossible 
habitat for this or any other Uca, because of the 
early date at which the Black Sea region was blocked 
off from Tethys. Yet the specific characters of the 
species and even of the subspecies are intact, and, 
whatever the explanation of the label's error, it oc
curred before Milne-Edwards published his descrip
tion. 

The identity of the small female associated with 
the 2 males, and of a 2nd small female, legless, 
mounted upside down in another box, and similarly 
labeled, should remain unsettled. 

Uca coarctata flammula subsp. nov. 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137676. Australia: Darwin. Collected by J. Crane. 
Measurements on p. 53. 

Named in reference to its striking red markings. 
(From the Latin noun flammula, "a little flame.") 

Type Material of Uca rathbunae Pearse, 1912.1. Ap
parently not extant. Two males (no. 43040) from 
Manila, Philippine Islands, the type-locality, are de
posited in the Smithsonian Institution, National Mu
seum of Natural History, Washington, collected and 

identified by Dr. Pearse and presented by him to the 
museum. I have found no trustworthy characters by 
which this Philippines form of the superspecies coar-
tata can be distinguished from examples of c. coarc
tata occurring elsewhere, either from examination of 
these and other specimens from the Philippines, or 
from the type description and figures. (!) 

Holotype of Uca mearnsi Rathbun, 1913. In Smith
sonian Institution, National Museum of Natural His
tory, Washington. A large female, the unique speci
men (no. 43383) from Davao, Philippine Islands. 
This specimen is only questionably referred to U. 
coarctata, since the gonopore is apparently distorted 
by a large spermatophore and the orbits are practi
cally straight. In making the tentative identification, 
the sex and size of the specimen were taken into ac
count in disregarding the unusual direction of the 
orbits. More material in an adequate size range will 
be needed for certainty in synonymizing U. mearnsi. 
Measurements on p. 53. (!) 

Type Material of Uca ischnodactylus Nemec, 1939. 
In Field Museum, Chicago, from the Fiji Islands. 
Type not seen. Paratype (no. 99261) in Smithsonian 
Institution, Washington. (!) I am also familiar 
through field work and collections with the Fijian 
representative of the superspecies coarctata. There 
appears to be no reason for distinguishing it by any 
formal designation from more western populations of 
coarctata coarctata. 

Uca (Deltuca) [coarctata] coarctata 
coarctata (Milne-Edwards, 1852) 
(Indonesia and the Philippines south to 

New Caledonia and east to the Fiji Islands) 

M O R P H O L O G Y 

With the characteristics of the species. 
Differs as follows from coarctata flammula. Cara

pace with orbits distinctly oblique. Tubercles always 
present on floor of orbit. Major dactyl with tubercu-
late, hook-like, distal projection large and well 
formed. Genital pore at end of a short tube, the inner 
process not bent anteriorly. 

Color 

In spite of complex patterns and great variability, the 
general impression given by this subspecies com
presses to a dark crab with light spots, red claw, and 
scattered accents of red, white, blue, and sometimes 
yellow. 
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Mature crabs of both sexes are similar and differ 
little from the young, except that as usual in Deltuca 
the female tends to retain more spots longer than 
does the male; unlike jorcipata and dussumieri, how
ever, adult males are about as brightly colored as 
females and young. The most frequently occurring 
patterns are as follows. 

Carapace antero-dorsally sometimes with a broad 
band across its entire width, ranging from shining 
white through pale yellow to orange or scarlet; some
times a white spot occurs behind the band. More 
often there is no band, but only one or more spots, 
ranging from polished, pure white to cerulean blue; 
when at their maximum development one spot occurs 
on each large region of the carapace except the 
hepatic—namely, at base of antero-lateral angle and 
on gastric, branchial, cardiac, and intestinal regions. 
A frequent arrangement shows one spot each on gas
tric and cardiac regions plus the branchial pair, giv
ing a diamond formation. Any or all of the following 
anterior regions of the carapace may be white, blue, 
or scarlet: around antero-lateral angle, orbits, sub
orbital and pterygostomian regions, and 3rd maxil-
lipeds. Major and minor chelipeds sometimes both 
largely orange red, inside and out; outer, lower, 
major manus and at least base of pollex always bright 
scarlet; upper manus, dactyl, and distal pollex usual
ly polished white. Ambulatories usually brownish, 
sometimes bluish; white spots present or absent in a 
variety of combinations, but frequently with a single, 
large spot on posterior side of each 4th merus. 

Post-megalopal young, up to a length of about 
6 mm, in Zamboanga translucent yellow with orange 
legs; since a male was reared to the point where 
mature characters were developed in the Trinidad 
crabbery, there was no question of identity, in spite 
of the wealth of related species in the Philippines; 
young of similar color filmed among adults of the 
species near Davao. In Fiji corresponding stages 
were entirely white; identification in the latter local
ity, where the young were locally abundant, was also 
reliable since the only other narrow-fronts reaching 
the islands are Thalassuca; at corresponding sizes 
their fronts and orbital margins are unmistakable. 

SOCIAL BEHAVIOR 

Waving Display 

During high-intensity courtship, in both the Philip
pines and in Fiji, 2 to 4 jerks occurred on the up
stroke of the primary wave in a wave complex, fol
lowed by the usual series of several secondary waves, 
each of which diminished in height. In the Philip
pines the secondary waves were much stronger than 
in Fiji, with the 1st, or the 1st and 2nd, sometimes 

also showing jerks. In the Philippines the entire series 
of secondary, diminishing waves was always a con
spicuous part of the display; several of these wave 
complexes were usually included in a series. 

At low and moderate intensities jerks were absent, 
the waves then being more or less equal in height and 
very low. At intermediate intensities a jerking, pri
mary wave was sometimes followed by several of 
these low waves of equal height, rather than by 
diminishing waves. 

Waving rate from 0.3 to 1.2 waves per second; 
jerking waves about 1 per second (Table 19, p. 656.) 

Uca (Deltuca) [coarctata] 
coarctata fiammula subsp. nov. 

(Northwest Australia; parts of west New Guinea) 

M O R P H O L O G Y 

With the characteristics of the species. 
Differs as follows from coarctata c. Carapace with 

orbits less oblique. Tubercles on orbit's floor repre
sented, if at all, by scattered minute granules. Major 
dactyl with tuberculate, hook-like distal projection 
weak, sometimes indistinct except by contrast with 
other species. Distal tube of gonopod longer, the in
ner process bent anteriorly. 

Color 

General color strikingly black and scarlet orange. 
Both sexes with carapace black, sometimes with a 

pair of spots, round or oval, white to pale orange, 
located on branchial regions or nearer the center of 
dorsal area; sometimes the spots are narrow, in the 
form of two short, longitudinal stripes. Orbits, 3rd 
maxillipeds, most of underparts and, in particular, 
both chelipeds and all ambulatories brilliant scarlet 
orange, except for white tips of major chela; even 
they are sometimes washed with pale orange. 

SOCIAL BEHAVIOR 

Waving Display 

Waves regularly serial, each combining a relatively 
high jerking wave with subsequent waves of dimin
ishing height in which jerks are questionable or clear
ly absent. Each series with 3 of the high, always 
jerking waves, combined with 2 or 3 diminishing low 
waves. The high waves all have 3 to 5 jerks on up
stroke only; the low waves may have up to 3 indis
tinct upward jerks. Waving rate of highest jerking 
waves from 0.4 to 0.7 wave per second. 
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R E F E R E N C E S A N D S Y N O N Y M Y 

Uca (Deltuca) coarctata 

(Mi lne -Edwards , 1 8 5 2 ) 

TYPE DESCRIPTION. See under U. (D.) coarctata 
coarctata, below. 

Uca (Deltuca) coarctata coarctata 

(Mi lne -Edwards , 1 8 5 2 ) 

? "A small Luzone Crab with a large fight claw." 
Petiver, 1767: PI. 78, Fig. 5. Philippines. [See p. 

326.] 

Gelasimus coarctatus 

TYPE DESCRIPTION. Milne-Edwards, 1852: 146. 
"Odessa"; see p. 55. (Paris !) 

Heller, 1863: 100. Copy of type description. 
A. Milne-Edwards, 1873: 272; fig. New Cale

donia. 
Haswell, 1882: 93. Listed in catalogue of Aus

tralian Crustacea, but no localities given. Taxonomy. 
de Man, 1891: 21, 31. Moluccas; Ponape. Tax

onomy. 
? de Man, 1892: 308. Celebes. Taxonomy. 
Nobili, 1899.2: 273. Andai, Borepata. 
Nobili, 1899.3: 517. Lelemboli. Taxonomy. 
Tweedie, 1937: 143. Sumatra: Simaloe I. Brief 

taxonomy. (BM !) 

Uca arcuata (not Gelasimus arcuatus de Haan) 

? Grant and McCulloch, 1906: 20. Northeastern 
Australia: Port Curtis. (This synonymy is suggested 
only on the basis of locality.) 

Uca rathbunae 

Pearse, 1912.1: 91. Philippines. Type description. 
Pearse, 1912.2: 113ff. Philippines. Habits. 
Ward, 1941.3. Philippines: Mindanao: west coast, 

Gulf of Davao. 
Crane, 1957. Philippines. Preliminary classifica

tion of waving display. 

? Uca mearnsi 

Rathbun, 1913: 616, PL 75. Philippines: Minda

nao: Davao. Type description. (USNM !) 
Estampador, 1959: 102. Listing of type. 

Uca coarctata 

Gordon, 1934: 11. Arroe Is. (Strait of Manoem-
baii). Taxonomy. (BM !) 

Macnae, 1966: 85, 89. Australia: Queensland 
(south to Moreton Bay). Color; ecology. 

Uca ischnodactylus 

Nemec, 1939: 107; Fig. 1. Fiji: Suva. Type de
scription. 

Crane, 1957. Fiji. Preliminary classification of 
waving display. 

Uca {Deltuca) coarctata flammula 
subsp. nov. 

Gelasimus arcuatus (not of de Haan) 

Haswell, 1882: 92. Northwestern Australia: Port 
Darwin. Taxonomy. 

Gelasimus dussumieri (not of Milne-Edwards) 

Haswell, 1882: 93 (at least part). Northwestern 
Australia: Port Darwin. 

Uca forcipata (not Gelasimus jorcipatus Adams & 
White) 

Rathbun, 1914.1: 661 (part). Western Australia: 
Monte Bello Is. Taxonomy. (USNM 46348 !; BM 
713.1.2 !) 

? Miyake, 1939: 222, 241. Micronesia: Palau Is.; 
Caroline Is. (Ponape). 

Uca dussumieri (not Gelasimus dussumieri Milne-
Edwards) 

Rathbun, 1924.2: 8. Western Australia: Broome. 
Taxonomy. (USNM 56419 !, 56420 !) 

Uca coarctata flammula 

TYPE DESCRIPTION. P. 56. 
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8 UCA (DELTUCA) [COARCTATA] URVILLEI (MILNE-EDWARDS, 1852) 

MAP 19. 
TABLES 8, 10, 12, 14, 19, 20, 23. 

(Tropical and subtropical western Indo-Pacinc) 

PLATE 9. 
FIGURES 7; 8 B, D; 9 D, E; 27 G, H; 38 C/-Z; 

62 £; 75; 98. 

INTRODUCTION 

This large blue fiddler is almost certainly the only 
Deltuca that reaches Africa. It lives characteristically 
in mangroves along streams well back from the shore, 
as do all the other members of its superspecies. In 
urvillei, however, its niche lies close to low-tide 
levels. 

In Natal and in Cape Province urvillei is exposed 
seasonally to chilly weather, although not to the ex
tent of that tolerated, through hibernation, by its 
northern consuperspecific, arcuata, in Japan. Since 
both species, without apparent morphological differ
ences, occur also in much warmer climates, compar
ative study of their range of physiological adaptations 
to temperature would be of special interest. 

MORPHOLOGY 

Diagnosis 

A single groove running most of length of major dac
tyl. On orbit's floor is a long line of well-developed 
tubercles. Genital opening at end of a long tube. 
Carapace with anterior margin practically straight; 
antero-lateral angles acute and produced. Female 
gonopore without tubercle on rim, which is low but 
distinct on three sides and absent internally. 

Description 

With the characteristics of the subgenus Deltuca (p. 
21). 

MALE 

Carapace. Frontal groove of variable width, always 
short and narrow; sides parallel or converging distal-
ly, never almost in contact. Fronto-orbital margins 
practically straight; antero-lateral angles strongly 
produced and acute; antero-lateral margins moder
ately long in larger specimens, convergent through
out their variable length before curving into the more 
strongly convergent dorso-laterals; anterolaterals 
with separated serrations throughout; dorso-laterals 
with ridge distinct, finely beaded, the beads diminish
ing in size posteriorly. Vertical lateral margin well 

developed, minutely beaded throughout, ending just 
below dorsal surface. Eyebrow vertical except inter
nally, where it is obliquely horizontal; upper margin 
marked by tubercles, smaller and set farther apart 
than serrations of antero-lateral margin, dying out 
near antero-lateral angle, absent close to front; lower 
margin formed of small, distinct, close-set tubercles, 
in two rows internally, the continuing row ending 
slightly external to middle of orbit. Suborbital crenel-
lations are abruptly larger, sometimes shallowly bifid 
or flattened; angle somewhat projecting, almost rec
tangular; minute crenellations or irregularities con
tinuing around angle along most of outer, lower edge 
of orbit. A long row of distinct tubercles always pres
ent on floor of orbit behind margin; although highly 
variable in number, size and extent, they generally 
occupy about the middle half or two-thirds of orbital 
breadth, and total about 9 to 16; they arise from an 
irregular blunt ridge. 

Major Cheliped. Merus with a row of tubercles on 
antero-dorsal margin, all small except distally, where 
several are enlarged, one or more of them sometimes 
bicuspid; one to a cluster of smaller tubercles, highly 
variable, on antero-distal surface; ventral margin 
with up to several irregular rows of small tubercles; 
additional rows of smaller ones adjacent on posterior 
surface which, more dorsally, has irregular, oblique, 
curving, compound rows of granules or incipient 
rugosities. Center of palm with minute scattered 
granules. Depression at pollex base relatively broad 
and shallow, but trifid character apparent. Outer side 
of dactyl with subdorsal furrow very short, indistinct; 
on pollex in larger specimens a short, proximal 
groove sometimes present below regular lateral 
groove. Pollex and dactyl externally practically 
smooth except proximally. In gape, pollex of brachy-
chelous individuals with an enlarged, submedian 
tooth; dactyl with enlarged teeth submedially in 
brachychelous, subdistally in leptochelous individu
als. Forceps-like tip of chela scarcely or not at all 
indicated. No submarginal carina on outer distal part 
of pollex. 

Minor Cheliped. As in forcipata (p. 49) , except 
that lower dactyl ridge is always distinct, although 
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upper ridge and intervening groove are weak or 
absent. 

Ambulatories. As in coarctata. 

Gonopod. Inner process very short, moderately fiat 
and narrow but not notably spinous, not reaching 
free base of external tube of shaft; flanges absent, 
the pore at tip of an elongate, strongly calcified tube, 
its overlapped margins distinguishable throughout its 
length; thumb usually of moderate length, reaching 
base of tube, but sometimes reduced or vestigial and 
sometimes much enlarged, reaching halfway to tip 
of tube. 

FEMALE 

Carapace with an irregular band of enlarged tuber
cles extending posteriorly between end of postero-
dorsal margin and base of last ambulatory, often in
cluding one or two tuberculate striae or lumps. A 
long row of tubercles on floor of orbit, in general 
more numerous than in male and often more regular. 
Gape of minor cheliped with a pair of slightly en
larged teeth at least on one side. Merus of 4th ambu
latory very wide, its dorsal margin clearly convex 
throughout; no pile along the segment's postero-
ventral margin. Gonopore without a tubercle on the 
rim, although a sharp, tubercle-like projection pro
trudes from the pore to varying extents in all the 
females at hand; all are from an actively breeding 
population in Pemba, and almost certainly the pro
jections are spermatophores; the necessary precise 
dissections have not been made; rim of gonopore low 
but definite, present on posterior, outer and anterior 
margins but absent along the internal edge of the 
rounded pore. Gonopore depression in sternum 
small, ranging from slight to moderate in depth. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

(All specimens from Pemba) 
Largest male 21.0 34.0 61.0 46.0 
Moderate male 15.5 25.5 36.5 23.0 
Largest female 

(ovigerous) 16.5 27.0 
Smallest ovigerous 

female 11.5 19.5 

Morphological Comparison and Comment 

U. urvillei differs notably from dussumieri, with 
which it has been most frequently confused, in hav
ing a long, slender, flangeless tube forming the distal 
end of the gonopod, instead of distinct flanges and 
no projecting tube; in having one, not two, long 
grooves on major dactyl; in the row of tubercles on 

floor of orbit; in the broad ambulatory meri; and in 
the absence of a rim on the gonopore's inner margin. 
It differs clearly from coarctata and forcipata, its 
nearest consuperspecifics to the east, in the much 
longer gonopod tube, in the long row of strong tuber
cles on floor of orbit, and in the straight antero
lateral margin, the orbits being scarcely or not at all 
oblique; in addition the female's gonopore lacks the 
large marginal tubercle of coarctata, but has a dis
tinct outer rim that is absent in forcipata. 

The form of the gonopod tube alone sets it off 
strongly from all other species of Deltuca. The paral
lel sides to the frontal groove, strongly tuberculate 
manus, lack of a triangular tooth on distal part of 
pollex, form of the minor chelae, and presence of a 
groove on major dactyl distinguish it easily from any 
member of the subgenus Australuca with which it 
might be confused, their gonopods being similar. 
Differs from species in Thalassuca in having long 
grooves on both dactyl and pollex, expanded meri 
on the ambulatories, and a tubular gonopod. 

Color 

Males and young largely a characteristic blue, rang
ing from soft, clear, violet blue to steel blue, quite 
different from the vivid cobalt found particularly in 
Malayan dussumieri, or of the greenish blue in Afri
can chlorophthalmus. 

Mature males with carapace, buccal region, dorsal 
parts of ambulatory meri and visible underparts en
tirely blue except that postorbital and antero-lateral 
margins of carapace are sometimes white. Major 
cheliped largely ochraceous to apricot brown, with a 
patch of clearer, brighter apricot usually present on 
outer, lower manus, sometimes extending onto pol
lex; major dactyl often white, the distal pollex less 
frequently. Females darker than males, unmarked, 
except for chelipeds which in small individuals are 
sometimes entirely bright red. Young males often 
with pale and dark blotches on the blue. Post-mega-
lopal stages of both sexes white. 

SOCIAL BEHAVIOR 

Waving Display 

Display among the simplest. Wave vertical, low, the 
upper edge of dactyl at maximum reaching to or 
barely above tip of eye. Jerks absent. Waves in series 
of 3, uncommonly 4, the manus not touching the 
ground between waves; series unpredictably far 
apart. Crabs often walk during displays. Waving at 
rate of slightly more to slightly less than 1 wave per 
second. (Waving component 1; timing elements: 
Table 19, p. 656.) 
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Precopulatory Behavior 

Numerous coverings of female by male were seen, 
the large majority not preceded by waving. Several 
males followed females briefly partway down the lat-
ter's burrows. No copulations observed. 

Chimney Construction 

Chimneys plentiful, apparently only around female 
burrows. Twice, however, when a male had reached 
the precopulatory stage and followed a female partly 
down her burrow, he added substrate from below to 
the chimney's rim; several times a female behaved 
similarly, though construction was usually with mate
rial brought from a distance. Both sexes, in excavat
ing, otherwise took the material from underground a 
few inches from the burrow, as usual, slinging it in a 
single direction. 

Acoustic Behavior 

A major-merus-rub (acoustic component 1) occurred 
just before a combat. A major-merus-drum (com
ponent 7) accompanied an attempt by a male to dig 
out another male, the appendages of the minor side 
being thrust down a neighboring burrow. Leg-wags 
(component 5) were common in females; twice they 
took place when unreceptive females stood in high-
rise positions (threat component 13) on their chim
neys during the approach of males. Females, also 
during high-rises, apparently performed leg-stamps 
(component 11) in confronting other females. Films 
only; no data on sound production. 

Combat 
The following components were filmed: manus-rub, 
dactyl-slide, heel-and-hollow (components 1, 6, 11). 

R A N G E 

East coast of Africa from Giumbo, Somalia, to Cape 
Province, South Africa (mouth of Umtata R. ) ; 
Madagascar; Karachi, Pakistan; western India. 

BlOTOPES 

In mangrove mud, sometimes partly shaded; well 
back from the sea but near low tide levels. (Biotopes 
8, 12.) 

S Y M P A T R I C A S S O C I A T E S 

Since no other Deltuca are known to share the range, 
urvillei has no sympatric associates in the strict sense 
of the term. Two species of other subgenera, chlor-

ophthalmus and lactea, characteristically occur with
in sight of urvillei, but on slightly higher ground; 
chlorophthalmus and urvillei often mingle along their 
lower and upper borders respectively. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 595.) 

Observations and Collections. Tanzania: Pemba, 
Zanzibar, and Dar-es-Salaam; August. Seen but not 
collected in Mozambique: Inhaca I.; September. 

Film. Pemba. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca urvillei (Milne-Edwards, 1852) 

LECTOTYPE. In Museum National d'Histoire Natu-
relle, Paris. Listed by the museum as a "type non 
specifie." Male, selected by J. Crane from a box con
taining this specimen and 2 females. Label inside 
box: uGelasimus urvillei Edw. M. M. Quoy & Gai-
mard Vanikoro"; label on box: "MM. Quoy & 
Gaimard." Specimens dried; in poor condition. Male 
alone relaxed for study. Measurements in mm: length 
11, breadth 18.5, propodus 17, dactyl 11.5. 

Although the specimen is small, with the propor
tions of the major cheliped indicating immaturity, 
the specific characters, including the unmistakable 
gonopod, are all clearly those of the Deltuca charac
teristic of East Africa. Yet "Vanikoro," the locality 
given on the label and in Milne-Edwards' type de
scription, was a stop in the New Hebrides on the 
Astrolabe expedition under Dumont d'Urville. It 
seems clear that labels were confused before com
pletion of Milne-Edwards' manuscript. 

Associated Material. The identity of the 2 females 
associated with the lectotype is unsettled. 

Type Material of Gelasimus dussumieri Milne-Ed
wards, 1852. The Malabar specimen listed by Milne-
Edwards in his description of G. dussumieri is an
other specimen of U. urvillei as defined in the 
present contribution. His Semarang specimen was 
designated on p. 35 as the lectotype of U. dussu
mieri. The gonopod of the dried Malabar specimen, 
when the latter was relaxed, again is unmistakable; 
although the thumb is short, it is apparently broken. 
It is possible that in western India the thumb is 
shorter than in African populations; specimens in the 
British Museum from Karachi, however, show 
thumbs of standard length. The left gonopod is more 
damaged than the right, except for the spinous inner 
process which shows well only on the left. Carapace 
length 17 mm. 
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REFERENCES AND SYNONYMY 

Uca (Deltuca) urvillei (Milne-Edwards, 1852) 

Gelasimus urvillei 

TYPE DESCRIPTION. Milne-Edwards, 1852: 148. 
"Vanikoro" [New Hebrides]. Locality name unques
tionably erroneous. (Paris !) 

Kingsley, 1880.1: 145. Description from type de
scription. 

Ortmann, 1894.1: 59. East Africa: Lindi, Dar-es-
Salaam. Color; habitat. 

Alcock, 1900: 362 (part). Pakistan: Karachi. 
Taxonomy. 

de Man, 1891: 34. Madagascar: Nossy-Faly. 

Gelasimus arcuatus (not of de Haan) 

Krauss, 1843: 39. South Africa: Natal Bay. 
Stebbing, 1905: 40. South Africa. 
Stebbing, 1910: 327. Annotated references. 
Stebbing, 1917: 15. Natal. Taxonomy. 

Gelasimus dussumieri (not of Milne-Edwards 1852, 
Semarang specimen) 

Milne-Edwards, 1852: 148 (part). India: Mala
bar specimen only (Paris !) 

Hilgendorf, 1869: 84; fig. East Africa: Zanzibar. 
Taxonomy. 

A. Milne-Edwards, 1868: 71. East Africa: Zanzi
bar. 

Hoffmann, 1874: 17; fig. (part). Madagascar: 
Nossy-Be. 

de Man, 1880: 68 (part). Madagascar. Taxonomy. 
Lens & Richters, 1881: 423. Madagascar. Taxon

omy. 

Pfeffer, 1889: 30. East Africa: Zanzibar. Habitat, 
de Man, 1891: 20, 26 (part). East Africa. Tax

onomy. 

Gelasimus acutus (not of Stimpson) 

Alcock, 1900: 360 (part). Pakistan: Karachi. 
Taxonomy. 

Uca dussumieri (not Gelasimus dussumieri of 
Milne-Edwards, 1852, Semarang specimen) 

Lenz, 1910: 559. East Africa: Zanzibar; Pemba. 
Brief taxonomy. 

Maccagno, 1928: 17 (part). Somaliland: Giumbo. 
Vatova, 1943: 24. Somaliland. 
Chapgar, 1957: 510; PL 14. Western India: 

Kolak; Umarsadi. Taxonomy. 

Uca urvillei 

Vatova, 1943: 24; fig., photo. Somaliland: 
Giumbo. Taxonomy. 

Barnard, 1950: 93; fig. South Africa. Taxonomy. 
Fourmanoir, 1953: 90. Madagascar: Near Canal 

de Mozambique. Color; ecology. 
Day & Morgans, 1956: 277; 305. South Africa: 

Durban Bay. Ecology. 
Macnae &Kalk, 1958: 40, 67, 125. Mozambique: 

Inhaca I. Color; general behavior; ecology. 
Macnae, 1963: 3, 7, 23. Mozambique (Inhaca I.) 

to Cape Province, South Africa (mouth of Umtata 
R.) . Ecology. 

Crosnier, 1965: 110; figs. Madagascar. 
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II. AUSTRALUCA SUBGEN. NOV. 

Typus: Gelasimus bellator Adams & White, 1848 

(Tropical Indo-Pacific: West Java to New Guinea; Philippines to 
Queensland and Western Australia) 

PLATES 10-12. 
GONOPOD DRAWINGS: FIGURE 62 (part). 
DENDROGRAMS: FIGURES 96, 97. 

MAPS 3, 4. 
TABLES 1, 8, 10, 12, 19, 20. 

MORPHOLOGY 

Diagnosis 

XJca with front narrow, differing most clearly from 
the related subgenus Deltuca as follows. One postero
lateral stria always represented at least by a pro
tuberance, instead of occurring only rarely in males 
and occasionally in females; a ridge, often with tuber
cles or granules, always, not sometimes, present on 
orbit's floor. Major cheliped with merus having an 
antero-dorsal crest, but no distal enlarged tooth; 
manus outside moderately to very smooth, never 
roughened by large, well-separated tubercles; its 
largest tubercles near dorsal margin, never around 
pollex base; pollex without a long lateral furrow and, 
in distal half, with a large, triangular projection or a 
single large tubercle; major dactyl never with a sub-
distal hook or projection, so that the chela never has 
a forceps-like tip. Minor cheliped in both sexes with 
teeth almost always unusually large for the genus, 
with one or more on each finger further enlarged. 
Gonopod tip always, not sometimes, a produced 
tube. (Table 1.) 

Description 

With the characteristics of the genus (p. 15), and 
with the following differences from Deltuca. 

MALE 

Carapace. Tip of front pointed, or only minutely ex
cavate, instead of clearly bifid; front's central de
pression starting farther back from tip, the margins 
diverging moderately to widely, instead of being 
sometimes parallel or nearly so. Fronto-orbital mar
gins moderately oblique, never strongly or scarcely. 
Antero-lateral margins always distinct, instead of 
sometimes; a single postero-lateral stria always pres
ent, represented variously by a short, raised line, a 
tubercle surmounting a small protuberance or only 

by a protuberance; in Deltuca the homologous struc
ture rarely occurs at all. 

Eyebrow extremely narrow to practically absent, 
in general less well marked than in Deltuca, although 
longer; always strongly vertical. Floor of orbit al
ways, not sometimes, with a ridge, often tuberculate 
or granulate. Suborbital crenellations weak to absent 
except near outer angle, where they are almost al
ways at least present, sometimes fairly strong. 

Major Cheliped. Merus with antero-dorsal margin 
always with a strong distal crest, never found in Del
tuca, with or without tubercles or serrations. Carpus 
with dorsal margin strongly bent over, with three or 
more, not one or two distinct tubercles; sometimes, 
instead, with a crest; dorsal surface sometimes almost 
smooth, at other times tuberculate almost as in Del
tuca. Outer manus always smoother than in Deltuca, 
with tubercles small and close-set or, in some bella
tor, of moderate size but never large and well sepa
rated; in comparison with Deltuca, therefore, the 
surface appears almost or strikingly smooth; tuber
cles near pollex base little or not at all larger than 
those in the vicinity, in contrast to Deltuca, while 
those near dorsal margin are always the largest on 
the manus. Tuberculate carina of ventral margin of 
manus sometimes continued distally almost entire 
length of pollex, where it is marked by an external 
crease along its upper margin. Oblique ridge inside 
palm almost lacking in polita, otherwise strong, as 
throughout Deltuca; depression on lower distal part 
of palm large, but more shallow than in Deltuca and 
never clearly trifid. Pollex externally never with the 
long lateral furrow characteristic of Deltuca. Dactyl 
externally always with 1 long furrow, sometimes 
shallow, running almost its entire length, never with 
2 long ones as sometimes found in Deltuca; proximal 
subdorsal furrow present or absent, the tubercles of 
the area continuing partway along dactyl. In gape 
near or beyond middle of pollex the middle row of 
teeth follows the edge of a triangular projection, large 
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except in polita, that culminates in an enlarged tuber
cle; distal to the tooth the projection's margin is 
straight or concave, ending in the slender, rounded, 
curved-up pollex tip. A short, subdistal keel some
times present close to gape inside pollex and, less 
often and weaker, a corresponding keel inside dactyl; 
keel continuous or discontinuous with inner row of 
gape tubercles; unlike Deltuca such a keel is never 
found outside pollex tip. Unlike Deltuca, subdistal 
part of dactyl never has a hook-like structure or other 
projection. 

Minor Cheliped. Propodus large, equal in length at 
least to distance from antero-lateral angle to outer 
base of antenna; fingers long; gape narrow to moder
ate; teeth always well developed, usually stronger 
than elsewhere in the genus, 1 pair of opposing teeth 
always enlarged except in one subspecies of bellator 
(Brisbane area). 

Ambulatories. Meri of first 3 pairs sometimes mod
erately wide, with dorsal margins strongly convex; 
those of 4th legs scarcely or not at all enlarged. 
Spinules on posterior surfaces few and weak to 
absent. 

Gonopod. End of shaft always projecting, tubular; 
pore large, terminal; flanges absent. Inner process 
various, ranging from spinous and closely applied to 
shaft, to projecting, curved and even broad and 
somewhat thickened. Thumb usually a vestigial shelf 
or nubbin, arising well below base of projecting shaft; 
rarely short, thick, reaching just above shaft's base. 

FEMALE 

With the characteristics of the females in the genus 
(p. 17). A pair of enlarged teeth in gape of cheliped 
except in some individuals of 2 subspecies of U. Aus-
traluca bellator. The larger teeth in the gape and 
more slender meri of the 4th ambulatories distinguish 
females most easily from sympatric members of Del
tuca. Other distinctions between the subgenera, in 
characters showing little sexual dimorphism, are 
given above, in the subgeneric description of the 
male. 

Size 

Small to medium. 

Color 

Display lightening almost or entirely absent. Red 
brown, dark red, and pink occur on major cheliped. 
Yellow phase, blue and green absent. 

S O C I A L B E H A V I O R 

Waving display moderately prevalent during waving 
periods and at moderate rates. Wave vertical but 
sometimes tending to semi-lateral. No jerks. No high-
intensity courtship components. Copulation usually 
at the surface with male approaching female, but in
frequently female is pushed down male's burrow and 
he follows. Waving display usually precedes copula
tion. No construction activities. Combat components 
unknown. Acoustic components unknown except leg-
wagging observed and filmed. 

R E L A T I O N S H I P S 

Comparisons with other groups will be found on p. 
18 in connection with the discussion of the sub-
generic dendrogram. Within the subgenus both seis-
mella and polita in morphology are further removed 
from the general pattern found in Deltuca than is 
bellator. The differences, in different directions, are 
apparent in the smoother cheliped of polita, along 
with its overall pale color, and in the shape of the 
major cheliped in seismella. In addition, seismelld's 
waving display is far more active than any other 
known in the Indo-Pacific, being analogous to those 
of some Celuca, such as batuenta and saltitanta. 

N A M E 

Australuca: From the Latin adjective australis, 
"southern." The proposed name therefore signifies 
"southern fiddlers," since this subgenus is largely 
confined to that hemisphere. 
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9. UCA {AUSTRALUCA) BELLATOR (ADAMS & WHITE, 1848) 

(Central Indo-Pacific) 

PLATES 10; 11. 
FIGURES 11; 29 B; 46 D; 62 G-J; 81 N; 90 C, D; 97. 

MAP 3. 
TABLES 2, 8, 10, 12, 19, 20. 

INTRODUCTION 

Four closely related forms of Uca, described in the 
past under various specific names, are here consid
ered as subspecies of the single species, bellator. 
Only one of them occurs outside Australia, where 
it is probably restricted to a triangle with angles 
formed by the Philippines, Borneo, and western New 
Guinea. The several forms show very minor morpho
logical differences, principally in the armature of the 
major cheliped and lower orbit. Unlike vocans and 
lactea, the subspecies are not known to intermingle. 
Material, however, remains scanty. 

In the form of its waving display, bellator shows 
clearly one aspect of the intermediate character of 
the subgenus. The wave ranges in form from strictly 
vertical, especially at low intensities, through a usual 
semi-unflexed movement, to a complete, lateral-
straight wave, uncommonly at high intensities. Lat
eral-circular waves, however, characteristic only of 
the socially most advanced subgenera, apparently do 
not occur. 

In one subspecies the male sometimes pushes the 
female ahead of him down his own burrow, instead 
of following her and mounting on the surface, in the 
manner characteristic of Indo-Pacific narrow-fronts. 
This courtship behavior appears broadly intermediate 
between surface mating and the pattern characteristic 
of socially advanced subgenera, where the male al
most always attracts the female to his burrow and 
precedes her below ground. 

None of the waving displays has been observed in 
more than one or two populations except in b. bella
tor, while in all the subspecies combat and threat 
behavior remain practically unknown. A compara
tive study of social behavior throughout the range of 
the species would certainly be rewarding. 

M O R P H O L O G Y 

Diagnosis 

Australuca with a projection on gape of major cheli
ped beyond middle of pollex, almost always triangu
lar and denticulate, rarely merely an enlarged tuber

cle. Major merus with crest tuberculate (except in 
b. minima); palm with oblique ridge and its tuber
cles strong. Small cheliped in both sexes without en
larged distal teeth in gape. Female without patches 
of pile on carpus and manus of 4th ambulatory; 
gonopore always with some structure on rim. 

Description 

With the characteristics of the subgenus (p. 62). 

MALE 

Carapace. Front slightly wider than basal breadth of 
erected eyestalk. Antero-lateral angle acute, slightly 
produced; antero-lateral margins short to moderate, 
always converging, forming dorso-lateral margins 
with a gradual turn; these margins distinct or obso
lescent, but never tuberculate. Postero-lateral stria 
weak, short, direction variable. Eyebrow very nar
row, vertical or nearly so, variable. Floor of orbit 
strongly rolled out, always with a mound but with or 
without tubercles or granules; suborbital crenellations 
present or absent, except near external angle where 
they are always apparent. 

Major Cheliped. Antero-dorsal crest on merus always 
tuberculate (except in b. minima). Outer surface of 
carpus and manus with tubercles well developed for 
the subgenus except in longidigita; palm with oblique 
ridge strong, its tubercles more or less regular; distal 
ridge at dactyl base always with distinct tubercles. 
Pollex with or without a ventral marginal carina and 
associated crease. Subdorsal furrow of dactyl present 
or absent. Subdistal carina inside pollex long; except 
in b. minima, clearly marked by tubercles or beading 
except at tip. Fingers long, slender, compressed. Base 
of pollex slightly if at all deeper than corresponding 
part of dactyl; a triangular projection strongly 
marked, its apex always beyond middle of gape and 
usually surmounted by an enlarged tubercle. An en
larged tooth on dactyl often present opposite apex of 
pollex projection. Gape narrow throughout, almost 
or entirely lacking distal to the projection apex. 

Minor Cheliped. Gape narrow; teeth regular or 
slightly irregular, not graduate; a single pair of op
posed, enlarged teeth present or absent. 
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Gonopod. All elements varying slightly with the sub
species. 

Measurements. Small to moderately small Uca, the 
largest (b. bellator) attaining a known maximum 
length of 12 mm, the smallest (b. minima) less than 
7 mm, the smallest Indo-Pacific form known in the 
genus. 

FEMALE 

Carapace without tubercles on dorso-lateral mar
gin, although this marginal line is always strong and 
rarely minutely beaded. Tubercles on orbital floor 
present or absent. Minor cheliped with or without a 
pair of enlarged, opposing teeth in gape, but never 
with an enlarged tooth distally; dentition as a whole 
closely similar to that of male. Manus and carpus of 
2nd, 3rd and 4th ambulatories with or without pos
terior spinules, never with a marked, close-set patch 
on proximal part of segment; no patches of pile in 
these areas on 4th ambulatory. Rim of gonopore al
ways with some form of structure, always either ex
ternally or postero-externally. 

Morphological Comparison and Comment 

The key on p. 624 distinguishes bellator from the 
other two members of the subgenus Australuca. The 
combination of a large projection on the major pol-
lex and a long, tubular tip on the gonopod should 
quickly distinguish this species from Indo-Pacific 
narrow-fronts of other subgenera. 

Color 

Displaying males: Display whitening usually part
ly developed, never enveloping entire crab. Carapace 
dark with pale markings or vice versa. Major cheli
ped often with shades of red or orange on proximal 
segments; manus characteristically brown to orange 
brown; fingers white. Crab's anterior aspect usually 
marked with white, or it is wholly white, including 
minor cheliped; ambulatories dark, with or without 
white markings on posterior surfaces of last two legs, 
rarely with anterior white on first legs. Females simi
lar to males; uncommonly with red on cheliped and 
first legs. 

S O C I A L B E H A V I O R 

Waving Display 

Wave vertical, semi-unflexed or lateral straight. Jerks 
absent. Tips of chela reach well above eyes during 
displays of moderate intensity, at least during all 
waves in a series except the last two or three; these 
final motions are sometimes diminishing waves of 
low amplitude. Minor cheliped sometimes makes 

synchronous motion. Body raised slightly or not at 
all with each wave. Legs not raised during display, 
except to take occasional steps to one side or the 
other. Display at rate of about 1 wave per second, 
with or without a pause between waves. (Component 
nos. 1, 3, 4, 9, 10, 14; timing elements in Table 19, 
p. 656.) 

Precopulatory Behavior 

Apparently principally on the surface, prefaced by 
stroking, as in Deltuca. Herding, however, is better 
developed than in any other species where it is 
known, since the male sometimes actually nudges a 
partly responsive female toward the mouth of his 
burrow and pushes her down the hole, after which 
he'follows at once (p. 498). 

Acoustic Behavior 

Three components so far known, all in one sub
species (p. 67). 

R A N G E 

Labuan; Indonesia; Philippines; western New 
Guinea; tropical and subtropical Australia; 1 record 
from Nicobar Islands in the Indian Ocean. 

BlOTOPES 

Sheltered flats of mud or muddy sand inside mouths 
of streams and rivers, sometimes close to the sea and 
sometimes upstream as far as the limits of mangroves. 
(Biotope nos. 12, 14, 15.) 

S Y M P A T R I C A S S O C I A T E S 

The more seaward populations are sometimes min
gled with stray individuals of the other Australuca, 
seismella and polita. Other subgenera are repre
sented chiefly by coarctata, although most of each 
population of this Deltuca are assembled nearby and 
mingle only marginally. Both (Thalassuca) vocans 
and (Celuca) lactea are concentrated in more marine 
habitats and occur with bellator only marginally if at 
all, or through adventitious individuals. Farther up
stream the known populations of bellator are pure 
cultures. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 595.) 

Observations and Collections. U. b. bellator: Indo
nesia: Djawa: Semarang and near Surabaja. Philip-
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pines: Mindanao: Zamboanga; west coast, Gulf of 
Davao; Palawan: Puerto Princesa; Luzon: near 
Manila. U. b. signata: Australia: Queensland: in and 
near Gladstone. U. b. longidigita: Australia: Queens
land: near mouth of Brisbane R. U. b. minima: Aus
tralia: Darwin. 

Film. Indonesia: Semarang; Philippines: west coast, 
Gulf of Davao and near Manila. Australia: near 
Gladstone; mouth of Brisbane R.; Darwin. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca bellator (Adams & White, 1848) 
HOLOTYPE. In British Museum (Natural History), 
London. Label: "Gelasimus bellator. Holotype. Phil
ippine Ids. 43.6. Cuming Coll." Measurements in 
mm: length 12.5; breadth 21; propodus 41. Speci
men in good condition. (!) 

Uca bellator signata (Hess, 1865) 
TYPE-SPECIMEN. Zoologisch Institut, Gottingen. 
Label: "53b. Gelasimus signatus Hess. 1889. Pohl. 
Australien." Inner label (tied on ambulatories): 
"3665." Measurements in mm: length 12; propodus 
29. Specimen in good condition. (!). Data in cata
logue: "a. Sydney. 1864. Schutte. b. Australien. 
1889. Capt. Pohl Ibbry." Specimen "a" is missing; 
Sydney highly improbable as the site of capture. 

Uca bellator longidigita (Kingsley, 1880) 

HOLOTYPE of subspecies. Not present in Academy of 
Natural Sciences at Philadelphia or found elsewhere. 

Uca bellator minima subsp. nov. 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington, no. 137668. 
Australia: Darwin. Collected by J. Crane. 

Named in allusion to its being the smallest of the 
subspecies in the species. (L. minimus, adj.: least.) 

Gelasimus signatus var. angustifrons de Man, 1892. 
A good series was deposited by de Man at various 
times in Leiden, collected in several parts of Java. 
Cat. no. 1538 refers to a single male, with the follow
ing label, written (fide Holthuis) in de Man's hand
writing: "Uca signata Hess var. angustifrons de Man. 
Dr. J. Semmelink. Batavia. 1882." Measurements in 
mm: length 10; propodus 25. If this form were not, 
as in this study, synonymized with U. bellator bella
tor, this specimen could have served well as neotype, 
no designated type having been found. 

Ortmann (1897: 350) included both Gelasimus 
bellator and G. signatus in the synonymy of G. for
ceps (see p. 323). 

Uca (Australuca) bellator bellator 
(Adams & White, 1848) 

(Philippines; Labuan; Indonesia; western New 
Guinea; one record from Nicobar Islands) 

M O R P H O L O G Y 

With the characteristics of the species. 
Gonopod: Inner process straight and tumid ex

cept for flattened tip, extending only partway to tip 
of tube against which it is appressed; thumb thick 
and short but well formed and reaching slightly be
yond exposed base of tube. Gonopore with a well-
developed postero-external tubercle, neither high nor 
sharp but extensive. Orbital floor with strong tuber
cles on at least one side in both sexes. Suborbital 
crenellations in male small but distinct and regular, 
variable in size and extent. Major cheliped: merus 
with antero-dorsal crest low, straight except for slight 
distal expansion, tuberculate throughout; pollex with 
ventral marginal carina and crease well developed; 
subdistal carina inside pollex long and minutely 
beaded; dactyl without subdorsal furrow. Minor 
cheliped: in both sexes teeth are similar, being un
equal, moderate sized, largest near middle, serrate; 
in females and some males a single pair, further en
larged and opposed, occurs at or just beyond middle. 
Female ambulatories: no patches of close-set spinules 
on 3rd and 4th carpus and manus, but often a sparse 
scattering on 3rd manus. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

(All specimens from Semarang material) 
Largest male 12.0 19.0 33.5 23.0 
Moderate male 10.0 15.5 26.5 16.5 
Largest female 

(ovigerous) 10.0 14.5 - -
Smallest ovigerous 

female 6.5 10.0 

Color 
Displaying males: carapace brown with extremely 
variable markings of white, blue or both; very rarely 
white with dark markings. Within single populations 
the range extends from a single, white, transverse 
band across anterior third of dorsal surface to white 
speckles mixed with blue spots that are distributed 
both dorsally and laterally. Major cheliped: merus 
often red to orange brown or dull yellow; carpus 
sometimes similar; lower manus brown to orange 
brown, orange, or white; upper manus and fingers 
white. Eyestalks sometimes yellowish green. Orbits 
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uncommonly rimmed with greenish or blue; maxil-
lipeds, suborbital and pterygostomian regions, minor 
chelipeds, and ambulatories all dark with highly vari
able white spots; of these the most common and con
stant in position is a single large spot on posterior 
merus of 4th leg; similar spots only uncommonly 
found on posterior merus, or on carpus and manus, 
of 3rd leg; apparently never occurring on 1st or 2nd; 
anterior surface of 1st legs, however, are sometimes 
wholly white. Females with carapace and appendages 
similar to those of male, except that eyestalks and 
anterior surface of merus on 1st ambulatory are in
frequently bright red. 

SOCIAL BEHAVIOR 

Waving Display 

Wave vertical, ranging to a semi-unflexed wave at 
high intensities. In each series 2 to 8 relatively high 
waves, usually about 3, are followed by about 2 
diminishing waves of low amplitude. Body raised and 
lowered with each wave. 

Although, as stated already in the description of 
waving display in the species, the ambulatories are 
not raised as a part of the waving display, in wholly 
agonistic situations the 4th legs, with the meri often 
spotted with white, are sometimes kicked out, either 
toward the opponent in males, or toward a male by 
an unreceptive female. At these times no contact of 
the 4th legs with either the 3rd or with the carapace 
is made. Functional herding of female by male occa
sional (see below). 

Precopulatory Behavior 

The usual final phases of courtship seem to consist, 
as in Deltuca, of approaching female with or with
out waving, followed by stroking and then mating at 
the surface. However two examples were seen, one 
in the Philippines and the other in Java, where the 
male, after display to a somewhat inattentive female 
and an attempt to stroke her at a distance of some 
inches from his burrow, ended the visible courtship 
by nudging her toward his burrow using chiefly the 
legs of his minor side, and literally pushing her be
low. He then, with his minor side already partly in
side the burrow's mouth, in one of the two examples, 
vibrated his major cheliped in a major-merus-rub 
that shows distinctly in the filmed sequence, before 
he too vanished beneath the surface. 

Acoustic Behavior 

The following components have been observed in the 
field and in films: major-merus-rub (component no. 

1; see also above description of its use in courtship); 
leg-wagging (5); leg-side-rub (6). 

Uca (Australuca) bellator signata 
(Hess, 1865) 

(Eastern Australia: Tropical Queensland) 

MORPHOLOGY 

With the characteristics of the species. 
Gonopod: Inner process not tumid, curving, end

ing far below tip of tube to which it is closely ap-
pressed throughout; thumb represented only by a 
shelf, its edge transverse, not slanting. Gonopore 
with a small, distinct tubercle located clearly on outer 
side of rim, not near its posterior part. Orbital floor 
in both sexes with granules or tubercles. Suborbital 
crenellations in male small but distinct and regular. 
Major cheliped: merus with antero-dorsal crest low, 
thick, practically straight, with irregular tubercles; 
pollex with ventral carina and crease present; sub-
distal carina inside pollex beaded; dactyl with a short 
subdorsal furrow. Minor cheliped: teeth in both sexes 
small, mostly erect; a distinctly enlarged pair opposed 
near middle absent in males, at least sometimes pres
ent in females (chelae in material missing or de
tached) . Female ambulatories: no patches of spinules 
on 3rd and 4th carpus and manus, or weakly present 
on entire upper half of 3rd manus. 

Measurements (in mm) 

(Both from Gladstone) 
Largest male 
Largest female 

Length 

9.5 
8.5 

Breadth 

15.5 
11.5 

Propodus 

21.0 

Dactyl 

13.5 

Color 

Displaying males: Carapace rarely fully white; usual
ly dark with or without paler mottlings or with white 
spots on branchial regions only. Major cheliped: 
merus red, pink or reddish orange; carpus dull; outer 
manus brown to reddish orange; fingers white. Minor 
cheliped similar to major. Ambulatories dark, not 
spotted. 

SOCIAL BEHAVIOR 

Waving Display 

Wave vertical to semi-unflexed, sometimes a full 
lateral-straight wave, the cheliped being completely 
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unflexed. Diminishing waves present. Body raised 
and lowered with each wave, which last more than 
1 second each, with a pause of equal length or more 
between waves of a series. 

Acoustic Behavior 

Leg-wagging (component no. 5) . 

Uca (Australuca) bellator longidigita 
(Kingsley, 1880) 
(Eastern Australia: known only from 
neighborhood of Brisbane) 

M O R P H O L O G Y 

With the characteristics of the species. 
Gonopod: inner process not tumid, slightly 

curved, tip reaching variably close to end of tube to 
which it is closely appressed throughout; thumb small 
but distinct, ending below exposed base of tube. 
Gonopore with no trace of a tubercle, but with ex
ternal half of rim very slightly raised, its edge 
smooth. Orbital floor in both sexes smooth, without 
tubercles or granules. Suborbital crenellations absent 
in male, or, near external angle, with vestiges. Major 
cheliped: merus with antero-dorsal crest weakly 
tuberculate or serrate, the extreme distal portion 
slightly expanded and convex; outer manus smoother 
than in other subspecies; pollex with ventral carina 
and crease absent; pollex long, minutely tuberculate; 
dactyl with subdorsal furrow absent. Minor cheliped: 
teeth are clearly larger in female, but in both sexes 
of moderate size, somewhat serrate, and with a single 
pair enlarged and opposed slightly distal to middle. 
Female ambulatories: patches of weak spinules pres
ent or absent on 3rd and 4th carpus and manus. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

(All specimens from near Sandgate, near Brisbane) 
Largest male 10.5 18.0 31.5 23.5 
Largest female 

(ovigerous) 9.5 19.0 - -
Smallest ovigerous 

female 8.0 12.0 

Color 
Displaying males: carapace dull, inconspicuously 
marbled with paler. Appendages dull except for ma
jor manus and chela, which are usually white, with 
the manus, instead, being sometimes pale blue green. 

SOCIAL B E H A V I O R 

Waving Display 

(Observed briefly; not filmed.) Wave semi-flexed, 
sometimes almost unflexing fully in a lateral-straight 
wave. Diminishing waves apparently absent. Waving 
at the rate of about 1 wave per second; no perceptible 
pause between waves; a large number forming each 
series. 

Uca (Australuca) bellator minima 
subsp. nov. 
(Northwest Australia: known only from Darwin) 

M O R P H O L O G Y 

With the characteristics of the species. 
Gonopod: inner process long, slender, straight, 

not appressed to terminal tube; thumb absent, repre
sented by a slanting shelf. Gonopore: about as in 
bellator, with an extensive postero-external tubercle. 
Orbital floor with the usual mound merging in exter
nal half into a linearly narrow ridge, its edge in male 
either smooth or with a few minute granules, in fe
male always with tubercles. Suborbital crenellations 
in male minute, even near external angle. 

Major cheliped: merus with antero-dorsal crest 
large and convex, but smooth; pollex with ventral 
marginal carina and weak associated crease; subdistal 
carina inside pollex without tubercles; dactyl without 
subdorsal furrow. Minor cheliped: with a pair of en
larged, opposed teeth absent in male, sometimes pres
ent near middle in female; teeth small, mostly erect. 
Female ambulatories: no patches of spinules on 3rd 
and 4th carpus and manus. 

Measurements (in mm) 

Largest male 
(holotype) 

Moderate male 
Largest female 

Length 

6.8 
5.0 
5.5 

Breadth 

10.0 
8.0 

11.0 

Propodus 

15.5 
9.5 

Dactyl 

9.5 
5.5 

Color 
Displaying males: Carapace in some individuals 
wholly white. Major cheliped: Outer merus and car
pus reddish brown; inner merus orange red; manus, 
pale orange to white; fingers white. Maxillipeds, sub
orbital area, and pterygostomian regions white. Am
bulatories dark. 
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SOCIAL BEHAVIOR 

Waving Display 

Wave vertical, apparently not attaining the unflexed, 

R E F E R E N C E S A N D S Y N O N Y M Y 

Uca (Australuca) bellator 

( A d a m s ' & Whi te , 1848 ) 

TYPE DESCRIPTION. See under U. (A.) bellator bella
tor, below. 

Uca (Australuca) bellator bellator 
(Adams & White, 1848) 

Gelasimus bellator 

NAME ONLY. White, 1847: 36. Philippines. 

TYPE DESCRIPTION. Adams & White, 1848: 49. (BM 
!) 

White, 1848: 85. No new material. 
Milne-Edwards, 1852: 146. Taxonomy. No new 

material. 
Kingsley, 1880.1: 138 (part). Mention of White's 

specimen. 

Gelasimus signatus var. angustifrons 

de Man, 1891: 38. Type description. (Leiden: 
part !) 

Gordon, 1934: 12. Dutch East Indies. Taxonomy. 
(BM !) 

Uca signata 

Roux, 1917: 614. Western New Guinea: Merauke. 
Record. 

Estampador, 1937: 543. Philippines: Panay. Lo
cal distribution. 

Estampador, 1959: 101. Philippines: Panay. Lo
cal distribution. 

Verwey, 1930: 172ff.; 199ff. Java. Ecology. 
Mouthparts. Behavior. 

Crane, 1957. Philippines. Preliminary classifica
tion of waving display. 

Uca signata var. angustifrons 

Maccagno, 1928: 25. Western New Guinea: 
Merauke. Taxonomy. (Torino !) 

Uca angustifrons 

Tweedie, 1950.1: 357. Borneo: Labuan. Taxon
omy. 

lateral-straight form. Cheliped raised slowly, brought 
down rapidly. Diminishing waves absent. Waving at 
rate of about 1 per second; waves usually occur 
singly, but sometimes several are grouped in a series. 

Tweedie, 1954: 118. Note on restricted local dis
tribution in relation to Sunda Shelf. 

Uca (Australuca) bellator signata 
(Hess, 1865) 

Gelasimus signatus 

TYPE DESCRIPTION. Hess, 1865: 146; fig. Australia: 
Sydney; "Australien." (Gottingen, part !) 

? Kingsley, 1880.1: 138 (part). Specimen listed 
from Australia (not extant). 

Kingsley, 1880.1: 146. Translation of type de
scription. 

Haswell, 1882: 93. No new material. Considers 
Sydney a doubtful locality record. 

Miers, 1884: 236. Australia: Port Curtis (BM !) ; 
Swan River. 

de Man, 1891: 35. Eastern Australia. Taxonomy. 
(Leiden !) 

Ortmann, 1894.2: 756. Eastern Australia. Record 
(in Strassburg Museum, received from Godeffroy 
Museum). 

Uca signata 

Crane, 1957. Australia: Gladstone. Preliminary 
classification of waving display. 

Uca bellator 

Macnae, 1966: 77, 79. Australia: Queensland 
(Thursday I. to Port Curtis). Ecology. 

Uca (Australuca) bellator longidigita 
(Kingsley, 1880) 

Gelasimus longidigitum 

TYPE DESCRIPTION. Kingsley, 1880.1: 144. Aus
tralia: near Brisbane: Moreton Bay. 

Uca longidigitum 

Macnae, 1966: 79, 80. Australia: Queensland 
(Moreton Bay). Ecology. 
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10. UCA (AUSTRALUCA) SEISMELLA SP. NOV 

(Australia) 

PLATES 12 A-D; 46 E. MAP 4. 
FIGURES 12; 46 £; 62 K; 97. TABLES 8, 10, 12, 19, 20. 

INTRODUCTION 

This Australian Uca is perhaps the most unmistak
able of all fiddler crabs, whether watched in action 
on a mudbank or examined briefly with a lens. Dur
ing its waving display the small crab shakes all over 
as the large claw waggles up and down. Only the 
neotropical saltitanta gives a similar impression. It 
seems fitting to give the proposed new species a name 
signifying "little earthquake." 

In both sexes the teeth of the small cheliped, al
ways large and serrate, are characteristic, as de
scribed below. Unfortunately we have no clue to the 
uses of this formidable armature, whether in feeding, 
in stridulation, or in both. 

M O R P H O L O G Y 

Diagnosis 
Australuca with large, triangular teeth in gape of 
small cheliped, always with the two opposing distal 
teeth much larger than the rest; characteristic of both 
sexes. Major pollex with a long, low, triangular pro
jection on upper edge; ventral marginal pollex ridge 
present; palm with oblique ridge strong; major merus 
with a large crest, its edge smooth or nearly so. Sub
orbital margin smooth except occasionally near outer 
angle. Female with dorso-lateral margin tuberculate; 
carpus and manus of last ambulatory each with a 
patch of pile posteriorly. 

Description 

With the characteristics of the subgenus (p. 62). 

MALE 

Carapace. Front little or not at all wider than basal 
breadth of erected eyestalk. Antero-lateral angle rec
tangular, not produced; antero-lateral margins 
scarcely or not at all converging, forming dorso
lateral margins in a sharply angular turn; these mar
gins, although variable, are sometimes marked by 
raised lines scarcely longer than antero-lateral mar
gins, continuing posteriorly as a blunt ridge, some
times interrupted and thus forming a series of widely 
spaced, blunt tubercles. Postero-lateral stria strong 
and longitudinal. Eyebrow very narrow, vertical. 
Floor of orbit strongly rolled out and with a blunt 

ridge, but without tubercles or granules; no crenella-
tions on suborbital margin except for several small 
irregularities, sometimes present near one or both 
outer angles at level of eyeball tip. 

Major Cheliped. Antero-dorsal crest on merus high 
and convex in portion beyond level of antero-lateral 
angle but without tubercles, the edge being either 
smooth, slightly uneven, or with a few minute serra
tions. Outer surface of carpus and manus almost 
smooth, although less so than in polita; the tubercles 
or granules are very distinct, but low and well sepa
rated. Palm with oblique ridge strong, its tubercles 
nearly regular; distal ridge at dactyl base weak, vari
able. Pollex with a strong, ventral, marginal carina 
and associated crease; subdorsal furrow of dactyl ab
sent; both fingers compressed, covered by minute 
granules externally and near margins on inner side. 
Pollex in general deeper than dactyl because of a 
long, triangular projection on gape, its base occupy
ing entire pollex edge except tip; its apex at middle 
of pollex low but marked by a tubercle. Subdistal 
carina inside pollex tip weak, its proximal portion 
represented by a regular row of close-set, minute 
tubercles that are never continuous with inner row 
of gape tubercles; dactyl with a similar carina, usual
ly weaker and with a shorter row of tubercles. Dactyl 
gape usually with two enlarged teeth, one near base, 
the other beyond level of tubercle surmounting pol
lex projection. 

Minor Cheliped. Manus and base of pollex notably 
deep, fingers longer than manus, gape practically ab
sent. About 8 (range 7 to 10) teeth in each finger, 
occupying entire gape, triangular, usually directed 
obliquely distad, sometimes almost upright, smallest 
proximally. After the sometimes irregular proximal 
one or two minute teeth, the size in each finger in
creases in a regular gradation at least to the 2nd tooth 
before the distal, the predistal pair being sometimes 
reduced. Each tooth of the distal pair is invariably 
much larger than any others in the series and forms 
the crab's most useful diagnostic character. 

Ambulatories. Merus of first 3 pairs moderately en
larged. 

Gonopod. Inner process long, strong, spinous, close
ly appressed to tube and extending to level of pore; 
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tube itself moderately long, its terminal diameter 
large; thumb a vestigial shelf near base of projecting 
tube. 

FEMALE 

Minor cheliped about as in male. Carpus and 
manus of 2nd, 3rd and 4th ambulatories each strong
ly spinulous posteriorly, those of the fourth having 
in addition a patch of pile overlaying part of the 
spinules. Gonopore without marginal structures. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male 9.5 14.5 22.5 15.5 
Holotype male 7.5 13.0 18.0 12.0 
Largest female 

(ovigerous) 9.0 13.5 - -
Smallest ovigerous 

female 7.0 10.0 

Morphological Comparison and Comment 

This very distinct species lacks close relations. 
Through its possessing characters regarded here as 
of subgeneric rank, however, it clearly belongs in the 
subgenus Australuca. These characters combine a 
narrow front with a tubular gonopod tip, a strong 
postero-lateral stria, strong dentition on minor chela, 
absence of a groove on the major pollex and presence 
of a large protuberance on its prehensile edge. 

Color 

Display whitening absent. Carapace dark brown to 
mottled gray. Major cheliped: merus brown to dull 
yellow. Manus at least on distal half and entire chela 
shiny white, conspicuous against the usually dark 
background of both the crab's body and the mud. 
The palm, never visible during display, was grayish 
in freshly caught specimens. Ambulatories dark, 
sometimes faintly banded. Females with carapace 
and appendages often pale gray except in many in
dividuals for white markings on chelipeds and on 
anterior surfaces of 1st and 2nd ambulatories. 

S O C I A L B E H A V I O R 

Waving Display 

Wave partly vertical, partly semi-unflexed. Major 
cheliped at beginning of a series is raised wholly 
flexed almost as far as base of eyestalks, then partly 
unflexed and flexed again, in the same plane, oblique
ly up and out, in an arc of narrow amplitude. At 
most each wave extends slightly above eye. The usual 
rate of the upper-level, vibrating waves is about 5 
per second, but unusually and briefly 8; the range in 
a series is from 4 to 6; at no time during a series 

does the manus or pollex touch the ground. At the 
end of each series, however, the claw is brought fully 
down into rest position and at least several seconds 
usually elapse between series. During display the 
minor cheliped apparently is held motionless and the 
body is not raised. (Component nos. 1,3; timing ele
ments in Table 19, p. 656.) 

Acoustic Behavior 

Three components are known: the minor-merus-rub 
in both sexes (component no. 2) , leg wag (5) , and 
major-merus-drum (7) . Contrary to its appearances 
in the field, film analysis shows that the major manus 
does not come in contact with the ground during 
waving display. 

R A N G E 

Known only from 3 localities in Australia: Broome, 
on the northwest coast, Darwin in the Northern Ter
ritory, and Gladstone, Queensland. 

BlOTOPES 

Muddy banks near mouths of streams, often steep 
and usually near mangroves. (Biotope nos. 12, 13.) 

S Y M P A T R I C A S S O C I A T E S 

Very rarely marginally mingled with bellator or, 
more often, with populations of this species of Aus
traluca concentrated nearby. Usually associated on 
the same mudbank with (Deltuca) coarctata the ap
propriate subspecies of which usually occupies more 
upper levels of the bank while seismella occurs typi
cally somewhat lower. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 596.) 

Observations and Collections. Australia: Broome; 
Darwin; Gladstone. 

Film. Darwin. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca (Australuca) seismella sp. nov. 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137666. Type-locality: Australia: Northern Terri
tory: Darwin. Measurements above. 

Named in allusion to its shaking during waving 
display. (From the Greek noun for "earthquake" 
from verb for "to shake," plus diminutive.) 
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11. UCA (AUSTRALUCA) POUT A SP. NOV 

(Australia) 

PLATE 12 E-H. 

FIGURES 10; 31 B; 62 F; 92; 97. 
MAP 4. 
TABLES 8, 10, 12, 20. 

INTRODUCTION 

This species, for which the name Uca polita is pro
posed, shows the active, semi-unflexed wave charac
teristic of Australuca. It has, however, none of the 
speed of seismella, or the more complete lateral-
straight wave-form attained by some bellator. The 
largest species in the subgenus, polita is conspicu
ous among all Australian fiddlers for the rose pink 
that often suffuses the claw. 

Except for seismella, it is the only Uca found on 
both the eastern and western coasts of Australia that 
does not appear to warrant the erection of subspecies. 

M O R P H O L O G Y 

Diagnosis 

Australuca with outer carpus and manus notably 
smooth even for the subgenus; pollex near middle of 
gape with a single enlarged tooth, but no triangular 
projection and no ventral marginal ridge; base of pol
lex not notably wider than base of dactyl; oblique 
ridge inside palm low, blunt with weak tuberculation. 
Ridge on floor of orbit blunt, without tubercles or 
denticles. Minor cheliped in both sexes with an op
posing pair of enlarged teeth beyond middle of gape, 
followed distally by small teeth. Female without 
tubercles on dorso-lateral margins, without patches 
of pile on carpus and manus of last ambulatories, 
without generally distributed spinules on these seg
ments of last 3 ambulatories, and without any struc
ture on gonopore rim. 

Description 

With the characteristics of the subgenus (p. 62). 

MALE 

Carapace. Front slightly wider than basal breadth of 
erected eyestalk. Antero-lateral angle rectangular or 
acute and slightly projecting; antero-lateral margins 
scarcely to moderately convergent; dorso-lateral mar
gins marked by raised lines of variable length. Pos-
tero-lateral stria a weak protuberance. Eyebrow not 
distinct. Floor of orbit, in inner half only, with a 
blunt ridge, without denticles or tubercles; weak 
crenellations or irregularities present to a variable ex

tent in external half of suborbital margin, never 
extending to extreme outer angle and usually con
fined to region below non-erected eyeball. 

Major Cheliped. Merus with antero-dorsal crest dis
tally minutely serrate; outer carpus and manus, ex
cept near dorsal margin of manus, unusually smooth. 
A large, indistinct, shallow depression outside base 
of pollex, notable only in comparison with its absence 
elsewhere in the subgenus. Palm with oblique ridge 
low, its tubercles small and irregular; distal ridge at 
base of dactyl weak and highly variable. Pollex with
out a ventral, marginal carina and crease in adult, 
but the structure is indicated proximally in young; 
depth of pollex at base scarcely or not at all deeper 
than base of dactyl except in young. Dactyl with sub
dorsal furrow absent. Pollex without a triangular pro
jection near middle of gape in adult, but with a strong 
tooth in that area even in leptochelous examples; in 
the young a broad, low, triangular structure is usual
ly present instead of the tooth, as in adult Australuca 
of other species. Subdistal keel inside pollex weakly 
indicated if at all. Dactyl with a similarly enlarged 
tooth opposite that of pollex, as well as several small
er ones in proximal region. 

Minor Cheliped. Pollex proximally clearly much 
deeper than corresponding part of dactyl. Gape be
yond middle with two large, opposing teeth; rest of 
gape both proximally and distally with minute denti
cles and serrations, irregular and variable, but with 
several in proximal part of dactyl usually slightly 
enlarged. 

Ambulatories. Meri of first 3 pairs moderately wide, 
their dorsal margins strongly convex; spinules on 
posterior surfaces few and weak to absent. 

Gonopod. Inner process slim, spine-like, closely ap-
pressed to tube and ending below pore; thumb rep
resented by a round nubbin well below base of pro
jecting tube. 

FEMALE 

Carapace without tubercles on dorso-lateral mar
ginal lines. Cheliped with gape armed about as minor 
in male, but dentition often stronger and pollex base 
deeper, at least on one side. Second, 3rd, and 4th 
ambulatories without a generally distributed covering 
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of spinules on posterior surface of each carpus and 
manus; no pile on same segments of 4th ambulatory. 
Gonopore without tubercles or other structures on 
margin. 

Measurements (in mm) 

Largest male 
Holotype male 
Largest female 

(ovigerous) 

Length 

16.5 
14.5 

19.0 

Breadth 

25.0 
22.5 

21.5 

Propodus 

41.0 
35.0 

Dactyl 

27.0 
21.0 

Morphological Comparison and Comment 

This moderately large Uca is easily distinguished 
from the several subspecies of bellator, its closest 
relation, by at least two of the following characters: 
the lack of a triangular, tuberculate tooth in distal 
half of major pollex; lack of tubercles or denticles on 
floor of orbit in both sexes; female without any struc
ture on gonopore rim. The dentition of the male's 
minor chela and of both in the female, each being 
equipped with only one enlarged tooth, not at its 
distal end, bears no resemblance to the strong, serial 
serrations of seismella, the last species in Australuca. 
The smoothness of the major carpus and manus dif
ferentiates polita at once from the remaining Aus
tralian narrow-fronts. 

The dorso-lateral surface of the manus appears 
smoother in specimens from Broome than in those 
from Gladstone, the tubercles in the former exam
ples being fewer and smaller. 

Color 

Displaying males: Display whitening partial. Cara
pace ranging from uniformly dark to, rarely, white. 
The usual phases are dull bluish with white marblings 
or mottlings, especially anteriorly, or yellowish with 
dark to white markings. Major cheliped: Merus and 
carpus, inside and out, reddish rufous to pale orange. 
Outer manus and chela largely or completely rose 
pink in most specimens; in some individuals, espe
cially larger males in Broome, both manus and chela 
pale partly or wholly to white. Third maxillipeds, 
suborbital areas, and pterygostomian regions often 
variously marked with white. Minor cheliped with 
manus and chela usually pink. Ambulatories banded 
light and dark, sometimes with white spots on pos
terior meri. 

S O C I A L B E H A V I O R 

Waving Display 
Wave semi-unflexed, ranging almost to a full lateral-
straight. Jerks absent. At beginning of each wave, 

mero-carpal joint is raised, the chela tips then touch
ing or almost touching ground; from this position 
they are unflexed, partly or wholly, up and out, the 
chela tips at most reaching clearly above eyes. At 
high intensities the cheliped is not fully flexed be
tween waves. Minor cheliped usually does not make 
a corresponding motion. Carapace little or not at all 
raised between waves, and legs are not raised, except 
in making steps during a wave to one side or the 
other. Waving is at the rate of less than 1 display per 
second, and displays continue without pauses be
tween up to a maximum of about 12 in a series 
(component nos. 3, 4, ?9, ?10). 

Precopulatory Behavior 

Several males were observed stroking females in the 
usual fashion. In each example the male approached 
the female without waving. 

Acoustic Behavior 

The sole component known was observed only in a 
filmed sequence. It is a major-merus-rub (component 
no. 1). 

RANGE 

Known in Australia from Nicol Bay and Broome in 
Western Australia and, in Queensland, from Thurs
day Island south to Moreton Bay. 

BlOTOPES 

Bayshores on flats of muddy sand or mud, the sub
strate being characteristically in a thin layer over a 
bed of conglomerate, usually near or among shoots 
of pioneer mangroves; uncommon on muddy banks 
of streams bordered with mangroves. (Biotope nos. 
4, 5, 13.) 

S Y M P A T R I C A S S O C I A T E S 

Uncommonly individuals were observed among pop
ulations of (Australuca) seismella and (Deltuca) 
coarctata. The more marine groups occur among 
(Deltuca) dussumieri and near (Thalassuca) vocans 
which frequents levels nearer low tide. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 596.) 

Observations and Collections. Australia: Broome; 
Gladstone. 

Film. Broome. 
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TYPE MATERIAL AND NOMENCLATURE 

Uca (Australuca) polita sp. nov. 
HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 

REFERENCE AND SYNONYMY 

Uca (Australuca) polita sp. nov. 

Uca unnamed sp. (pink claw) 
Macnae, 1966: 85, 89. Australia: Queensland 

(south to Moreton Bay). Color; ecology. 

137667. Type-locality: Australia: Queensland: Glad
stone. Measurements on p. 73. 

Named in reference to the exceptionally smooth 
surface of the major cheliped's outer manus. (From 
Latin polire, "to polish.") 
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III. THALASSUCA SUBGEN NOV. 

Typus: Cancer tetragonon Herbst, 1790 

(Tropical and subtropical Indo-Pacific: East Africa to the Tuamotus; Red Sea to Natal; 
Nansei [Ryukyu] Islands to northern New South Wales and central Western Australia) 

PLATES 13, 14. MAPS 4, 20. 
GONOPOD DRAWINGS: FIGURES 63, 64. TABLES 1, 8, 10, 12, 14, 19, 20. 
DENDROGRAMS: FIGURES 96, 99. 

MORPHOLOGY 

Diagnosis 

Uca with front narrow, antero-lateral margins short 
to absent; eyestalks slender; postero-lateral striae ab
sent; no tubercles or other irregularities on orbital 
floor; suborbital margin erect, not rolled out, its 
crenellations always distinct and usually strong. Ma
jor manus outside rough with moderate to large 
tubercles; oblique ridge on palm never continued up
ward around carpal cavity; a long, lateral furrow 
sometimes present outside pollex, never on major 
dactyl. Serrations of minor cheliped absent or few 
and weak. Gonopod always with at least one flange 
well developed, without a projecting, distal tube; en
tire terminal portion often twisted. Gill on 3rd maxil-
liped with up to about 11 books in some individuals 
of each species. Female never with an enlarged tooth 
in cheliped gape. 

Description 

With the characteristics of the genus (p. 15). 

MALE 

Carapace. Front as in Deltuca, but margins of central 
depression never parallel, always diverging poste
riorly. Antero-lateral margins absent to moderately 
short; dorso-lateral margins well-marked to absent, 
neither margin serrate or beaded, posteriorly mod
erately to slightly converging; postero-lateral striae 
absent; sides of carapace little converging, practically 
straight in posterior two-thirds; vertical lateral mar
gins ranging from distinct throughout to dorsally ab
sent. Carapace profile in lateral view little arched, 
except in jormosensis. Suborbital and pterygostomian 
regions nearly naked to moderately setose; scarcely 
tuberculate. 

Eyebrow when present vertical or oblique, always 
narrow. Lower margin of orbit not rolled outward 
but erect, variously sinuous, never with tubercles, 
granules, ridge, or mound on its floor; suborbital 

margin always with strong, close-set, truncate crenel
lations that extend across entire orbit, rarely except
ing the extreme inner angle. Eyestalks slender; diam
eter of eyes little or not at all greater than that of 
stalks. 

Second Maxilliped. Spoon-tipped setae numerous. 

Third Maxilliped. Ischium nearly flat to slightly con
vex, with or without a slight distal depression; little 
setose. Gill with up to 11 distinct books but some
times vestigial. 

Major Cheliped. Similar to Deltuca, except as fol
lows: oblique ridge inside palm sometimes weak; a 
large, shallow depression with tubercles reduced in 
number outside base of pollex; the depression some
times continued along outer pollex as a lateral fur
row; major dactyl without a long outer furrow; row 
of tubercles on ventral margin of manus continued 
onto pollex; as in Deltuca, however, there is no carina 
on pollex. Shape of chela and tuberculation of gape 
widely various, even within subspecies and when 
among leptochelous or brachychelous individuals of 
the same population. 

Minor Cheliped. Similar to Deltuca except that ser
rations are almost or wholly absent. Gape moderate. 

Ambulatories. Meri wide to narrow; armature weak; 
postero-dorsal tubercles when present always small, 
usually scattered, sometimes on vertical striae. 

Gonopod. At least one flange always well developed; 
inner process always broad, distinct, sometimes 
thickened; gonopod tip never, therefore, appears sim
ple and tubular to a casual inspection; thumb well 
developed, nearly distal but always ending clearly 
below flange base. Torsion sometimes strong. 

FEMALE 

With the characteristics of the females in the genus 
(p. 17). 
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Size 

Medium to large. 

Color 

The resume below applies only to tetragonon and 
vocans, the color of jormosensis in life being un
known. 

Display lightening sometimes extreme, sometimes 
absent. Young never more vividly colored than 
adults. At least lower distal part of outer major 
manus always distinctively colored, ranging from 
ochraceous through orange to red. Carapace, where 
display whitening is not attained, ranging from dull 
gray to bright blue, often spotted, sometimes passing 
through a yellow, predisplay phase before whitening. 
Ambulatories various, ranging from dull gray or 
brown to bright red. 

S O C I A L B E H A V I O R 

Waving display basically of vertical type; serial char
acteristics present or absent; at high intensities semi-
lateral elements sometimes present accompanied by 
elevation of carapace. Special high intensity move
ments lacking. Male usually but not always displays 
when approaching female. Copulation on surface 
near female's burrow. 

Subsurface vibration has been recorded and sur
face stridulation observed and recorded in one spe
cies (vocans). Some combat components are fairly 
well known in vocans. 

No construction activities by males have been 
observed. Some females may erect chimneys. 

R E L A T I O N S H I P S 

Comparisons with other groups will be found on p. 
18, in connection with the discussion of the sub-
generic dendrogram. Within the subgenus, tetragonon 
is clearly closer to the less specialized species in Del-
tuca than is vocans, judging by the morphology of 
the major cheliped and gonopod, as well as by the 
more restricted time spent in waving display. Mor
phologically, at least, jormosensis occupies an inter
mediate position. 

N A M E 

Thalassuca: From the Greek noun thalassa, "the 
sea"; the entire name therefore signifies "sea fid
dlers," in reference to the fact that members of this 
subgenus often live on less sheltered shores than is 
usual among XJca, sometimes thrive on oceanic is
lands, and always burrow close to low-tide levels. 
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12. UCA (THALASSUCA) TETRAGONON (HERBST, 1790) 

(Tropical Indo-Pacific) 

PLATE 13. MAP 4. 
FIGURES 37 D; 63 A, B; 81 F; 82 E; 99. TABLES 8, 10, 12, 14, 19, 20. 

INTRODUCTION 

A striking red and blue species, tetragonon is the 
most marine of all the genus and has the widest 
range. From Africa to Tahiti, it often thrives on 
shores with no more protection than a barrier reef 
and never lives near muddy river mouths. Although 
chlorophthalmus shares a similar range, that species 
shows geographical distinctions and the subspecies 
occur in different biotopes. 

In contrast, the populations of tetragonon show 
no differences in the material at hand that encourage 
either the proposal of subspecies or the discernment 
of clines. 

The populations are locally uncommon, the eco
logical requirements being obviously more restricted 
than in many other species. The most likely places 
to search are islands, either offshore or in mid-ocean, 
and always in regions rich in living coral. The bur
rows, always near low-tide level, often end deep in a 
layer of dead coral covered by silt and sand; some
times they slant beneath encrusted shells and stones. 
I have never found these crabs, nor have they been 
reported, on small atolls such as the Cook Islands; 
they probably need in their substrate the debris from 
a rather rich onshore vegetation, and perhaps varia
tions from a wholly marine salinity. Good examples 
of islands that characteristically support tetragonon 
are Raiatea in the Societies and Green Island, off 
Massawa in the Red Sea. 

A physiological study of the zoeae would doubt
less be illuminating. It seems likely that this species 
will prove to have the ability to delay metamorphosis 
for a long time, further development being triggered 
by stimuli near more or less suitable shores. 

M O R P H O L O G Y 

Diagnosis 

Thalassuca with major pollex and dactyl normally 
rounded, with furrows absent or, if faintly traceable, 
not visible distal to middle of length; oblique ridge 
inside palm indistinct, without enlarged tubercles; 
major merus with a large, sharp tooth at distal end 
of its antero-dorsal margin. Gonopod with no note
worthy torsion of tip or inner process; posterior 

flange slightly larger than anterior; pore large and 
easily seen. Carapace with orbits oblique, antero
lateral margins short, ill-defined. Minor cheliped with 
gape scarcely longer than manus. Female: gonopore 
without marginal tubercles or ridges; an oblong patch 
of pile on postero-lateral part of carapace. 

Description 

With the characteristics of the subgenus (p. 75 ) . 

MALE 

Carapace. Frontal groove of variable width anterior
ly even in same population, but usually moderately 
wide, with the sides diverging rapidly posteriorly, and 
continuing to form upper margin of eyebrows; fronto-
orbital margins with orbits moderately oblique, little 
sinuous; antero-lateral angles slightly produced, 
acute; antero-lateral margins short, converging from 
the angles, usually distinguished from dorso-lateral 
margins by a slight bend in the line of granules de
marcating the margins. Carapace not highly arched, 
the branchial chambers not notably elevated. Eye
brow narrow, almost vertical, usually traceable to 
near outer angle of orbit. Suborbital crenellations 
strong, distinct, extending from extreme outer angle 
of orbit to its inner boundary; crenellations in outer 
half well separated from each other; near inner 
boundary they are smaller and close-set but well 
formed; lower side of antero-lateral angle with apex 
sometimes serrate beneath. 

Major Cheliped. Antero-dorsal margin of merus 
without a crest, but with an irregular row of tuber
cles and a large, sharp tooth subdistally; ventral mar
gin with several irregular rows of fine granules; 
postero-dorsal margin rounded with transverse ru
gosities of similar fine granules, extending slightly 
postero-laterally; merus otherwise smooth. Carpus 
externally with granules so small that the segment is 
almost smooth; its dorsal margin with a small proxi
mal crest marked by one to several small tubercles. 
Tubercles of outer manus larger than those of carpus 
but small compared with those of vocans or the sub
genus Deltuca; they are slightly enlarged around base 
of pollex, and absent both from a submarginal region 
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along base of gape and lower part of dactyl base, 
and to various degrees from center of the large, shal
low depression at base of pollex. This depression is 
of variable extent, even within the same population; 
always triangular, it extends along the pollex itself 
ending with its attenuated acute angle more than one-
third the distance to pollex tip; hence it lies in the 
usual position of the pollex groove found in Deltuca 
and Australuca. Oblique ridge inside palm low and 
blunt, not marked with enlarged tubercles; at base of 
gape the proximal of the two ridges has large, dis
tinct tubercles; opposite dactyl base however it di
verges widely from the vertical and proceeds up and 
back as small tubercles merging with those covering 
the palm; distal ridge at dactyl base represented only 
by numerous similar small tubercles, not in rows. 
Palm with a moderate depression at pollex base. Pol
lex and dactyl normally rounded, slender and taper
ing, rather short in proportion to manus, when com
pared with vocans or many other Uca. Lower margin 
of pollex and upper margin of dactyl normally varia
ble, often arched, never straight. Pollex and dactyl 
practically always without a trace of grooves exter
nally, except for the forward extension of the triangle 
at base of pollex; very rarely in an oblique light a 
trace shows of one or two faint, very shallow depres
sions, subdorsally or both subdorsally and laterally, 
near dactyl's base; the tubercles are never interrupted 
here and the surface unevenness is not apparent ex
cept in a detailed inspection. Pollex and dactyl both 
covered externally with small tubercles about as large 
as those on upper half of manus; smaller tubercles or 
granules usually almost cover the inner surfaces as 
well. Gape often with two slightly enlarged tubercles 
on pollex at middle and beyond; and with several 
similar or smaller enlarged tubercles scattered along 
middle section of dactyl; no trace of a forceps-like 
tip to chela. 

Minor Cheliped. Fingers short, scarcely longer than 
manus; base of pollex unusually broad; serrations 
feeble, few, variable; gape slight. No continuous 
fringes of setae except for subdistal tuft. 

Ambulatories. Meri slightly expanded, about midway 
between the very broad segments of formosensis and 
their slenderness in vocans; tuberculate striae well 
developed in comparison with vocans. 

Gonopod. Inner process broad, not swollen, not 
twisted, lying against distal end of shaft in normal 
position; anterior flange slightly narrower than pos
terior, which itself is narrower than diameter of the 
conspicuous pore. Thumb of moderate size, not near
ly reaching base of flange. 

FEMALE 

Except for the usual secondary sexual differences, 
the carapace and appendages closely resemble those 

of the male. Carapace with a small, oblong patch of 
pile above base of last ambulatory; firmly attached, 
it is rarely missing and develops before maturity. 
Margin of gonopore smooth. 

Measurements (in mm) 

Largest male (Zanzibar) 
Largest male (Tahiti) 
Moderate male (Massawa) 
Largest female (Massawa) 
Largest female 

(ovigerous) (Zanzibar) 
Largest female 

(ovigerous) (Bora Bora) 
Smallest ovigerous 

female (Massawa) 
Smallest ovigerous 

female (Tahiti) 

Length 

21.0 
21.5 
15.5 
23.0 

17.5 

22.0 

12.5 

14.5 

Breadth 

34.0 
33.5 
23.0 
32.0 

25.0 

30.0 

18.0 

20.0 

Propodus 

49.0 
55.0 
31.0 
-

-

-

-

-

Dactyl 

36.0 
36.0 
17.5 
-

-

-

-

-

Morphological Comparison and Comment 

U. tetragonon differs markedly from the other spe
cies in the subgenus, formosensis and vocans, in the 
lack of unusual compression of pollex and dactyl, in 
the lack of a strong groove on pollex; in the absence 
of a pronounced, tuberculate ridge inside palm; and 
in the short fingers of minor cheliped. It differs addi
tionally from formosensis in the uncontorted inner 
process of gonopod, with larger anterior flange; in 
having a single large tooth antero-dorsally on distal 
end of major merus; in the oblique orbits and short, 
indistinct antero-lateral margins. It differs addition
ally from vocans in the less converging carapace sides 
and slightly expanded ambulatory meri. The relative
ly simple gonopod tip, lacking torsion, differs sharp
ly from that of all subspecies of vocans except v. 
borealis and v. pacificensis. The female is easily dis
tinguished from that of formosensis and vocans by 
the distinctive patch of pile on postero-lateral cara
pace and by the gonopore's smooth edge; additional 
differences are given in the discussion of vocans (p. 
86). 

U. tetragonon differs from all species of the sub
genus Deltuca in the strong crenellations throughout 
lower margin of orbit, in the virtual absence of 
grooves on dactyl and pollex, and the form and posi
tion of the female's patch of pile. 

It differs from most species of the subgenus Aus
traluca in the absence of tubercles on orbital floor 
and absence of an enlarged tooth in minor chela, and 
from all in the lack of a produced tubular tip to the 
gonopod. 

The species differs from chlorophthalmus in the 
much narrower front, which is expanded anteriorly, 
in the rough cheliped, in the presence of a large tooth 
distally on major merus, and in the wholly different 
gonopod, with subterminal thumb and distinct 
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flanges, the terminal end of the shaft not being pro
duced. 

As indicated in the introduction, any subdivisions 
of the species do not seem to be warranted on the 
basis of the available material. The species, as usual 
in widely ranging forms, is variable; allometry 
causes the inevitable complications; gonopods show 
minimal differences; collections from all localities are 
small. 

Color 

The brilliant coloration of this crab is characteristic 
in at least two regions almost half a world apart: the 
Red Sea and the Society Islands. Here display colora
tion shows a turquoise blue carapace with white spots 
and coral red appendages. 

In more detail the color is as follows: Carapace 
often dark, finely marbled at least in male and espe
cially anteriorly with buffy, yellow, green or green 
blue. Large females often have a posterior pair of 
large, round, blue spots, one just above the base of 
each posterior ambulatory; middle-sized females are 
often marked with bluish reticulations on gray backs. 
As display lightening develops, the carapace shows a 
ground color of marine blue to turquoise, with trans
verse markings or spots of pale blue to white; pale 
buffy anterior markings may persist. All-white cara
paces are not attained. No red ever appears on dorsal 
part of carapace. 

Pterygostomian regions and 3rd maxillipeds blue 
or red; sides of carapace, sternum, and abdomen 
usually with red markings. Eyestalks dark to mottled 
pink to yellowish. Both chelipeds and all ambula
tories bright red, usually orange red, at least in larger 
displaying males, and usually in an entire population 
at an active time of the day. Outer surface of major 
cheliped sometimes paler than inner surface. Lower 
outer manus sometimes with a red spot distinct from 
the surrounding paler color, but sometimes not stand
ing out from the suffusing red of the appendage; this 
spot has been mentioned in old descriptions as per
sisting in preserved specimens. Major chela pink to 
white. 

S O C I A L B E H A V I O R 

Waving Display 

Wave vertical, but with cheliped held consistently, 
and brought to rest between waves of a series, at an 
acute angle to the front. Wave low, the tip of chela 
rarely reaching tip of eye; at this height the cheliped 
is unfiexed, the mero-carpal joint being held low. 
Jerks absent. Waves strongly serial, 3 to 10 waves in 
each series in both western and eastern parts of Indo-
Pacific region. Body very slightly raised during each 
wave so that it is at most level with mero-carpal joints 

of ambulatories. Walking during waving is usual, and 
males without territories sometimes wave. Waving 
rate: more than 2 waves per second. (Waving com
ponents: 1, 3, 9, 10; timing elements: Table 19, p. 
656.) 

Precopulatory Behavior 

Males on Bora Bora and at Massawa seen to ap
proach females, with or without waving, and cover 
them on the surface. 

Chimney Construction 

Some females in east Africa inhabited chimneys, to 
which they at least added material, brought as usual 
from some distance away. Once in Zanzibar a male 
followed such a female through the chimney into her 
burrow. 

Acoustic Behavior 

At the surface major-merus-rubs and leg-wags were 
observed and filmed (components 1 and 5) . Under
ground sounds were recorded on tape in Massawa 
(biotope no. 4 ) . 

Combat 

A single brief combat was filmed in Zanzibar. A heel-
and-hollow (component 11) preceded the forceful 
end. 

R A N G E 

U. tetragonon ranges throughout the Indo-Pacific 
from East Africa to the Tuamotus, from the Sinai 
Peninsula to Madagascar, and from Wake Island to 
subtropical Australia. 

BlOTOPES 

Lowest tidal levels, often barely protected by a strait 
or reef from open ocean. Often among conglomerates 
of mixed coral and shell, on mud or muddy sand, 
sometimes with underlying dead coral. Further com
ment in the introduction to this species. (Biotope 
nos. 4, 5.) 

S Y M P A T R I C A S S O C I A T E S 

In Massawa and Zanzibar U. tetragonon and vocans 
were found mingling, as described on p. 88. On is
lands of the tropical Pacific chlorophthalmus eras-
sipes (subgenus Amphiuca), the only other Uca 
found east of Samoa, often lives adjacent to tetra
gonon on the next higher biotope; the two popula
tions sometimes overlap. 
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MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens is given in Appendix 
A, p. 596.) 

Observations and Collections. Ethiopia: Eritrea: 
Massawa. Zanzibar. Philippines: Tawi Tawi. British 
Samoa: Apia. Society Islands: Bora Bora; Raiatea; 
Tahiti. 

Film. Ethiopia: Massawa. Zanzibar. Tahiti. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca tetragonon (Herbst, 1790) 

TYPE of Cancer tetragonon Herbst. Apparently not 
extant. Originally in Herbst collection, Berlin. 

NEOTYPE. In Museum National d'Histoire Naturelle, 
Paris. One male, selected by J. Crane from a group 
of 3 males and 3 females, all dried and in good con
dition; they were distributed among 3 boxes, 1 male 
and 1 female in each, from 3 localities; each box 
was marked "Type," both on the inside label and on 
the bottom of the box. The specimen selected is from 
Box 1 and labeled, both inside and on the bottom, 
in full, as follows: "Gelasimus tetragonon Herbst. 
Type. Egypte." 

The other specimens are labeled as follows: Box 
2: "Gelasimus tetragonon Herbst. Type. A. Milne 
Edwards det. Collection A.M. Edwards 1903. Nou-
velle Caledonie." Box 3: "Gelasimus tetragonon 
Herbst. Type male, female. 792.66. lies Sandwich." 

All the specimens are characteristic examples of 
U. tetragonon. 

The handwriting on the inside labels of all the 
boxes is the same, and different from that on the 
boxes' undersides, which were obviously labeled by 
another person. Herbst (1790) ends his type de
scription with the words: "Das Vaterland ist mir 
unbekannt." It seems that A. Milne-Edwards prob
ably selected the above 6 specimens in the Paris 
museum to stand in place of Herbst's presumably 
missing type. H. Milne-Edwards does not comment 
on these specimens in his account of tetragonon 
(1852: 147). Since no designation was made of a 
single neotype, the male from Egypt is now sug
gested for this role. 

The Hawaiian ("lies Sandwich") locality on the 
label in the third box may well be an error for Bora 
Bora, as is apparently the case with similarly labeled 
specimens of chloropthalmus. While it is of course 
possible that both these species formerly occurred in 
Hawaii, it seems more likely that a substitution of 
place names has occurred (see p. 597 and Edmond-
son, 1933: 270). 

Type Material of Gelasimus duperreyi Guerin, 1826. 
Not found in Museum National d'Histoire Naturelle, 
Paris, or in Academy of Natural Sciences, Philadel
phia. Synonymy of this name with tetragonon based 
on type illustration (PI. 1) and my complete lack of 
success in finding any specimens throughout tetra-
gonon's wide range which are not referable to the 
single form, tetragonon. Milne-Edwards (1852), 
Kingsley (1880.1), and Alcock (1900) also syn-
onymized them. 

Type Material of Gelasimus variatus Hess, 1865. 
Examined in museum at Gottingen. Three males in 2 
vials, each with outer label on red paper, indicating 
type material. Cat. no. 52a. Outer label: "Gelasimus 
variatus. Schiitte 1864. Sydney." Inner label: "Gela
simus variatus identisch mid Gelasimus tetragonon 
(Herbst) Riipp. Teste Dr. J. G. De Man 12/4 
1886." Contents: 2 males; measurements in mm: 
length 15, propodus 31; length 15, propodus 28. Cat. 
no. 52b. Outer label: "Gelasimus variatus. Hess. 
Schiitte 1876. Australien." (No inner label.) Meas
urements in mm: length 17; propodus 41. My exami
nation of the specimens leads me wholly to agree with 
de Man's conclusion on no. 52a; G. variatus is there
fore here synonymized with U. tetragonon. Milne-
Edwards (1837: 52) in a footnote to his account of 
G. tetragonon ends the list of references with the 
entry: "Gelasima variegata, Latr. Coll. du Mus. 
(fem.)." This specimen was not found in the Museum 
National d'Histoire Naturelle at Paris when I ex
amined the collection in 1959. 

Type Material of Gelasimus tetragonon var. spini-
carpa Kossmann, 1877. Red Sea. In the Rijks-
museum van Natuurlijk Historie, Leiden, under cat. 
no. 1493, is a single male with the following label: 
"Uca tetragonon (Herbst) var. spinicarpus Kossm. 
Kossmann 1880. Roode Zee." Measurements in mm: 
length 12; propodus 23. Examination shows this 
crab to be a young example of Uca vocans, lepto-
chelous, with the claw probably regenerated. On the 
basis of this specimen, apparently identified by Koss
mann and presented by him to the museum, the 
variety is here referred to the synonymy of U. vocans. 

Type Material of Gelasimus desjardinii Guerin, MS. 
Mauritius: Not found in Museum National d'Histoire 
Naturelle, Paris. Identification of this unpublished 
form made on the basis of dried specimens from 
Mauritius in the Academy of Natural Sciences, Phila
delphia. Kingsley (1880) also referred this material 
to tetragonon. 

Note on the spelling of tetragonon. Several of the 
authors cited below under References and Synonymy 
used the spelling tetragonum. No distinction is made 
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in the references between the two endings, there be
ing no apparent justification for the -um termination. 
Some other authors listed under Uca tetragonon give 
the species name the feminine ending a, treating it 

REFERENCES AND SYNONYMY 

Uca (Thalassuca) tetragonon 
(Herbst, 1790) 

Cancer marinus, minor, vocijerans 

Seba, 1758 and 1761. Vol. 3: 48; PI. 19, Fig. 15 
(a female). 

Cancer tetragonon* 

TYPE DESCRIPTION. Herbst, 1790: 257; atlas, PI. 20, 
Fig. 110 (after Seba). 

Ocypode tetragona** 

Olivier, 1811: Vol. 8: 418. East Indies. No new 
material. 

Goneplax tetragonon 

Latreille, 1817.1: 17. Reference to illustration of 
type of Cancer tetragonon. 

Gelasimus duperreyi 

Guerin, 1829: PI. 1, Figs. 2, 2 A. Bora Bora. Illus
trations in lieu of type description. 

Dana, 1852: 317. Tongatabu; Upolu. Taxonomy. 

Gelasimus tetragonon 

Riippell, 1830: 25; PI. 5, Fig. 5; PI. 6, Fig. 20. 
Red Sea: near Massawa. Taxonomy; color; brief 
habitat and habits. 

Milne-Edwards, 1837: Vol. 2: 52. Red Sea; Mau
ritius. Taxonomy. 

Guerin, 1838: 10 (part). Synonymizes G. duper
reyi, represented in Guerin, 1829, by PI. 1, Figs. 2 
and 2 A, with G. tetragonon. He also synonymizes 
with G. tetragonon another species, G. affinis, which 
is represented by Fig. 3 on the same plate and illus
trates a major claw. For comments on the claw's 
identity and the taxonomic status of G. affinis, see 
p. 322. 

White, 1847: 36. 
Milne-Edwards, 1852: 147. Red Sea; Tongatabou. 

Taxonomy. 
Heller, 1865: 37. Red Sea; Nicobar Is. 
Hilgendorf, 1869: 84. Zanzibar. Taxonomy. 

*Not Cancer tetragonus of Fabricius, 1798: 341. 
**Not Ocypoda tetragona of Bosc, 1802: 198, or Bosc, 

edited by Desmarest, 1830: 251. 

as an adjective. This practice is also disregarded in 
the list, the original name, tetragonon, being consid
ered a substantive in apposition, not an adjective in 
agreement. 

Hoffmann, 1874: 16. Madagascar: Nossy-Be. 
Taxonomy. 

Kossmann, 1877: 52. Red Sea. 
Kingsley, 1880.1: 143. Taxonomy. 
Miers, 1886: 243. Tahiti; Arrou Is. Taxonomy. 
de Man, 1887.2: 353. Noordwachter I. 
de Man, 1891: 24. Tahiti; Samoa. Taxonomy. 
Ortmann, 1894.2: 754. Tahiti; Salanga. 
Whitelegge, 1898: 138. Ellice Is.; Funafuty I. 

Taxonomy. 
Alcock, 1900: 357. Andaman Is. Taxonomy. 

First use of spelling tetragonum. 
Sewell, 1913: 344. Southeast Burma: Tavoy I. 

Habitat; color. 
Bouvier, 1915: 303. Seychelles: Grand Port. Tax

onomy. 

Gelasimus variatus 

Hess, 1865: 146. Australia: Sydney. Type descrip
tion. 

Kingsley, 1880.1: 154. Description from type de
scription. 

Gelasimus tetragonon var. spinicarpa 

Kossmann, 1877: 52. 

Uca tetragonon 

Ortmann, 1897: 348. Tongatabou. 
Doflein, 1899: 193. Sinai Peninsula. 
Lanchester, 1900.1: 754. Singapore. 
Lanchester, 1902: 549. Malaya: Trengganu. 
Rathbun, 1902.2: 123. Maldive Is. 
Nobili, 1906.2: 151. Red Sea: Hot Ente Ara. 

Taxonomy; color. 
Nobili, 1906.3: 313. Red Sea. Taxonomy. 
Rathbun, 1907: 26. Society Is.: Bora Bora. 

Friendly Is.: Tongatabou. Gilbert Is.: Tarawa. 
Borradaile, 1907: 66. Seychelles: Mahe. Chagos 

Arch.: Barachbis, Diego Garcia, Chagos. Specimens 
in mangrove swamp at Mahe. [This atypical habitat 
for the species needs checking.] 

Nobili, 1907: 408. Polynesia: Rikitea; Gatavake 
Kirimino. Taxonomy. 

Laurie, 1915: 416. Red Sea. 
Tesch, 1918: 39. East Indies: Bay of Bima, Sum-

bawa, Karakelang, Talaud Is., Kur L, west of Kei Is. 
Taxonomy. 
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Gravier, 1920: 472. Madagascar. 
Balss, 1924: 15. Red Sea. 
Edmondson, 1925: 59. Central Pacific: Wake I. 

(Bishop !) 
Maccagno, 1928: 22; Text Figs. 6, 7, 8. Red Sea: 

Isole Key; Massawa. Persian Gulf. New Guinea. Tax
onomy. (Torino !, except specimens from Persian 
Gulf.) 

Edmondson, 1933: 270; in 1946 edition: 311. 
Not found in Hawaii. Brief taxonomy. 

Balss, 1938: 75. Gilbert Is.; Marshall Is. 
Estampador, 1937: 543. Philippines. 
Holthuis, 1958: 52. Red Sea: Sinai Peninsula 

(Abu Zabad). Carapace breadth 33 mm. 
Miyake, 1959: 223, 242. Gilbert Is.; Marshall Is. 
Estampador, 1959: 100. Philippines. 
Forest & Guinot, 1962: 70. Distribution. 

Uca duperreyi 
Ward, 1939: 14. Tongareva (Penryn). Taxonomy. 
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13. UCA (THALASSUCA) FORMOSENSIS RATH BUN, 1921 

(Subtropical Indo-Pacific: northwest Taiwan) 

PLATE 14 A-D. MAP 4. 
FIGURES 63 C; 99. TABLE'8. 

INTRODUCTION 

This elusive species appears to be known from less 
than a dozen preserved specimens. I was unable to 
find it in northwest Taiwan at the type-locality in its 
only known habitat. According to Takahasi (1935), 
it lives on muddy shores near low tide level in the 
neighborhood of a river. 

The species obviously belongs with tetragonon and 
vocans in the subgenus Thalassuca; its differences 
from both, equally obviously, are of specific rank. It 
seems likely that jormosensis is the northern, allo-
patric representative of tetragonon, a species that has 
not been recorded in this latitude. Because of the 
scanty material, it is not listed here as an allopatric 
species under a superspecies, tetragonon. 

M O R P H O L O G Y 

Diagnosis 

Thalassuca with major pollex and dactyl flattened, 
furrows very faint or absent; oblique ridge inside 
palm low but with its tubercles moderately large and 
fairly regular; major merus with a cluster or row of 
small, sharp tubercles at distal end of antero-dorsal 
margin. Gonopod with anterior flange rudimentary, 
posterior flange large; inner process broad, thick
ened, strongly curved forward. Carapace with orbits 
almost straight; antero-lateral margins well devel
oped. Minor cheliped with fingers much longer than 
manus. Merus of first 3 ambulatories broad; that of 
4th moderate but in male dorsally almost straight. 
Female: dorso-lateral margins strongly beaded; gono-
pore with outer, posterior quarter of margin raised; 
no pile on postero-lateral part of carapace; 4th ambu
latory with merus convex. 

Description 

With the characteristics of the subgenus (p. 75). 

MALE 

Carapace. Tip of front expanded; groove with ante
rior margin narrowly U-shaped. Fronto-orbital mar
gin practically straight; antero-lateral angles little 
produced, almost rectangular; antero-lateral margins 

strongly developed, scarcely converging, sometimes 
even diverging slightly on major side; then curving in 
to form convergent, well-marked, dorso-lateral mar
gins. Carapace highly arched, the branchial chambers 
strongly tumid. Eyebrow broad internally, narrow 
externally, almost vertical, traceable to middle of 
orbit or beyond. Suborbital crenellations low; dis
tinct, except sometimes at internal angles. 

Major Cheliped. Merus with a low, sharply tubercu-
late, antero-dorsal crest, highest distally, where it 
sometimes ends in a cluster of small, sharp, unequal 
tubercles; in one of the type specimens the distal 
tubercles remain in a single line surmounting the 
crest; ventral margin of merus with two rows, almost 
regular, of similar tubercles; postero-dorsal margin 
rounded and indistinct, rugose with irregular small, 
blunt tubercles. Carpus with dorsal margin proxi-
mally crested, its tubercles continuing those on outer 
surface. Tubercles of outer manus not larger than 
those on carpus, low, well separated; those on lower 
half sometimes in a faintly reticulate pattern; at pol
lex base a large, slightly depressed, non-triangular 
area with its tubercles much smaller than those near
by. Oblique ridge inside palm low but definite with 
distinct tubercles in an almost regular row; proximal 
ridge at base of dactyl well developed and tubercu-
late; distal ridge variable, with the tubercles strong 
or weak, sometimes irregular. Central palm almost 
smooth, the granules being minute and well-sepa
rated. A moderate depression inside palm at pollex 
base. Fingers flattened, moderately slender, pollex 
lower margin and dactyl's upper one practically 
straight, not arched. Pollex smooth except for a low 
ridge near outer lower margin, marked proximally 
by tubercles that start on lower manus and die out 
before end of pollex; against upper side of this ridge 
runs a slight crease; both crease and ridge essentially 
form a submarginal rim along pollex edge, unlike the 
lateral furrow of vocans and Deltuca, and are not 
continuous with the depression at pollex base. Dactyl 
smooth inside and out except for tubercles proximal
ly and dorsally; subdorsal furrow moderate; laterally 
a faint furrow is traceable only in middle region. 
Tubercles of gape very small except for an enlarged 
tooth in pollex and one or two in dactyl, all proximal 
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to middle; distal to this point gape is almost lacking, 
its edges meeting through most of its length; no trace 
of a forceps-like tip to chela. 

Minor Cheliped. Fingers much longer than manus. 
Gape extremely narrow, practically absent in distal 
two-thirds where alone minute serrations occur; 
horny tip broad, obliquely spatulate. 

Ambulatories. All meri wide compared with other 
Thalassuca, the 2nd and 3rd notably so; nevertheless 
dorsal margin of 4th is almost straight. 

Gonopod. Inner process long, broad, thick; almost 
its entire visible portion is bent obliquely forward, at 
right angles, so that its tip lies across base of pore; 
anterior flange very narrow; posterior flange broad 
and truncate, little curved, much wider than pore 
which, however, has a moderately large diameter. 
Thumb of moderate length, not nearly reaching base 
of flange. 

FEMALE 

Antero-lateral and, especially, dorso-lateral mar
gins strongly beaded. No pile on postero-lateral cara
pace. All ambulatory meri broad, more or less con
vex dorsally, including 4th. Gonopore with entire 
postero-external quarter of rim elevated but not 
tubercular in form. 

Measurements (in mm) 

Holotype male 
Smaller type 

specimen, male 
Moderate male 
Largest female 

Length 
(Rathbun) 

18.4 

17.0 
15.5 
18.0 

Breadth 
(Rathbun) 

28.8 

27.6 
25.0 
28.5 

Propodus 

61.0 

56.0 
39.0 
-

Dactyl 

47.5 

40.0 
26.5 

Morphological Comparison and Comment 

U. jormosensis differs clearly from the other two spe
cies in the subgenus in having small, spinous tuber
cles, not a single large spine or tooth, antero-dorsal-
ly on distal end of major merus, in the broader merus 
of all ambulatories in both sexes and in the thickened 
and twisted inner process of the gonopod. Differs ad
ditionally from tetragonon in the flattened major pol-
lex and dactyl and in having distinct and regular 

REFERENCES AND SYNONYMY 

Uca jormosensis 

TYPE DESCRIPTION. Rathbun, 1921.3: 155. For
mosa. (!) 

Takahasi, 1935: 78. Formosa. Habits. 

tubercles on oblique ridge inside palm, while the fe
male lacks pile on posterior part of carapace, and 
has a beaded dorso-lateral margin. Differs addition
ally from the sympatric vocans borealis in having 
posterior, not anterior, flange of gonopod the larger. 
Differs from arcuata, also found in the same locality, 
in the flattened major pollex and dactyl, virtually 
without furrows, in the small size of tubercles on 
outer manus, in the thick and twisted inner process 
of gonopod, and in the form of lower orbital margins, 
which lacks a blunt ridge behind edge, this margin 
being erect, as in all Thalassuca, not rolled out as is 
usual in Deltuca. 

With its straight orbits, distinct antero-lateral mar
gins, arched profile, and tumid branchial regions the 
carapace is similar to that of arcuata and other spe
cies subjected to periodic desiccation (p. 451). 

SOCIAL BEHAVIOR 

Combat 

"In those species which are small in population the 
fighting habits are generally well developed and this 
is most remarkable in Uca jormosensis" (Takahasi, 
1935). 

R A N G E 

Northern Taiwan from central part of west coast to 
extreme northeast. 

BlOTOPES 

According to Takahasi (1935), jormosensis occurs 
on muddy beaches near the mouth of the Tamsui 
River, both in clayey mud with arcuata and in the 
"vegetation" zone, associating with vocans and 
arcuata. 

T Y P E MATERIAL 

Uca jormosensis Rathbun, 1921 

TYPE MATERIAL. In Smithsonian Institution, National 
Museum of Natural History, Washington. Holotype, 
cat. no. 54472. Formosa: Taichu: Rokko. One ad
ditional male marked "type" from the type-locality. 
Measurements in mm above. (!) 

Gelasimus jormosensis 

Sakai, 1939: 620. Formosa. Taxonomy; habitat. 
Sakai, 1940: 58. Distribution (Formosa only). 
Lin, 1949: 26. Formosa. 
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14 UCA {THALASSUCA) VOCANS (LINNAEUS, 1758) 

(Tropical Indo-Pacific) 

PLATES 14 E-H; 41 A. 

FIGURES 38 I-L; 56 B; 60 C-E; 64 A-FF; 92; 99. 
MAP 20. 
TABLES 3, 8, 10, 12, 14, 19, 20, 22. 

INTRODUCTION 

This Indo-Pacific fiddler is undoubtedly one of the 
most abundant in the world. Because of its exposed 
habitat, vocans is also one of the easiest to find and 
observe. Populations thrive in the sandy mud along 
the edges of protected bays. Although the crabs are 
most numerous near river mouths, freely surging 
tides seem essential. This species lives closer to low-
tide levels than does lactea, its usual associate, al
though the populations are often mixed in the middle 
levels. 

Throughout most of its wide range vocans can be 
recognized promptly by the yellow to orange red 
color on the lower manus and pollex. Displaying 
crabs in some populations change color strikingly 
and completely, shifting from gray to yellow to pure 
white in a fashion similar to some species in the 
American subgenus Uca. 

For many years vocans was best known as mario-
nis and its variety, m. nitida. These two forms, fully 
sympatric, represent merely strong examples of a 
claw dimorphism common in the genus. Holthuis 
(1959) resurrected the appropriate older name used 
by Linnaeus, who in turn was preserving the name 
given by Rumphius in 1705. 

The species divides readily into six subspecies, 
which occasionally show the usual signs of mingling 
in the Sunda region. The forms are distinguished pri
marily by morphological details of gonopods and 
gonopores, by visual display rhythms, and, some
times, as mentioned above, by cheliped color. As in 
the subspecies of dussumieri and lactea, the most 
specialized form morphologically and behaviorally is 
the one occurring in the crowded Philippines-Java 
axis. The least specialized morphologically is the sub
species found in subtropical Hong Kong and west 
Taiwan; behaviorally, the least specialized is the sub
species in northwest Australia, in which the waving 
display is strongly serial. These forms, especially in 
places where they seem to hybridize, offer superb 
opportunities for further study. 

MORPHOLOGY 

Diagnosis 

Thalassuca with major pollex and dactyl flattened, 
the dactyl especially notably broad, without furrows 
except for basal traces subdorsally; pollex with deep 
outer furrow in basal two-thirds; ridge inside palm 
high, its tubercles strong; tubercles on outer margin 
of palm large, particularly near depression at pollex 
base; major merus with a large, sharp tooth at distal 
end of its antero-dorsal margin. Gonopod usually 
with entire tip, or some of its elements, twisted; in 
subspecies without twisting anterior flange is wider 
than posterior. Carapace in male with orbits oblique, 
antero-lateral as well as dorso-lateral margins absent 
or nearly so. Minor cheliped with gape much longer 
than manus. Merus of all ambulatories slender. Fe
male: gonopore with marginal tubercle or other 
structures; no pile on postero-lateral part of cara
pace; dorso-lateral margin strongly beaded. 

Description 

With the characteristics of the subgenus (p. 75). 

MALE 

Carapace. As in tetragonon (p. 77), except for the 
more converging carapace sides in most subspecies 
and frequent absence both of an antero-lateral mar
gin and of any line of granules demarcating a dorso
lateral margin. 

Major cheliped. Merus as in tetragonon, except that 
the postero-dorsal ridge distally often is distinctly 
crested, with or without tubercles; a second, 
small tooth, or short low crest, sometimes present at 
base of large subdistal tooth on antero-dorsal mar
gin. Carpus dorsally with a single medium-sized small 
tooth or low crest culminating in the tooth; outer sur
face of carpus completely smooth except in dorsal 
and distal parts, where there are granules or small 
tubercles, strongly developed only in the most north
ern and eastern subspecies. Tubercles of outer manus 
large, but varying with the subspecies, largest on 
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lower half of manus, absent from shallow, triangular 
depression at pollex base. In vocans this depression 
is extremely large in all subspecies, one angle reach
ing proximal to middle of manus, another almost to 
the lower edge of dactyl, and the third, as in tetra-
gonon, well out on pollex, whence in vocans it con
tinues still further as a groove, usually pronounced 
and always distinguishable; depression and groove 
sometimes with pile, easily detached. Oblique ridge 
inside palm high, thin, sharp, except in borealis 
where it is neither thin nor especially high; in all sub
species it is usually crowned with close-set tubercles; 
proximal ridge at dactyl base lower but similar, high
est opposite ventral margin of dactyl; distal ridge 
obsolescent or absent. A moderately deep depression 
inside palm at pollex base. Palm between and on 
ridges covered with small to fine tubercles or gran
ules. Pollex and dactyl strongly compressed and 
notably broad, even in the most leptochelous speci
mens; base of dactyl particularly broad. Except in 
borealis and, weakly, in vomeris, no trace of grooves 
on dactyl except for one or two short subdorsal 
depressions among the tubercles; pollex groove de
scribed above in connection with depression at pol
lex base. Pollex and dactyl practically smooth ex
ternally except for minute granules near gape and 
for small tubercles, proximally and dorsally, on dac
tyl. Both edges of gape notably sinuous and uneven, 
the pollex often having two large triangular projec
tions margined with fine tubercles, one occurring near 
gape's middle, the other subdistally. These projec
tions, characteristic of Milne-Edwards' marionis 
nitidus, occur in all populations known to me except 
in the subspecies dampieri and vomeris, where the 
median projection seems never to appear; in all oth
ers this striking pollex represents merely the broad 
form of chela characteristic of all Uca, but especially 
notable in Indo-Pacific narrow-fronted species, in
cluding vocans (see p. 459 and Fig. 38). No trace 
of a forceps-like tip on chela. 

Minor Cheliped. Fingers clearly longer than palm, 
serrations absent or nearly so, gape varying with the 
subspecies from moderate to broad. 

Ambulatories. Fifth merus always slender; others 
slender to slightly expanded. Armature weak even 
for this subgenus, with marginal serrations small, 
subdorsal spinules minute and posterior surfaces al
most or wholly unarmed. 

Gonopod. Highly various among the subspecies, but 
scarcely variable within them. These intrasubspecific 
differences appear to be confined to minute details of 
proportion, as in individual flanges or thumb shape. 
Inner process always broad and distally flat; some
times its base is greatly swollen and overhangs the 

flanges and pore; sometimes the entire structure 
twists toward outer side of shaft. Flanges always 
present, sometimes also showing torsion, but toward 
the inner side, opposite from the direction of twist 
by inner process; either anterior or posterior flange 
the broader, depending on subspecies. Pore with 
diameter small, always smaller than breadth of the 
wider flange. Thumb various, ranging from short and 
not reaching base of flange, to long and reaching be
yond its base; often twisted in accordance with the 
torsion of the inner process. 

FEMALE 

Except for the usual secondary sexual differences, 
the carapace and appendages closely resemble those 
of the male. No pile on postero-lateral region of cara
pace. Gonopore margin always with one or more 
tubercles or thickened ridges. 

Measurements (in mm) 

Maximum length about 16; additional data included 
in descriptions of subspecies. 

Morphological Comparison and Comment 

U. vocans differs markedly from the other species in 
the subgenus, formosensis and tetragonon, in the dis
tinct furrow extending along most of pollex, in the 
high, usually thin, oblique ridge inside manus, and 
in the notably slender meri of the ambulatories. Dif
fers additionally from formosensis in having a single 
large tooth antero-dorsally on distal end of major 
merus, in the more oblique orbits, and in the lack of 
marked antero-lateral margins. Differs additionally 
from tetragonon in the more converging carapace 
and, in most of its subspecies, in the twisted tip of 
the gonopod. 

Differs from all species of the subgenus Deltuca in 
the presence of strong crenellations across entire 
breadth of suborbital margin and in the absence of 
a distinct groove running most of dactyl's length. 

Differs from Australuca and Amphiuca in ways 
exactly similar to the differences listed under tetra
gonon (p. 78). 

Female vocans differ clearly from some females of 
the subgenus Deltuca and all Australuca in lacking 
a large tooth in the cheliped. Differ from females of 
tetragonon in having marginal structures along the 
edge of the gonopore. Differ additionally from tetra
gonon as follows: no pile on postero-lateral region of 
carapace; orbits less oblique; cheliped manus and 
chela less deep with fingers longer, their dorsal and 
ventral margins always regularly fringed with long 
setae. 



U. (THALASSUCA) VOCANS 87 

Morphological Bases of Subspecies (pp. 90ff.; Table 
3; Fig. 62). The subspecies are characterized dis
tinctly by differences in gonopods and gonopores; 
no differences between or within populations have 
been found of a kind to make questionable the sub-
specific identification of an individual through its 
gonopod alone; these characters remain distinct even 
in zones of apparent hybridization. 

Secondary distinctions that set off one or more 
subspecies consist of tubercle size on outer manus, 
height of oblique ridge on palm, shape and grooving 
of dactyl, absence in all individuals of median nitida 
projection, and presence of dorso-lateral carapace 
margin in male. Other differences occur principally 
in males, but are too variable to be of much taxo-
nomic use; they include eyebrow width, shape of 
frontal groove, and development of antero-lateral 
margins. In all subspecies the females and young 
males have eyebrows and dorso-lateral margins well 
developed, while antero-lateral margins are distinct. 

In contrast to the form of the gonopod, the most 
distinct of the secondary subspecific characters, and 
sometimes also the female's gonopore, show strongly 
mixed characteristics in zones of subspecific overlap. 
In both New Guinea and the South Philippines, 
where pacificensis extends westward to mingle rarely 
with vomeris and vocans, respectively, the gonopod 
remains clearly pacificensis, a relatively simple struc
ture, and the gonopore usually also as in pacificensis. 
The dactyl's breadth, markedly wide in pacificensis, 
appears intermediate, and the dorso-lateral marginal 
line, wholly absent in males of vomeris and vocans, 
is always distinct as in pacificensis, though almost 
always shorter than farther east. In the rare speci
mens with gonopods like hesperiae that have been 
taken in Malaya and Singapore, secondary differ
ences are too slight and the material too rare to make 
comment desirable at this time. 

Female gonopores are not oriented in conformity 
with the torsion of the gonopod but rather are 
adapted to it through the varying development and 
location of marginal ridges and tubercles (p. 465). 

Color 

Characteristic of all subspecies in all phases is an 
orangeish patch on the lower manus and base of pol-
lex. The only exceptions are rare specimens attain
ing complete display white. The spot ranges from 
dull ochre in individuals not in full display color 
through bright orange or flaming orange red to pale 
yellow in specimens otherwise brilliantly white. Dis
play white of at least the carapace and usually the 
underparts is developed throughout the range in both 
sexes, but in most populations many non-white indi
viduals display. The buccal and pterygostomian re

gions often whiten before the rest of the carapace. 
During the whitening process the major cheliped is 
usually yellow except for the deeper colored manus 
and pollex base. The ambulatories whiten only rare
ly, often brightening only from chocolate to purple; 
in females the anterior faces of the meri often are 
bright purplish red, as are the minor chelipeds in 
both sexes. On Inhaca Island, Mozambique, yellow 
carapaces and chelipeds were first reported by Gor
don (1958); this yellow phase also occurs occasion
ally in Fiji. There is a clear similarity in all these dis
play and pre-display colors to those of stylifera 
among the members of the American subgenus Uca, 
and in cheliped characteristics to heteropleura in the 
same group. 

In contrast, in northwest Australia pre-display 
color is characterized by a carapace blue with white 
spots, shifting to white with blue and turquoise spots, 
and finally, as usual, to white. The pre-display phase 
in Zanzibar is dull with pale gray spots. In Singapore 
the lightening commonly commences with horizontal 
pale streaks. Throughout the geographical range of 
the species the non-displaying phase varies from dull 
gray to dark brown and is often mottled. 

In the observed populations of Fiji, New Cale
donia, eastern Australia, northwest Australia, and, 
rarely, of Zanzibar, the proximal major dactyl, re
gardless of the degree of display white attained, 
ranges from violet to pale pink, rarely continuing to 
white; in contrast, in all observed populations in Tai
wan, Hong Kong, the Philippines, northern New 
Guinea, Malaysia, west India, and east Africa, save 
for the noted Zanzibar exceptions, the major dactyl 
is clear yellow, often continuing to white. In Zanzi
bar and New Guinea this violet pink versus yellow 
distinction does not coincide with the prevailing dac
tyl color of the local subspecies. 

S O C I A L B E H A V I O R 

Waving Display 

Wave vertical, often tending toward a semi-unflexed 
wave, depending on intensity and on subspecies. Up
per edge of dactyl reaching at most slightly above the 
tip of eye. Jerks absent. Waves non-serial except at 
middle and high intensities in northwest Australia 
(v. dampieri) and, in at least the New Caledonia 
population of v. vomeris, at middle intensity only. 
Upstrokes ranging from much longer than down-
stroke to an equal duration. Carapace with each wave 
markedly raised at least anteriorly being simultane
ously depressed behind; at highest intensity the entire 
body is sometimes raised. Walking during waving is 
usual, and males without territories sometimes wave. 
Waving rate ranges widely from more than 2 waves 
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per second to 1 wave every 2 seconds. (Waving com
ponents: 1, 3, 9, 10, 14; timing elements: Table 19, 
p. 656.) 

Precopulatory Behavior 

Male approaches female, with or without waving, and 
the usual stroking and plucking motions follow. In 
both Zanzibar and New Guinea I have observed 
copulations with ovigerous females, while the preva
lence of spermatophores in the gonopores of these 
egg-bearing individuals indicates that it is a usual 
type of behavior. See also p. 504. Herding of im
mature females occurred occasionally in Fiji and 
New Guinea (p. 503). 

Acoustic Behavior 

At the surface two components have been observed 
and filmed: major-merus-rubs, with circling motion 
and leg-wags (nos. 1 and 5) . Underground sounds 
have been recorded on tape in Massawa, New Cale
donia and Fiji (PL 47). 

Combat 

The following components have been filmed: manus-
rubs and heel-&-hollows (nos. 1 and 11), as well as 
forceful manus-pushes. In New Guinea, manus-rubs 
were more prevalent than manus-pushes, and manus-
&-pollex tappings in the course of a rubbing com
ponent were prevalent. During 1969 in Fiji and New 
Guinea several other components were observed but 
not filmed; these were the interlace (no. 9) , a com
ponent probably ubiquitous in the genus, and two 
others hitherto unknown, the dactyl-along-pollex-
groove and the subdactyl-&-suprapollex saw (nos. 
14, 15). Each of these last two components is of 
special interest since it involves morphological 
peculiarities of the vocans pollex. 

R A N G E 

U. vocans ranges from East Africa to Samoa, from 
the Red Sea to Natal, and from Okinawa to sub
tropical Australia. Although reported from Japan, it 
now seems to be extinct there (fide Sakai). The six 
subspecies to be distinguished are distributed as fol
lows. U. vocans borealis: northeast China; northwest 
Taiwan; Hong Kong. U. v. pacificensis: islands of 
western Pacific north to Guam and Marshalls, east 
and south to Fiji and Samoa; in the west it appar
ently hybridizes with the local subspecies in three 
regions, namely New Guinea, Amboina, and the 
southern Philippines. U. v. vomeris: New Caledonia; 
eastern Australia regularly south to Trial Bay; also 

present in a sheltered locality near Sydney; eastern 
New Guinea. U. v. dampieri: northwest Australia 
south to Broome. U. v. hesperiae: east Africa from 
the Red Sea to the northern part of Cape Province, 
western India, Ceylon, Burma, rare and perhaps 
hybridizing in Malaya and Singapore. U. v. vocans: 
Malaysia, Indonesia, Philippines, Nansei (Ryukyu) 
Islands. 

BlOTOPES 

Unshaded sandy mud to mud along lower tide levels 
of protected bays. (Biotopes 6 B, 8.) 

S Y M P A T R I C A S S O C I A T E S 

In Massawa and Zanzibar U. vocans and tetragonon 
were found mingling in restricted areas; in each of 
these examples vocans occupied its usual biotope, 
while tetragonon, its consubgeneric, was on a shore 
less exposed than usual. In each area of overlap, 
however, the substrate included or was adjacent to 
encrusted stones and old coral, such as are charac
teristic of tetragonon'?, typical habitat. 

The usual associate of vocans throughout its range 
is lactea, of the subgenus Celuca, a species typical of 
a slightly higher biotope (6 A) . The two species 
frequently share a wide intermediate strip. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 597.) 

Observations and Collections. U. vocans borealis: 
Taiwan: near Taipei. Hong Kong. U. v. pacificensis: 
Samoa. Fiji. Northeast New Guinea: near Madang 
(apparently hybridizing with U. v. vomeris). Philip
pines: various localities on Mindanao (apparently 
hybridizing with U. v. vocans). U. v. dampieri: 
northwest Australia: Darwin; Broome. U. v. vomeris: 
east Australia: near mouth of Brisbane R.; New Cal
edonia: near Noumea; northeast New Guinea: near 
Madang. U. v. hesperiae: Ethiopia: Eritrea: Mas
sawa. Zanzibar. Mozambique: Inhaca I. Ceylon: 
Negombo (near Colombo). India: Kerala: Ernaku-
lam (not collected). Malaya: Penang. Singapore. 
U. v. vocans. Malaya: Penang. Singapore. Indonesia: 
Java: near Surabaja. Philippines: Tawi Tawi; Jolo; 
Zamboanga; Gulf of Davao (Sasa and Madaum); 
Palawan I.; near Manila. 

Film. Hong Kong. Fiji. Australia: Darwin; Broome. 
New Caledonia: near Noumea. Ethiopia: Massawa. 
Zanzibar. Philippines: Zamboanga; Gulf of Davao; 
Palawan I.; near Manila. 

Sound Recordings. Fiji. New Caledonia. Ethiopia. 
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TYPE MATERIAL AND NOMENCLATURE 

Uca vocans (Linnaeus, 1758) 

TYPE. Rumphius' specimen, the basis of Linnaeus' 
type description of Cancer vocans, is not extant. See 
References & Synonymy, p. 93. 

NEOTYPE. Uca vocans vocans: In Smithsonian Insti
tution, National Museum of Natural History, Wash
ington. 1 male, cat. no. 137673. Type-locality: 
Madaum,' Mindanao, Philippine Is. Collected by J. 
Crane. Measurements on p. 92. 

Uca vocans borealis subsp. nov. 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. 1 male, cat. 
no. 137669. Type-locality: Hong Kong. Collected by 
J. Crane. Measurements on p. 90. 

Named in allusion to its northern distribution. 
(Genitive of Latin adjective from the Greek noun 
Boreas, "the north wind.") 

Uca vocans pacificensis subsp. nov. 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. 1 male, cat. 
no. 137670. Type-locality: Suva, Fiji Islands. Col
lected by J. Crane. Measurements on p. 90. 

Named in reference to its distribution in the Pacific 
Ocean. 

Uca vocans dampieri subsp. nov. 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137671. Darwin, Australia. Collected by J. Crane. 
Measurements on p. 91. 

Named in honor of Dampier, the explorer. 

Uca vocans hesperiae subsp. nov. 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137672. Zanzibar, Tanzania. Collected by J. Crane. 
Measurements on p. 92. 

Named in reference to its being the most western 
of the subspecies. (Genitive of Greek adjective for 
"evening," "the west," and, later, "Hesperia," "Land 
of the West," then Italy and Spain.) 

Type of Gelasimus marionis Desmarest, 1823 
(1825). Philippines. Apparently not extant. Syn., on 
basis of the illustration (PI. 13, Fig. 1), fide Hol-
thuis, 1959. I agree. 

Type of Gelasimus cultrimanus Adams & White, 
1848. Philippines. In British Museum (Natural His
tory). Measurements in mm: length 20; propodus 
53. Examined and found identity with U. vocans un

questionable. (!) Examination made before the erec
tion of subspecies. 

Type of Gelasimus nitidus Dana, 1851. Fiji Is. 
(Viti). Not in Smithsonian Institution, National 
Museum of Natural History, Washington. The illus
trations and fuller description provided by Dana in 
1852 leave no doubt as to the identity of his G. niti
dus with U. vocans, as the species is understood in 
the present study. 

Dana made no reference either in the type descrip
tion or in his work of 1852 to a fossil crab described 
by Desmarest in 1817 as Goneplax nitidus and in 
1822 as Gelasima nitida; the same fossil specimen 
was referred to by Milne-Edwards, 1837, as Gelasi
mus nitidus. Milne-Edwards in 1852 said nothing of 
the fossil reference but commented on Dana's recent
ly published description of the material from Fiji. No 
doubt Dana selected the name nitidus independently, 
using the phrase "carapax nitidus" in the type de
scription, just as Desmarest earlier selected it in refer
ence to the "carapace . . . d'un noir luisant" of his 
fossil crab (p. 324). 

If Dana's type material (which presumably would 
be clearly referrable to U. vocans pacificensis) were 
extant, and if Desmarest's fossil crab were also extant 
and proved after all not to be a member of the genus 
Uca, the name nitidus would have been maintained 
in place of the subspecies name pacificensis proposed 
here. Since neither Desmarest's fossil specimen nor 
Dana's material appears, however, to have survived, 
it seems best to avoid the use of the name nitida in 
the current nomenclature of Uca observed in this 
study. (See also p. 459.) 

Type of Uca marionis var. vomeris McNeill, 1920. 
Rivermouth, Queensland, Australia. ? In National 
Museum, Sydney. In present study given subspecific 
rank as Uca vocans vomeris. 

Status of name excisa, proposed by Nobili, 1906. In 
his paper on the crustaceans of the Red Sea, Nobili 
(1906.3: 314) suggests the use of the name excisa 
in the following paragraph, at the end of his com
ments on the taxonomy and synonymy of "Uca 
marionis var. nitida Dana [sic]: Le G. cultrimanus 
dans le sens de Kingsley et de Ortmann est identique 
avec le G. nitidus Dana. Ce dernier nom serait done 
le nom de cette espece ou variete, mais comme il y a 
deja un Gelasimus nitidus Desmarest, espece fossile, 
je propose pour cette forme le nom d'excisa." 

For several reasons the name is here considered 
to have no taxonomic standing. Dana was not the 
author of any of the names mentioned, all of which 
are here regarded as synonyms of vocans. Further
more, neither type material nor any locality was men
tioned by Nobili, and no illustration was provided. 
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If the name had been based definitely on Dana's 
Fijian material, the name excisa could stand by pri
ority as a subspecific name in place of pacificensis; 
the wording, however, does not appear to be suffi
ciently precise to warrant such a procedure. 

Uca (Thalassuca) vocans borealis 
subsp. nov. 
(Hong Kong to northwest Taiwan) 

M O R P H O L O G Y 

With the characteristics of the species. 
Gonopod practically without torsion; anterior 

flange longer and broader than posterior; inner proc
ess not tumid. Gonopore with postero-external ridge 
strongly developed; anterior ridge virtually absent. 
Major cheliped: oblique ridge on palm lower than 
usual in the species, always with strong, regular 
tubercles; pollex with or without the two projections, 
median and subdistal, of a weak "nitida" form; dac
tyl with faint traces of two grooves externally near 
base, strongest in young; dactyl in young slightly 
deeper than opposite part of pollex. Carapace: dorso
lateral marginal line absent in large males, weakly 
present in young; frontal groove variable, sometimes 
shorter than distal projection of front beyond it, apex 
usually bluntly angled, never widely U-shaped; male 
eyebrow developed internally only, narrow; branchial 
regions notably elevated, a characteristic of this sub
species alone. Minor cheliped with gape narrower 
than adjacent part of pollex. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Holotype male 
(Hong Kong) 12.5 19.0 26.0 17.0 

Largest male (Taiwan) 17.0 26.0 47.0 32.0 
Female (ovigerous and 

largest) (Hong Kong) 11.0 15.0 
Smallest ovigerous 

female (Hong Kong) 6.5 10.0 

Color 

Dull in comparison with other subspecies, even in
cluding the displaying crabs of Hong Kong; in May 
they appeared to be in full breeding condition, al
most all the females taken having spermatophores 
and, in addition, egg masses. Few carapaces were 
white, the major manus was marked only with dull 
ochraceous yellow, and most legs were dark. 

S O C I A L B E H A V I O R 

Waving Display 

Vertical. Non-serial. At highest intensity cheliped 
extends well above eye and carapace is raised on all 
legs during each wave. At lower intensities only an
terior carapace is raised and cheliped scarcely 
reaches tip of eye. Rate of waving from about 0.4 to 
1.4 waves per second. 

Uca (Thalassuca) vocans pacificensis 
subsp. nov. 
(Tropical west Pacific) 

M O R P H O L O G Y 

With the characteristics of the species. 
Gonopod similar to that of borealis but with slight 

torsion; anterior flange broader than posterior; inner 
process broad and flat throughout. Gonopore differ
ing from that of borealis in the somewhat greater de
velopment of the postero-external ridge, the anterior 
ridge being virtually absent in both subspecies. Major 
cheliped: pollex usually with the two strong projec
tions of the "nitida" form; basal half of major dactyl 
notably broader than corresponding part of pollex, a 
characteristic in the adult unique to this subspecies. 
Carapace: dorso-lateral marginal line in male dis
tinct; front variable but its median groove is not 
short, and has the tip almost always pointed, never 
widely U-shaped; a narrow eyebrow present in male. 
Minor cheliped variable but gape usually narrower 
than pollex. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Holotype male (Fiji) 12.0 17.0 24.5 16.0 
Largest male (Samoa) 14.0 22.0 37.5 25.0 
Female (ovigerous and 

largest) (Samoa) 12.0 17.0 
Smallest ovigerous 

female (Fiji) 8.0 11.0 

Color 

Pre-display phase sometimes yellow. Major dactyl 
usually violet to pale pink. 

S O C I A L B E H A V I O R 

Waving Display 

Vertical. Non-serial. At highest intensity cheliped ex
tends well above eye. Waving rate highly variable; 
see Table 19. 
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Uca {Thalassuca) vocans dampieri 
subsp. nov. 
(Northwest Australia) 

M O R P H O L O G Y 

With the characteristics of the species. 
Gonopod with moderate torsion; posterior flange 

broader than anterior, but both are narrow; base of 
inner process strongly tumid; thumb very short, set 
far down on shaft, its tip not nearly reaching base 
of flange. Gonopore similar to borealis and pacificen-
sis, except that anterior ridge is present as a small 
projection. Major cheliped: outer manus with tuber
cles smaller than in other subspecies; pollex with 
lower margin practically straight; a single triangular 
projection, not two, on its upper margin, always in 
distal half, often small and subdistal or absent, espe
cially in specimens from Broome. Carapace: dorso
lateral marginal line of carapace absent in adult 
males, as is the eyebrow except, rarely, for a short, 
internal indication; frontal groove with sides strongly 
convergent, the apex curving or bluntly angled. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Holotype male (Broome) 12.0 19.0 28.5 17.0 
Largest male (Darwin) 15.0 22.5 41.5 27.0 
Female (ovigerous and 

largest) (Darwin) 14.0 20.5 
Smallest ovigerous 

female (Darwin) 8.0 11.0 

Color 
Pre-display phase usually blue with white spots light
ening to white with turquoise spots. Major dactyl 
sometimes pink. 

S O C I A L B E H A V I O R 

Waving Display 
Vertical, to a more literal extent than any of the 
other subspecies, the cheliped not usually pushing 
outward at an acute angle, although this semi-lateral 
movement sometimes occurs at highest intensity. 
Strongly serial at middle and high intensities. In 
courtship body elevated with each approach wave, 
though cheliped reaches only slightly above eye even 
at high intensity, not at all during low. Five to 8 
waves in each series; rate of waving 0.2 to 1.8 waves 
per second. 

Three degrees of intensity show particularly well 
in this subspecies. Lowest intensity: non-serial, fast

est, up- and downstrokes nearly equal, cheliped little 
raised, body not elevated. Medium intensity: serial, 
cheliped raised higher but still not reaching above 
eye, and body still not elevated. High intensity: 
serial, slowest, upstroke always longer than down, 
dactyl tip reaching above eye tip, chela directed out 
at a slight angle, body slightly raised with each wave. 

Uca (Thalassuca) vocans vomeris 
McNeill, 1920 
(New Caledonia, Eastern Australia, New Guinea) 

M O R P H O L O G Y 

With the characteristics of the species. 
Gonopore stout throughout in relation to its length, 

in comparison with the slenderness of other sub
species, in particular pacificensis and vocans; torsion 
strong, the inner process and its tumid base, sub-
distal part of canal, and thumb all being twisted far 
around to the shaft's external side, while the flanges 
flanking the canal's orifice are twisted somewhat in 
the opposite direction; the normally posterior (now 
external) flange is wider than the anterior. Gonopore 
with postero-external ridge much reduced while ante
rior ridge is well developed. Major cheliped: pollex 
usually with a single triangular projection, subdistal; 
dactyl with distinct traces of two grooves. Carapace: 
dor so-lateral marginal line absent in male; front un-
expanded, frontal groove widely triangular. 

Measurements (in mm) 

Largest male 
(Sandgate, Brisbane) 

Largest female (N.S.W.) 

Length 

17.5 
12.0 

Breadth 

27.0 
19.5 

Propodus 

46.5 

Dactyl 

32.0 

Color 
Major dactyl in New Caledonia and near Brisbane 
lavendar to pink; in northern New Guinea, pale 
lemon to white (see p. 87). 

SOCIAL BEHAVIOR 

Waving Display 
Vertical. Non-serial except in New Caledonia, as 
noted below. Wave high-reaching, the dactyl's tip 
reaching well above that of eye, the body elevated 
with each wave. At medium intensity near Noumea, 
but not on New Guinea's north coast, the wave is 
definitely serial, similar to that found in northwest 
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Australia; uniquely, however, in these vomeris the 
series is made up of 1 high wave followed by about 
3 diminishing waves. In both localities at lowest in
tensity the wave, as usual in the species, is non-serial, 
fast and very low. Unfortunately the subspecies was 
not displaying in Queensland during my September 
stay. 

Uca (Thalassuca) vocans hesperiae 
subsp. nov. 
(West Africa to Singapore) 

M O R P H O L O G Y 

With the characteristics of the species. 
Gonopod similar to that of vomeris, but torsion 

even more extreme; thumb shorter and more distally 
placed; anterior flange (internal through torsion) 
vestigial; a deep hollow bounded distally by the 
flange-and-orifice structure on one side and the op
positely twisted inner process on the other. Gono-
pore closely similar to that of vomeris, but anterior 
ridge larger. Pollex often of "nitida" form with two 
large, triangular projections. Carapace: dorso-lateral 
marginal line vestigial or absent in male; frontal 
groove narrowly triangular, the apex pointed; eye
brow distinct at least internally, often complete, al
ways very narrow. Minor chela with gape notably 
narrow for the species. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Holotype male (Zanzibar) 
Largest male 

(Negombo, Ceylon) 
Largest claw (Zanzibar) 
Female (ovigerous and 

largest) (Zanzibar) 
Smallest ovigerous 

female (Zanzibar) 

14.5 

16.5 
15.5 

15.0 

10.0 

23.0 

25.0 
25.5 

22.0 

13.5 

36.5 

39.0 
44.0 

-

-

25.0 

25.0 
33.0 

-

-

Color 
Pre-display phase sometimes yellow, more often gray 
with pale spots. Major dactyl rarely violet. 

S O C I A L B E H A V I O R 

Waving Display 

Vertical. Non-serial. Dactyl reaches only a little 
above eye, although anterior part of body is raised 
high during each wave, the posterior part being de
pressed. At high intensity, when the object of display 

is not straight in front of the displaying crab, the 
cheliped usually waves semi-laterally, at a wider 
acute angle than is characteristic of other subspecies. 
Rate of waving from about 0.3 to 2 waves per sec
ond. Upstroke sometimes only half length of down-
stroke, but usually 1.5 to 3 times longer; rarely the 
strokes are equal. 

Uca (Thalassuca) vocans vocans 
(Linnaeus, 1758) 
(Malaya to Nansei [Ryukyu] Islands) 

M O R P H O L O G Y 

With the characteristics of the species. 
Gonopod similar to those of vomeris and particu

larly hesperiae; differs from the latter chiefly in hav
ing the homologously anterior flange (now inner) 
larger than the posterior, instead of vestigial; in this 
character alone it agrees with borealis and pacificen-
sis; it differs additionally from vomeris in the much 
deeper anterior hollow, made through the curvature 
of the flange bases and of the inner process, and in 
the much higher anterior (now inner) flange; entire 
gonopod more slender than that of vomeris. Gono-
pore similar to vomeris and hesperiae, except that 
the anterior ridge is more curved; western popula
tions with a more definite margin posteriorly and 
externally, and often with a small postero-external 
tubercle; a similar one also sometimes postero-inter-
nally. Pollex often of the "nitida" form, the two tri
angular projections being large. Carapace: dorso
lateral margins absent in male; frontal furrow narrow, 
tapering; tip of front often expanded; eyebrow al
most always present, narrow but complete; some of 
suborbital teeth always bicuspid. Minor cheliped with 
gape usually wider than adjacent part of pollex. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Neotype (Madaum) 
Moderate male 

(Madaum) 
Largest male (Singapore) 
Largest male broken 

claw (Zamboanga) 
Smallest ovigerous 

female (Zamboanga) 
Largest ovigerous 

female (Singapore) 
Largest female 

(Singapore) 
Mating pair 

(Singapore) 
male 
female 

15.0 

12.5 
16.0 

16.5 

7.0 

15.0 

15.5 

9.0 
14.0 

22.0 

14.5 
25.0 

26.0 

10.0 

21.5 

22.5 

13.0 
19.5 

38.5 

27.0 
44.0 

-

-

-

-

14.0 
-

26.0 

18.5 
29.0 

-

-

-

-

8.0 
-
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Color 
Predisplay phase sometimes yellow. Major dactyl 
yellow to white. 

S O C I A L B E H A V I O R 

Waving Display 

Vertical. Non-serial. Low, the upper dactyl edge 

REFERENCES AND SYNONYMY 

Uca (Thalassuca) vocans (Linnaeus, 1758) 

The references to this species are not distributed 
among the subspecies because of apparent hybridiza
tion of the forms in parts of the range (see p. 87). 

Cancer vocans 

Rumphius, 1705, 1740, 1741: 14; PL 10, Fig. E; 
1711, pi. only, without text (only 1st ed. seen; others 
fide Holthuis, 1959). East Indies, probably Ambo-
ina. Description; color; habits, including first account 
in literature of waving behavior in Uca. See p. 3. 

Petiver, 1713: 2 (caption only); PL 9, Fig. 5 (re
drawn from Rumphius). 

TYPE DESCRIPTION. Linnaeus, 1758: 626. From 
Rumphius' description and illustration. 

Linnaeus, 1767: 1041. "C. brachyurus, thorace 
quadrato inermi, chela altera magna. . . . Habitat in 
Indiis, latitans sub saxis, prehendens digitos occur-
rentes cum dolore. Variat chela majore manuum." 
Confused synonymy. 

Fabricius, 1775: 401 (part). "In Indiis." Minimal 
description; confused synonymy. 

Fabricius, 1787: 318 (part). Minimal description. 
Fabricius, 1798: 340 (part). Minimal description. 
Olivier, 1811: Vol. 6: 157 (part). Confused 

synonymy; no new material; paraphrases Rum
phius' account of habits. 

Ocypode vocans 

Bosc, 1802: 198 (part). No new material. Ac
ceptable description and references, but gives "Ame-
rique meridionale" as habitat. 

Latreille, 1801-1802: 45. "Aux Indes." Discus
sion of earlier synonymies. 

Goneplax vocans 

Latreille, 1817.1: 17. Brief mention of large claw 
motion "as if it wished to make signals." 

Gonoplax vocans 

Lamarck, 1818: 254. "Habite l'Ocean indien." 

maximally reaching slightly above eye. Anterior part 
of body slightly elevated with each wave, while pos
terior is further depressed. Rate of waving from 
about 0.5 to 2.0 waves per second; upstrokes from 
1.1 to 7 times longer than downstrokes. 

Brief Latin diagnosis. Common name: "Rhombille 
appellant." 

Henschell, 1838: 204. Reference only cited to 
Rumphius, 1705, Book I, PL 10, Fig. E. (First part 
of Henschell's volume consists of an excellent biog
raphy of Rumphius, in Latin.) 

Gelasimus vocans 

Desmarest, 1825: 123 (part). Apparently no new 
material. Brief description. 

Milne-Edwards, 1852: 145. Java; Malabar. Tax
onomy. 

Stimpson, 1858: 99. Hongkong; Riu Kiu Is.: Oki
nawa. Habitat. 

Heller, 1865: 37. Nicobars. 
Hilgendorf, 1869: 83. Zanzibar. Taxonomy. 

A. Milne-Edwards, 1873: 272. New Caledonia. 
Taxonomy. 

Hoffmann, 1874: 16. Madagascar: Nossy-Faly, 
Nossy-Be. Taxonomy. 

Miers, 1879.2: 488. Rodriguez. Taxonomy. 
de Man, 1880: 67. E. Indies; Madagascar. Tax

onomy. 
Richters, 1880: 155. Fouquets. [Not seen.] 
Miers, 1880: 308. Taxonomy. 
Lenz & Richters, 1881: 423. Madagascar. Tax

onomy. 
Haswell, 1882: 92. Louisade Arch.: Woodlark Is. 

Northwestern Australia: Port Darwin. Taxonomy. 
Miers, 1886: 242. Fiji Is.; Arrou Is. Taxonomy. 
Walker, 1887: 110. Singapore. 
de Man, 1887.2: 353. East Indies: Amboina. 

Brief taxonomy. 
de Man, 1891: 23. Sumatra; Fiji Is.; Marataia. 

Taxonomy. 
de Man, 1892: 305. Celebes; Macassar; Pare-

Pare. Taxonomy. 
Aurivillius, 1893: 26. Mauritius: Port Louis; East 

Indies. Amphibious characteristics; morphology; 
ecology. 

de Man, 1895: 572. East Indies: Malacca. Tax
onomy. 

Stimpson, 1907: 104. Taxonomy. Habitat. 
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Gelasimus marionis 
Desmarest, 1825: 124; PI. 13, Fig. 1. Philippines: 

Manila. Type description. 
? Milne-Edwards, 1837: 53. Taxonomy. (No lo

cality; synonymized by Milne-Edwards, 1852, with 
G. perplexus; specimen not extant.) 

Milne-Edwards, 1852: 145. India: Malabar. Tax
onomy. 

Hoffmann, 1874: 15. Madagascar: Nossy-Faly. 
Taxonomy. 

Miers, 1880: 308. Malaya. Taxonomy. 
Kingsley, 1880.1: 141. No new record. Taxon

omy. 
de Man, 1880: 67. E. Indies. Taxonomy. 
Ortmann, 1894.2: 754. New Guinea: Kaiser-Wil-

helm-Land. Taxonomy. 
Alcock, 1900: 359. Andamans. Taxonomy. 
de Man, 1902: 487. E. Indies: Ternate; Halma-

hera. Taxonomy. 
Lenz, 1910: 559. Madagascar: Gulf of Tulear. 

Taxonomy. 
Raj, 1927: 148. Gulf of Manaar: Krusadei Island. 

Taxonomy. 
Tweedie, 1937: 143. Malaya; East Indies: Ter

nate; Halmahera. Taxonomy. 
Chopra, 1937: 422. Mergui Arch.: Palaiow on 

east coast of Doung I. Taxonomy. 
Shen, 1940: 232. Hong Kong: Wong Chuk Hang. 
Chapgar, 1957: 509, PI. 13. West India: Bombay. 

Taxonomy. 

Gelasimus nitidus (not Goneplax nitida Desmarest, 
1817, Gelasima nitida of Desmarest, 1822, or Gela
simus nitidus of Milne-Edwards, 1837; see p. 324). 

Dana, 1851: 248. Fiji Is. Type description (Latin). 
Dana, 1852: 316; PI. 19, Fig. 5 a-d. No new ma

terial. Description (Latin and English). 
Milne-Edwards, 1852: 147. Taxonomy. 
Thallwitz, 1892: 42. E. Indies: Celebes: Manado; 

Ternate; Togian; Tamini; Java: Madura; Timur; 
S. New Guinea. Taxonomy. 

Stebbing, 1921: 16. South Africa: Durban. Tax
onomy. 

Gelasimus cultrimanus 

White, 1847: 35. Philippines. (No description.) 
Adams & White, 1848: 49. Philippines. Type de

scription. (!) 
White, 1848: 85. No new material. 
Kingsley, 1880.1: 140. Taxonomy. 
Cano, 1889: 233. Philippines: Manila. 
Ortmann, 1894.1: 58, 67. E. Africa: Lindi; Kilwa; 

Dar-es-Salaam. Taxonomy; ecology. 
Ortmann, 1894.2: 752. Record of museum speci

mens from Indian Ocean, Singapore, Philippines, 
New Guinea, Fiji, Samoa. 

Gelasimus vocans var. cultrimanus 

de Man, 1891: 23. Taxonomy (reducing cultri
manus to a variety). 

Uca cultrimana 

Ortmann, 1897: 348. No new records. Taxonomy. 
Doflein, 1899: 192. South Seas; Fiji Is.; Indian 

Ocean. Taxonomy. 
Nobili, 1899.2: 272. Australo-Malaysia; Ternate; 

Andai. Taxonomy. 
Nobili, 1899.3: 516. Sumatra: Siboga. Taxonomy. 
Borradaile, 1900: 595. Ellice Is.: Funafuti; Fiji 

Is.: Rotuma. 
Pesta, 1913: 58, Text Fig. 3. Samoa. Taxonomy. 
Raben, 1934: 428. Sumatra: Padang. Respiratory 

system (illustrated). 
Estampador, 1937: 545. Philippines. 
Estampador, 1959: 103. Philippines. 

Gelasimus marionis nitidus 

Alcock, 1900: 360. Andamans, Nicobars, Coro-
mandel and Malabar coasts. 

de Man, 1902: 487. East Indies. Taxonomy. 
Raj, 1927: 148. Ceylon: Gulf of Manaar. Tax

onomy. 
Tweedie, 1937: 143. Malaya. Taxonomy. 
Sakai, 1940: 32. Japan: Distribution. 
Shen, 1940: 232. Hong Kong: Wong Chuk Hang, 

Kowloon, Nagau Chi Wan. 
Lin, 1949: 27. Taiwan. 
Chapgar, 1957: 510, PI. 13. West India. Taxon

omy. 

Uca vocans 

Lanchester, 1900.1: 754. Malaya: Malacca; Singa
pore. Taxonomy. Habits. 

Parisi, 1918: 92. Indo-Pacific. 
Holthuis, 1959.1: 115; PI. 10, Fig. 1. Taxonomy 

(incl. discussion of synonymy). Photo of Rumphius' 
illustration. 

Holthuis, 1962: 240, 246. 
Macnae, 1966: 85, 86, 89. Australia: Queensland 

and New South Wales. Ecology. 

Uca marionis 

Nobili, 1906.3: 314. Red Sea. 
Nobili, 1907: 408. Polynesia: Samoa (Apia). 

Taxonomy. 
Pearse, 1912.2: 114. Philippines. Habits. 
Laurie, 1915: 416. Red Sea. 
Tesch, 1918: 38. Celebes: Dongala; Kwandang 

Bay; Kara elang; Talaut I. Taxonomy. 
McNeill, 1920: 105; fig. Australia. Taxonomy. 
Gee, 1925: 165. Hong Kong: Chin Bey. 
Maccagno, 1928: 23. Samoa. Taxonomy. 
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Ward, 1928: 243. Australia. Color. Habits. 
Musgrave, 1929: 342. Australia: Queensland; 

New South Wales. 
Verwey, 1930: 177. Java. Ecology; physiology; 

behavior. 
Estampador, 1937: 544. Philippines: Luzon; 

Maytunig; Riza; Panay. 
Sakai, 1939: 625. Japan: Misaki; Nagasaki; Mi-

yako Is. 
Ward, 1941: 3. Philippines: Mindanao (west 

coast, Gulf of Davao). 
Chace, 1942: 202. Tanganyika Territory: Lindi. 
Buitendijk, 1947: 280. Malaya: Port Dickson. 
Barnard, 1950: 90; fig. South Africa. Taxonomy. 
Altevogt, 1955.1, 1955.2, 1956.1, 1956.2, 1957.1, 

1957.3: India: near Bombay. Morphology, ecology, 
and behavior; the early references are under the 
heading of Uca marionis nitidus, but included here 
for completeness in listing the series. 

Day & Morgans, 1956: 276, 305. South Africa: 
Durban Bay. Ecology. 

Crane, 1957. Indo-Pacific. Preliminary classifica
tion of display. 

Macnae & Kalk, 1958: 41, 67, 125. Mozambique: 
Inhaca I. Color; general behavior; ecology. 

Estampador, 1959: 102. Philippines. Local distri
bution. 

Macnae, 1963: 3, 23. Mozambique (Inhaca I.) to 
Union of South Africa (mouth of Umngazana River, 
in northern Cape Province). Ecology. 

Uca marionis: nitida and variety nitida 

Nobili, 1903.1: 21. Borneo: Samarinda. 
Nobili, 1906.3: 314. Red Sea. Taxonomy. 
Pearse, 1912.2: 114. Philippines. Habits. 

Laurie, 1915: 416. Red Sea. 
Maccagno, 1928: 24. Moluccas. Taxonomy. 
Gordon, 1931: 528. Hong Kong. 
Sakai, 1934: 319. Japan: Nagasaki. 
Balss, 1938: 75. Fiji Is. 
Takahasi, 1935: 78. Taiwan. Habits. 
Sakai, 1936: 170. Palao Is. 
Miyake, 1936: 511. Riu Kiu Is.: Miyara. Man

grove swamp. 
Estampador, 1937: 544. Philippines: Luzon; 

Manila; Rizal Prov.; Malabon. 
Miyake, 1939: 190, 223, 242; PI. 16, Fig. 1. 

Micronesia: Palau Is.; Cardina Is. 
Tweedie, 1950.1: 356. Labuan. 
Altevogt, 1955.Iff.: See under Uca marionis for 

full list of references in series. 
Estampador, 1959: 102. Philippines. 

Uca marionis forma excisa 

Nobili, 1906.3: 314. [See p. 89.] 

Uca marionis var. vomeris 

McNeill, 1920: 106. Type description. 
Rathbun, 1926.1: 177. Queensland, Australia: 

Rivermouth. 
Dakin, Bennett & Pope, 1954: 187. Australia: east 

coast south to Pittwater, Broken Bay, N.S.W. Ecol
ogy. General habits: 187-88 (part). 

Uca vomeris 

? Dakin, Bennett & Pope, 1954: PI. 46. 

Uca marionis excisa 

Sankarankutty, 1961: 113. Bay of Bengal: Anda
man and Nicobar Is. 
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IV. AMPHIUCA SUBGEN. NOV. 

Typus: Gelasimus chlorophthalmus Milne-Edwards, 1837 

(Tropical and subtropical Indo-Pacific: East Africa to the Marquesas; Red Sea to Natal; 
Nansei [Ryukyu] Islands to Friendly Islands; apparently absent from Australia) 

PLATES 15, 16. MAPS 5, 6, 7. 
GONOPOD DRAWINGS: FIGURES 68 (part), 69 (part). TABLES 1, 8, 10, 12, 14, 19, 20. 
DENDROGRAMS: FIGURES 96, 99. 

MORPHOLOGY 

Diagnosis 

Uca with front moderately wide; antero-lateral mar
gins always distinct, short to moderate, posteriorly 
rounded; no ridge, mound, or tubercles on orbital 
floor; suborbital margin with crenellations minute or 
absent except near outer angle. Major manus out
side with very small, close-set tubercles except dor-
sally; dorsal margin externally with a beaded keel; a 
depression with definite edges outside pollex base; 
tuberculate predactyl ridges on palm strongly diver
gent; no long furrows on pollex or dactyl. Posterior 
merus of minor cheliped without tubercles in vertical 
rows. Gill on 3rd maxilliped large, with distinct 
books. Female never with an enlarged tooth in cheli
ped gape. 

Description 

With the characteristics of the genus (p. 15). 

MALE 

Carapace. Front intermediate compared with most 
other subgenera, much wider than in Deltuca and 
other narrow-fronts, but not approaching the ex
tremes found in Minuca and some Celuca; in general 
shape it agrees with the latter two groups, being nar
rowest below eyestalk bases, its breadth between 
them twice or more basal breadth of erected eyestalk, 
in front of which it tapers gradually to a broadly 
rounded tip; frontal breadth measured between inner 
eyebrow margins contained from about 3.5 to about 
4.5 times in carapace width between tips of antero
lateral angles. Orbits moderately to strongly oblique. 
Antero-lateral angles variously acute, slightly to mod
erately produced on major side but scarcely or not 
at all on minor; antero-lateral margins short to mod
erate, converging, curving gradually, without sharp 
angles, into the moderately converging dorso-lateral 
margins; these margins range from strong to vestigial. 
One pair of postero-lateral striae present or absent. 
Vertical lateral margins either strong, reaching 

antero-lateral margins, or dorsally absent. All cara
pace margins non-tuberculate, sometimes weakly 
beaded, usually unarmed. Carapace profile in lateral 
view moderately arched except in Hong Kong speci
mens of chlorophthalmus, where the arching is 
strong. Suborbital region at least in inner half notably 
flat and almost or completely naked. Pterygostomian 
region convex and thickly setose. 

Frontal margin always raised, broad, unbroken. 
Eyebrows well developed, moderately broad, oblique
ly vertical. Lower margin of orbit rolled slightly out
ward, somewhat sinuous; no tubercles, distinct ridge 
or mound on its floor, but in some specimens of some 
populations a trace of elevation, with a few, irregu
lar, minute granules, near inner corner; suborbital 
margin with crenellations either absent or small and 
close-set, except near external angle. Eyestalks mod
erately slender, not fitting orbits closely, their diam
eter scarcely less than that of eyes. 

Second Maxilliped. Spoon-tipped setae moderately 
numerous. 

Third Maxilliped. Ischium almost flat with a median 
longitudinal groove or convex without groove; setae 
sparse to almost absent. Gill large, but ranging in 
shape from that of a typical, flat, tapering gill to 
hand-like with dactyloid projections; number of dis
tinct books highly variable, from vestigial to more 
than a dozen on each side of median vane. For more 
details on these structures in Amphiuca, see Chapter 
3, p. 469. 

Major Cheliped. Merus variously armed, in about the 
range found in Deltuca, but sometimes with a large 
crest distally on antero-dorsal margin, instead of a 
small crest or row of tubercles. 

Carpus externally almost smooth with bent-over 
dorsal margin edged with a series of small tubercles, 
sometimes indistinct. 

Outer manus appearing almost smooth in compar
ison with this segment in Deltuca and Thalassuca, 
although not as smooth as in many Celuca and 
Minuca; surface covered with very small, well sepa
rated tubercles, clearly larger on upper manus near 
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the slightly bent-over, thickened, dorsal margin; this 
roughened margin is marked along its outer edge by 
a row of tubercles, often bead-like, with a minute 
groove along their outer base; the latter is practically 
continuous with the wider, short, subdorsal groove 
among the tubercles on proximal part of dactyl. A 
depression, large or small, outside base of pollex. 
Ventral margin of manus with a tuberculate carina, 
with or without a groove above it and always ending 
at pollex base. 

Palm with proximal, lower part covered by small 
tubercles ranging down to minute granules. Oblique 
ridge present or absent; when present it is moderate
ly high, broad, blunt, with or without a few large 
tubercles surmounting it. No tubercles ever continue 
upward around the gently sloping anterior region 
(there is no margin) of carpal cavity; this cavity 
sometimes traceable distally below dorsal margin as 
a shallow depression; no beaded margin around cav
ity's upper distal part. Inner surface of palm granu
late or smooth, almost flat. Proximal ridge inside 
dactyl base always widely separated from distal ridge 
in lower portion and generally diverging more from 
the distal as it proceeds dorsally; both ridges, but 
especially the proximal, with well-developed tuber
cles except in some large specimens. 

Both pollex and dactyl lacking long grooves on 
outer surfaces, or, in inversa inversa only, with a faint 
trace on dactyl, clearest distally. Subdorsal furrow on 
proximal dactyl short but distinct, surrounded by 
tubercles. Dactyl slightly longer and more convex 
than pollex, its tip curving strongly downward slight
ly beyond pollex. Outer surfaces of pollex and dactyl 
usually covered with minute tubercles, and with their 
lower and upper margins, respectively, minutely 
spinulous; extreme tips of both spinulous. All three 
rows of gape tubercles represented at least proximal-
ly in both pollex and dactyl; an enlarged submedian 
tooth on pollex almost constant; other enlargements 
various. No submarginal carina on outer distal part 
of pollex. 

Minor Cheliped. Merus with dorsal margin armed 
with transverse, sparse, weakly sinuous rugosities; 
postero-ventral margin similar or with a single line 
of small, strong tubercles; antero-ventral margin and 
anterior surface smooth or practically so; posterior 
surface smooth except for scattered granules occur
ring chiefly proximally and distally. Carpus with sub
dorsal ridge represented by minute tubercles and pits. 
Mano-pollex ridge short, starting about middle of 
manus or more distally and extending about two-
thirds of way to dactyl tip. Dactyl much longer than 
manus. Gape moderately narrow to wide; a few weak 
serrations present or absent. Upper palmar and other 
setae sparse. 

Ambulatories. Meri wide to moderately narrow; dor
sal armature consisting of small tubercles, often 

close-set, flattened, and slanting distad, sometimes 
overlapping in scale-like formation; postero-dorsal 
tubercles usually on vertical striae, fairly numerous 
and strong on first 3 legs; ventral armature very 
weak. <# 

Gonopod. Distinct flanges present or absent; inner 
process flattened, spinous, thin, scarcely visible; pore 
at end of a moderate to long tube, or flanked by 
broad flanges; thumb short to absent; when present 
arising far down shaft. 

FEMALE 

With the characteristics of the females in the genus 
(p. 17). 

Gonopores sometimes with a portion of the rim 
elevated, but without tubercles in the known forms 
(female unknown in inversa sindensis). 

Size 

Small to moderate. 

Color 

Display whitening poorly developed to absent. Cara
pace blue or green blue with white or red. Major 
cheliped with shades or tints of red. Ambulatories 
dark to red. Yellow and orange absent. 

S O C I A L B E H A V I O R 

Wave semi-unflexed to almost lateral, rapid at high 
intensities. No special courtship components. Little 
time devoted to waving display, but territoriality 
strongly developed. Copulation at surface. Chimneys 
sometimes constructed in one of the two species. 
Combat and acoustic behavior too little known for 
general comment, except that ritualized combat is 
highly developed and, during restricted periods, 
prevalent. 

R E L A T I O N S H I P S 

Comparisons with other groups will be found on p. 
19, in connection with the discussion of the sub-
generic dendrogram. The two species recognized 
seem to have reached comparable levels of speciali
zation both in adaptation to a semi-terrestrial life 
and in social behavior. 

NAME 

Amphiuca: From the Greek prefix amphi, "on both 
sides." In combination with Uca, the proposed name 
may be translated "ambiguous fiddlers," in reference 
to their equivocal position between the morphologi
cally and socially less advanced subgenera of the 
Indo-Pacific and those more highly developed center
ing in America. 
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15. UCA (AMPHIUCA) CHLOROPHTHALMUS (MILNE-EDWARDS, 1837) 

(Tropical Indo-Pacific) 

PLATES 15; 46 B. 

FIGURES 13; 14; 15; 26 C; 31 C; 37 H, I; 39 A, B; 56 C; 

60 L, M; 68 ̂ , B; 81 G; 82 G; 83 A; 99. 

INTRODUCTION 

C/ca chlorophthalmus is one of those species, preva
lent in the Indo-Pacific, that combine vivid color with 
persistent lethargy. Nevertheless its morphology and 
display both show characteristics intermediate be
tween those of the Indo-Pacific narrow-fronts and 
the broad-fronts of the world. 

In both males and females the colors are unfad
ing scarlet red, blue, blue green, and white, usually 
in a striking mixture, although sometimes the entire 
crab is scarlet. An individual, either male or female, 
often lives in the same burrow for days or weeks. The 
waving periods seem regularly to be confined to two 
or three days of spring tides, with only a few indi
viduals ever waving at the same time. Except in the 
final stages of courtship, no crab waves for more than 
a minute or so without a long rest period that may 
last until the tide comes in. Combats are not only 
restricted to the same brief hours as waving but sel
dom occur even then. 

In the literature chlorophthalmus has been de
scribed under the additional names of crassipes (here 
kept as the name of the eastern subspecies), gai-
mardi, latreillei, splendidus, pulchellus, and novae-
guineae. On the basis of the material examined and 
of field observations near the extremes of the range, 
it seems reasonable to refer all populations to a sin
gle species, dividing them among two subspecies. Of 
these, one occurs in East Africa and Mauritius and 
the other east to the Marquesas. 

MORPHOLOGY 

Diagnosis 

Uca with front moderately broad, ambulatory meri 
broad. Major cheliped with a small triangular de
pression outside pollex base; no distal crest on merus 
and no large tooth near tip of dactyl. Dorso-lateral 
and vertical lateral carapace margins strong and com
plete; one postero-lateral stria. Lower margin of 
minor cheliped merus with a row of strong tubercles. 
Gonopod with pore arising at end of a long tube; 
flanges vestigial to absent. Female with meri of mid
dle ambulatories posteriorly armed with tubercles on 

MAPS 5, 6. 

TABLES 8, 10, 12, 14, 19, 20. 

vertical striae near dorsal margin and with separate 
tubercles on lower part of segment, an area bent 
abruptly forward. 

Description 

With the characteristics of the subgenus (p. 96). 

MALE 

Carapace. Orbits strongly oblique. Antero-lateral 
margins short; dorso-lateral margins always distinct, 
ending opposite middle of cardiac region. On each 
side a strong postero-lateral stria below and parallel 
to posterior end of dorso-lateral margin, above base 
of fourth ambulatory. Vertical lateral margins strong, 
reaching antero-lateral margins. 

Major Cheliped. Merus without a distinct crest on 
antero-distal margin. Depression outside pollex base 
small, strongly marked, roughly triangular, often 
pubescent. Palm with oblique ridge clearly present, 
its few enlarged tubercles restricted to region near 
the low apex, but continuing proximally along lower 
margin of carpal cavity almost to articulation with 
carpus. Upper carpal cavity not extending distally 
below dorsal margin as a narrow trench, but some
times confluent with a general depression on upper 
palm. Center of palm little convex, finely granulate. 
Tip of pollex irregularly bifid through the enlarge
ment of a subdistal tooth arising from median row. 
No enlarged, triangular tooth subdistally on dactyl. 

Minor Cheliped. Merus with postero-ventral margin 
armed with a single row of strong, small tubercles. 
Gape narrow or moderate, with a few weak ser
rations. 

Ambulatories. Merus wide or moderately so; dorsal 
margins of last three strongly convex. 

Gonopod. Flanges absent; pore at end of a project
ing tube, moderate to long; thumb short but always 
distinct; lengths of both tube and thumb highly varia
ble, even within populations. 

FEMALE 

Meri of 2nd and 3rd ambulatories with lower, pos
terior surfaces near ventral margin bent forward and 
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conspicuously tuberculate, the tubercles in these lo
calities separate, not set on vertical striae; remaining 
ambulatory armature as usual stronger than in male 
but closely similar. 

Measurements (in mm) 

Small to moderate, attaining a maximum length of 
14.5 mm. Details in descriptions of subspecies. 

Morphological Comparison and Comment 
The well-marked triangular depression outside the 
major pollex base is almost always the best single 
diagnostic character throughout the range; in one of 
the two type-specimens of novaeguineae alone is it 
absent; often, however, it is small and, if not empha
sized by pile, can be inconspicuous. In Africa in both 
sexes the short ambulatories with broad meri distin
guish c. chlorophthalmus easily from the other two 
local broad-fronted Uca, i. inversa and lactea annu-
lipes, and the differences in leg breadth hold between 
local subspecies of chlorophthalmus and lactea 
throughout the Indo-Pacific. Where chlorophthalmus 
coincides in range with triangularis, the more slant
ing orbits of triangularis and characteristic armature 
of its small cheliped, again in both sexes, ensure easy 
identification of the two species. Details of tubercula-
tion on the major manus, along with the morphology 
of gonopores and gonopods, give, as usual, unmis
takable identifications, in spite of the great variability 
of the gonopod in chlorophthalmus. 

The differences between the eastern and western 
forms of chloropthalmus seem, now that fairly large 
samples from various populations have been com
pared, to show distinctions of no more than sub-
specific rank, being restricted to minor differences in 
gape and pollex breadth and of major cheliped, 
breadth of ambulatory meri, length of projecting dis
tal tube and of thumb on gonopod, and details of 
gonopore. The differences in depth of manus and 
length of fingers between most specimens in the two 
subspecies, remarked on by several investigators in 
discussing under various names the western and east
ern forms, would almost certainly prove to be reli
able differences when investigated statistically. At 
present the material is wholly inadequate for that 
treatment, while the usual difficulties are caused by 
homochelous and heterochelous dimorphism, as well 
as by growth rate differences; it is therefore necessary 
to defer investigation of these characteristics. Unfor
tunately material from the eastern Indian Ocean, 
Malaysia, and Indonesia is so scanty that no light is 
shed on whether intermediate forms exist. 

Figs. 13-14 show how the gonopod tips vary, both 
among and within populations. If the largest speci
mens available from Hong Kong had been the only 

ones examined, Stimpson's name, splendidus, would 
certainly have been kept to designate at least a sub
species, since the gonopod tips were strikingly longer 
than in other examples and the arching and other 
details of the carapace were distinctive. When I col
lected and examined elsewhere several smaller speci
mens from Hong Kong, they were not distinctive and 
it was apparent that the usual variation was respon
sible; in addition, two specimens from Cocos-Keel-
ing had the gonopod tips similarly produced. 

There seems to me to be no question of the syn
onymy of the other specific names involved. I agree 
wholly with Forest & Guinot (1961) concerning the 
synonymy of the types in Paris, except for preferring 
to consider the eastern and western forms as sub-
specific instead of specific rank. Details are given 
under the headings on Type Material (p. 100) and 
References and Synonymy (p. 102). 

Color 

Color differences are not at all correlated with the 
ranges of the two subspecies. 

Displaying males: Display whitening absent. Color 
of individuals persisted unchanged throughout day 
and night in the field, as well as during transporta
tion to Trinidad, and for almost a year thereafter in 
the crabberies. Carapace usually dark blue to bluish 
green, spotted with pale blue, blue green, or white; 
exceptions are the populations in the Philippines and 
Hong Kong, in which both carapace and major cheli
ped are entirely scarlet red. Major cheliped usually 
entirely scarlet red; in a few individuals red is con
fined to a wash of rose red on manus, while inter
mediate forms occur; chela pink to white. Eyestalks 
often pale green yellow. Maxillipeds, suborbital 
areas, and pterygostomian regions sometimes spotted 
with white, except when carapace is entirely red. 
Ambulatories usually scarlet red; at least on Tahiti, 
however, they are bright blue with pale spots. Adult 
females: carapace and ambulatories as in males of 
same population, except as follows. In New Guinea 
the carapace is wholly bright red, as in males in the 
Philippines and Hong Kong, while the correspond
ing New Guinea males have the spotted blue cara
pace found throughout the rest of the species-range. 
Finally, in Tahiti many females have an anterior 
band of red on carapace. Young with carapace and 
legs usually dark. 

S O C I A L B E H A V I O R 

Waving Display 

Wave semi-unflexed to lateral-straight. Jerks absent. 
Tips of chela reaching scarcely or not at all above 
eyes. Minor cheliped makes motions, more or less in 
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synchrony with the major's wave. Body scarcely or 
not at all raised during waves, which are usually 
grouped in series of 3 to 7 or more. Display rate 
ranging from about 1 to about 2 waves per second, 
which within a series follow one another without 
pauses. (Component nos. 3, 4, 9; timing elements in 
Table 19, p. 656.) 

In northern New Guinea a burrow holder, which 
had been established for some days within several 
inches of the burrow of a particular female, was ob
served to wave as he moved toward his own hole, 
after an absence, from a distance of at least three feet; 
at the time no other male or female was at the surface 
within 12 feet—far beyond the range of his attention. 
This anecdotal observation perhaps may prove, when 
further supported, to be another indication of a be
havioral similarity of Amphiuca to that of Indo-
Pacific narrow-fronted crabs, rather than to mem
bers of the subgenera Minuca and Celuca. 

Precopulatory Behavior 
About a dozen examples have been seen in various 
parts of the species' distribution, and almost as many 
more in the Trinidad crabberies. Males approach fe
males, usually but not always waving. They often 
climb on the female's chimney. After the usual pluck
ing and stroking of the female's carapace, copulation 
takes place either there or down on the ground. Sev
eral times, however, when a male climbed a chimney, 
the female promptly went underground and the male 
followed. 

Chimneys 
Apparently only large females build chimneys. The 
structures were observed in East Africa, the Philip
pines, and Tahiti. As with waving display, their con
struction is closely associated with spring tides, but 
not with every one; the rhythm persisted even in in
dividuals from the Philippines brought to Trinidad 
and kept on wholly different tidal schedules. 

Acoustic Behavior 

Only leg-wagging has been observed in the field and 
filmed (component no. 5). 

Combat 

Two combats only were seen, one of which was 
filmed. One occurred in East Africa, the other in New 
Guinea. Both consisted chiefly of supraheel-rubs, 
otherwise known only in (Celuca) pugilator. Asso
ciated taps were present in the African example, but 
absent in New Guinea. The New Guinea combat was 
preceded by a manus-rub. Both examples were fully 
ritualized. (Component nos. 1, 13.) 

RANGE 

Indo-Pacific, from eastern Africa to the Marquesas; 
north to the Nansei [Ryukyu] Islands; south to 
Union of South Africa (Cape Province) and Friend
ly Islands; apparently absent from Australia. The 
western subspecies (c. chlorophthalmus) occurs in 
Africa and Mauritius, while the eastern form (c. 
crassipes) is found throughout the rest of the range. 

BlOTOPES 

Characteristically, not close to the open sea but near 
high-tide levels on the muddy banks and flats of man
grove estuaries. On smaller islands in the South 
Pacific, however, in the absence of mangroves 
chlorophthalmus lives closer to the open shore, usual
ly on muddy sand, again near high-tide levels and 
close to the mouths of streams or rivulets; often the 
only shelter on these islands is formed by a small in
dentation in the coast, with a barrier reef offshore. 
In all habitats spring tides alone reach some of the 
burrows. (Biotope nos. 5, 6̂  11, 12, 14.) 

S Y M P A T R I C A S S O C I A T E S 

In East Africa (Deltuca) urvillei is the only associate 
of chlorophthalmus; occurring on slightly lower lev
els of the same biotope, it mingles on its upper mar
gins with chlorophthalmus. On South Pacific islands 
(Thalassuca) tetragonon replaces urvillei in its alti-
tudinal relation to chlorophthalmus. In rich areas in 
the Philippines, as at Zamboanga, chlorophthalmus 
lives among coarctata, demani, and occasional dus-
sumieri, all members of the subgenus Deltuca; this 
close association is not characteristic. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 598.) 

Observations and Collections. Uca chlorophthalmus 
crassipes: Hong Kong; Zamboanga, Philippine Is.; 
near Madang, New Guinea; near Noumea, New Cal
edonia; Suva, Fiji Is.; near Apia, Samoa; Bora Bora, 
Raietea, and Tahiti, Society Is. Uca chlorophthalmus 
c: Pemba I., Zanzibar I., and near Dar-es-Salaam, 
Tanzania; Inhaca I., Mozambique. 

Film. Zamboanga, Madang, Tahiti, and Pemba. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca chlorophthalmus (Milne-Edwards, 1837) 

TYPE. In Museum National d'Histoire Naturelle, 
Paris. 1 dried male, labeled as follows: "Gelasimus 
chlorophthalmus Latr. M. Mathieu. He de France. 



U. (AMPHIUCA) CHLOROPHTHALMUS 101 

Anc. collection seche. 1958." (This date represents 
the year during which D. Guinot was working on 
the collection; she considered it a "Type non speci
fic," personal communication.) (See Forest & Guinot, 
1961.) In his type description, apparently of a single 
specimen, Milne-Edwards gives the length as "5 
lignes," the locality "lTle-de-France," and the infor
mation, in his customary footnote, "Latreille, Coll. 
du Museum." The identity of the specimen is unmis
takable as an example of U. chlorophthalmus as here 
described, even though the crab is in fragments ex
cept for the major manus and pollex, frontal and 
orbital regions, and a posterior ambulatory. The 
minor chela appears at first sight to have a wider 
gape than is characteristic; examination, and com
parison with similar individuals in other collections, 
show that the breadth is an incidental effect of dry
ing. Propodus length in mm 19.5. 

Uca chlorophthalmus crassipes 
(Adams & White, 1848) 

LECTOTYPE of the subspecies. In British Museum 
(Natural History), London. A single male (cat. no. 
436) was selected by Caiman, 1911, as holotype of 
G. crassipes—the only extant specimen of the two 
listed by White (1847), from same locality, given 
as "Philippine Ids. (Siquejor)." Label: "Gelasimus 
crassipes n.s. Holotype (selected 1911 WTC). Phil
ippine Ids. 902. 43b." Measurements in mm: length 
11; breadth 16; propodus 22; dactyl 14. The pollex 
was probably regenerated at an early age; only slight 
irregularity is shown. Although at one time the speci
men was obviously dried, it has been relaxed, is in 
good condition, and is an excellent example of the 
subspecies. (!) 

Type Material of Gelasimus gaimardi (Milne-Ed
wards, 1852). In Museum National d'Histoire Natu-
relle, Paris. Consists of a "type non specifie," a male, 
dried, with the following measurements in mm: 
length 12; propodus 30.5. The label and Milne-Ed
wards both give the locality as "Tongatabou." The 
label in addition states "Mm. Quoy & Gaimard." The 
specimen is altogether characteristic of the form here 
referred to c. crassipes. The only discrepancy is that 
the "Blossom," the vessel on which Mm. Quoy and 
Gaimard traveled, never went to Tongatabou (Ton
ga Is.). (!) 

Type Material of Gelasimus latreillei (Milne-Ed
wards, 1852). In Museum National d'Histoire Natu-
relle, Paris. Consists of a "type non specifie," a male, 
dried, with the following measurements in mm: 
length 14; propodus 31. The label and Milne-Ed
wards both give the locality as "Bora Bora." Label 
also states "M. Duperrey; anc. collection seche; 
1958." This date, as in the case of G. chlorophthal

mus, represents the year during which D. Guinot was 
working on the collection. (See Forest & Guinot, 
1961.) (!) 

Type Material of Gelasimus splendidus Stimpson, 
1858. Type, from Hong Kong, destroyed in Chicago 
fire. Synonymy of this species with U. chlorophthal
mus crassipes is on the basis of the type description, 
the illustration in Stimpson, 1907, specimens in the 
Smithsonian Institution, National Museum of Natural 
History, Washington (which were referred to it by 
Rathbun), and specimens I collected; all material is 
from Hong Kong. 

Type Material of Gelasimus pulchellus Stimpson, 
1858. Type, from Tahiti, destroyed in Chicago fire. 
Synonymy of this species with U. chlorophthalmus 
crassipes is based on the type description, the illustra
tion in Stimpson, 1907, and my personal acquaint
ance with the Uca fauna of Tahiti and nearby islands. 

Type of Uca amazonensis Dofiein, 1899. 1 male, la
beled in full as follows, is in the collections of the 
Museo di Zoologia della Universita di Torino: "Uca 
amazonensis, Dofl. Tipo. Teffe—Amazoni. Da F. 
Dofiein 1901." The specimen is a characteristic ex
ample of U. c. chlorophthalmus. Obviously, the type-
locality as given on the label and in Doflein's descrip
tion is erroneous. Carapace length 15.5 mm; 
propodus 45 mm. (!) See also p. 322, including note 
on von Hagen's recent location of type-specimens in 
Munich. 

Type Material of Uca novaeguineae Rathbun, 1913. 
In Smithsonian Institution, National Museum of Nat
ural History, Washington. 2 males, cat. no. 6374. 
New Guinea. (!) 

Uca (Amphiuca) chlorophthalmus 
crassipes (Adams & White, 1848) 
(Malaya; Indonesia; Philippine Islands; 
western and central Pacific) 

M O R P H O L O G Y 

With the characteristics of the species. 
Minor cheliped with gape moderate, subequal to 

or scarcely narrower than adjacent part of pollex. 
Meri of 3rd and 4th ambulatories only moderately 
broad, the maximum breadth of 3rd merus on minor 
side being clearly less than half the length. Gonopod 
tube relatively long and slender in most specimens, 
sometimes extremely so, in comparison with that of 
c. chlorophthalmus. Gonopore set in a roughly tri
angular pit, without marginal elevations. 
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Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male 
(Hong Kong) 

Moderate male (Tahiti) 
Largest female 

(Marshalls) 
Largest female 

(ovigerous) (Tahiti) 
Smallest ovigerous 

female (Zamboanga) 

14.5 
12.0 

14.0 

11.0 

7.0 

23.0 
18.0 

21.0 

17.0 

10.0 

34.0 
27.0 

-

-

-

24.0 
18.0 

-

-

-

Uca (Amphiuca) chlorophthalmus 
chlorophthalmus (Milne-Edwards, 1837) 
(East Africa; Indian Ocean) 

M O R P H O L O G Y 

With the characteristics of the species. 
Minor cheliped with gape clearly narrower than 

R E F E R E N C E S A N D S Y N O N Y M Y 

Uca (Amphiuca) chlorophthalmus 

(Milne-Edwards , 1837 ) 

TYPE DESCRIPTION. See under U. (A.) chlorophthal
mus chlorophthalmus, below. 

Uca (Amphiuca) chlorophthalmus 

crassipes ( A d a m s & Whi te , 1848) 

Gelasimus crassipes 

NAME ONLY: White, 1847: 36. Philippines. (No de
scription.) 

TYPE DESCRIPTION. Adams & White, 1848: 49. Phil
ippines: Siquejar. (BM !) 

White, 1848: 84. No new material. 
Kingsley, 1880.1: 146. Description from Adams & 

White. 
Cano, 1889: 92, 232. Manila. Taxonomy. 

Gelasimus gaimardi 

Milne-Edwards, 1852: 114; PI. 4, Fig. 17, 17a. 
Tongatabou. Type description. (The upper fig., la
beled "17" on the plate, represents this subspecies; 
cf. Milne-Edwards, 1852, under c. chlorophthal
mus.) (Paris !) 

Heller, 1865: 38. Tahiti. (Identity checked at 
Munich by Forest & Guinot.) 

Kingsley, 1880.1: 150. Description from Milne-
Edwards. 

adjacent part of pollex. Meri of both 3rd and 4th 
ambulatories notably broad, the dorsal and ventral 
margins of third strongly convex; maximum breadth 
of third merus on minor side well over half the 
length. Gonopod tube relatively short and broad 
when compared with that of c. crassipes. Gonopore 
with postero-inner margin slightly raised and un
even; other margins depressed. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male (Pemba) 11.0 19.0 29.0 18.5 
Moderate male 

(Zanzibar) 10.0 17.5 23.0 14.0 
Largest female (Pemba) 12.5 19.5 
Ovigerous female 

(unique) (Pemba) 9.0 14.0 

de Man, 1891: 39. Samoa; East Indies: Banda 
Sea, Amboina. Taxonomy. 

Thallwitz, 1892: 44. East Indies: Manado, Cele
bes; Ternate; Togien Is.; Philippines: Ilo-Ilo. Tax
onomy. 

Sakai, 1939: 617; PI. 104, Fig. 3; Text Fig. 92. 
Formosa; Bonin Is. 

Sakai, 1940: 47. Distribution in Japan. 
Shen, 1940: 232. Hong Kong: Wong Chuk Hang. 
Lin, 1949: 26. Taiwan. 

Gelasimus latreillei 

Milne-Edwards, 1852: 114; PI. 4, Fig. 20, 20a. 
Bora Bora. Type description. (Paris !) 

A. Milne-Edwards, 1873: 274. New Caledonia. 
Brocchi, 1875: 73. No locality given. Brief state

ment on male appendages; fig. without details. No 
taxonomy. 

Kingsley, 1880.1: 152; PL 10, Fig. 31. Philip
pines. Taxonomy. 

Ortmann, 1894.2: 757. Samoa. 
Ortmann, 1897: 353. Taxonomy. 
Balss, 1922.1: 142. Annam; Ryukyu Is. (Miyako). 
Estampador, 1937: 545. Philippines. 
Sakai, 1939: 618. No new record. 
Sakai, 1940: 47. No new record. Geographical 

distribution. 

Gelasimus splendidus 

Stimpson, 1858: 99. Hong Kong. Type descrip
tion. Habitat. 
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Kingsley, 1880.1: 149. Description from Stimp-
son. 

Stimpson, 1907: 106; PI. 14, Fig. 2. Habitat. Tax
onomy, in English, of type. 

Gelasimus pulchellus 

Stimpson, 1858: 100. Tahiti. Type description. 
Habitat. 

Stimpson, 1907: 107; PL 13, Fig. 1. Color. Tax
onomy, in English, of type. 

Gelasimus chlorophthalmus 

Kingsley, 1880.1: 151 (part). Moluccas: Bourou 
I. (one of 2 specimens from Guerin's collection at 
Philadelphia Academy; 2nd is a lactea). (!) 

Cano, 1889: 92 and 234. Amoy. Taxonomy. 
(Identification questionable.) 

de Man, 1891: 41. New Caledonia. Taxonomy. 
de Man, 1902: 484; PL 19, Fig. 4. East Indies: 

Ternate. Taxonomy. 

Uca gaimardi 

Ortmann, 1897: 353. Taxonomy. 
Doflein, 1899: 192. Fiji Is.: Kandavu. Taxonomy. 
Nobili, 1899.2: 274. Australo-Malaysia: Pt. 

Moresby; Hula. 
Nobili, 1907: 408. Polynesia: Apia-Samoa. 
Rathbun, 1907: 26. Society Is.: Tahiti, Bora 

Bora. Caroline Is.: Kusaie. 
Pesta, 1911: 55; PL 3, Fig. 3; Text Fig. 2. Samoa: 

Upolu. Taxonomy. 
Pearse, 1912.2: 114. Philippines. Habits. 
Tesch, 1918: 39, 40. West coast of Flores; 

Labuan, Badjo. Taxonomy. 
Sendler, 1923: 22. West Carolines: Yap. 
Maccagno, 1928: 30. Samoa; Kei, Jule, Hula. 

Taxonomy. 
Gordon, 1931: 528. Hong Kong. 
Miyake, 1939: 222, 241. Caroline Is.: Kusaie. 
Tweedie, 1950.2: 127; Text Fig. 4c. Cocos-

Keeling Is. Ecology. Taxonomy. 
Crane, 1957. Society Is. Preliminary classification 

of display. 
Forest & Guinot, 1961: 140; Text Figs. 140-145, 

153, 156a, b. Tahiti. General taxonomic discussion. 
Forest & Guinot, 1962: 70. Distribution. 

Uca chlorophthalmus 

Nobili, 1907: 408. Polynesia: Taravao-Tahiti. 
Taxonomy. (Torino !) 

Uca novaeguineae 

Rathbun, 1913: 617. New Guinea. Type descrip
tion. (USNM !) 

? Miyake, 1938: 110, part. Palau Is. (Part or all 
may be Uca triangularis.) 

? Miyake, 1939: 223, 242. Palau Is.; Caroline Is.: 
Kusaie. (Part or all may be Uca triangularis.) 

Uca pulchella 

Parisi, 1918: 93. Bonin Is.: Misaki. 

Uca latreillei 

Balss, 1922.1: 142. Loo Choo [Ryukyu] Is.: 
Miyako I. 

Estampador, 1959: 103. Distribution in Philip
pines. 

Uca splendidus 

Gee, 1925: 165. Hong Kong. 

Uca (Amphiuca) 
chlorophthalmus chlorophthalmus 
(Milne-Edwards, 1837) 

Gelasimus chlorophthalmus 

TYPE DESCRIPTION. Milne-Ed wards, 1837: 54. Mau
ritius. (!) 

MacLeay, 1838: 64. South Africa. [No specific 
localities given.] 

Krauss, 1843: 40. South Africa. No new material. 
Guerin, 1829-1843: Vol. 2: PL 4, Fig. 3. Vol. 3: 

7 (caption to PL 4, Fig. 3) . Mauritius. 
White, 1847: 36. (Listed.) 
Milne-Edwards, 1852: 114; PL 4, "Fig. 19" in 

text and caption, "17" on plate. Ile-de-France (Mau
ritius). [On plate there are 2 drawings labeled "17," 
the upper of an orbit, the lower of a claw; the speci
men from Mauritius, if either, can be identified as 
the lower, the example drawn being somewhat im
mature, but having the proportionately higher 
(broader) manus and shorter fingers characteristic 
of the form recognized here as a subspecies. There 
is no indication that the illustration is intended to 
represent the type-specimen. Cf. under gaimardi 
Milne-Edwards, 1852, p. 102.] 

Hilgendorf, 1869: 85 (part). Zanzibar; Mozam
bique; Mascarenes. Taxonomy. 

Hilgendorf, 1879: 803 (part). Taxonomy. 
Kingsley, 1880.1: 151 (part). No new records 

(cf. same ref. under U. c. crassipes). 
Bouvier: 1915: 301. Mauritius: Port Louis, 

Grand Port, Chaland. 

Uca amazonensis 

Doflein, 1899: 193. Teffe—Amazon River. Type 
description. See p. 322. 

Maccagno, 1929: 27; Text Fig. 14. Remarks on 
a type-specimen, now deposited in Torino; resem
blance to U. gaimardi mentioned. See p. 101. (!) 

Uca chlorophthalmus 

Stebbing, 1910: 327. Annotated references. 
Barnard, 1950: 95. South Africa. Taxonomy. 
Fourmanoir, 1953: 89. Madagascar: near Canal 

de Mozambique. Color; ecology. 
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Day & Morgans, 1956: 277, 305. South Africa: 
Durban Bay. Ecology. 

Macnae & Kalk, 1958: 39, 41, 67, 125. Mozam
bique: Inhaca I. Color; general behavior; ecology. 

Forest & Guinot, 1961: 141 (part). Taxonomy. 
Macnae, 1963: Mozambique (Inhacal.) to South 

Africa (mouth of Umtata River in northern part of 
Cape Province). Local distribution and ecology. 

Uca gaimardi 
Vatova, 1943: 24. Italian Somaliland: Giumbo. 

Taxonomy. 
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16. UCA (AMPHIUCA) INVERSA (HOFFMANN, 1874) 

(Western Indo-Pacific) 

PLATE 16. 
FIGURES 39 G; 69 / , / ; 99. 
MAP 7. 
TABLES 8, 10, 12, 14, 19, 20. 

INTRODUCTION 

Uca inversa, like chlorophthalmus, shows character
istics of both morphology and waving display that 
are intermediate between those of Indo-Pacific nar
row-fronts and the remaining subgenera of Uca. 

In contrast to the situation in chlorophthalmus, 
individual inversa devote a relatively large amount 
of time to waving display, while strictly agonistic be
havior also appears more prevalent. Unfortunately 
the social behavior of the African form is known 
only in outline, while the eastern subspecies has been 
observed in life during part of a single low tide, and 
then before it was recognized. The use of the large 
tooth at the tip of the major dactyl in /. inversa, 
doubtless in combat, is still to be learned. Perhaps 
it makes an efficient instrument for tapping in the 
combat component termed the supraheel-tap. 

In East Africa inversa ranges from the Red Sea to 
Natal, through an impressive range of climates (p. 
442). Although no morphological differences are ap
parent among the limited collections examined, it 
seems that physiological differences would certainly 
emerge with study. Furthermore, this African sub
species would be an excellent form in which to search 
for behavior differences among populations, particu
larly in droving patterns and in those of combat, both 
of which have given hints that they would repay at
tention. 

M O R P H O L O G Y 

Diagnosis 

Uca with front moderately broad. Major cheliped 
with a distinct distal crest on merus and, in African 
specimens, with a very large tooth near tip of dactyl. 
Dorso-lateral and vertical lateral carapace margins 
weak, in part vestigial to absent; no postero-lateral 
striae. Lower margin of minor cheliped merus with 
small, weak rugosities. Gonopod with broad flanges 
flanking the pore. Female (in subspecies where 
known) without tubercles or other specializations on 
lower, posterior surfaces of ambulatory meri above 
ventral margins. 

Description 

With the characteristics of the subgenus (p. 96). 

MALE 

Carapace. Orbits moderately to strongly oblique. 
Antero-lateral margins moderate; dorso-lateral mar
gins vestigial to absent. No postero-lateral striae. 
Vertical lateral margins weak, not reaching antero
lateral margins. 

Major Cheliped. Merus with a definite crest on 
antero-distal margin, either minutely serrate or prac
tically entire. Depression outside pollex base large, 
roughly triangular but with boundaries indistinct; not 
pubescent. Palm without oblique tuberculate ridge, 
the structure represented only by a low, broad con
vexity, either smooth or continuing the general dis
tribution of minute tubercles or granules that cover 
lower proximal surface of palm. Upper part of car
pal cavity extending distally either as a trench or 
represented by a distal depression somewhat sepa
rated by a convex area from the cavity itself. Center 
of palm smooth. A large triangular tooth present or 
absent subdistally on dactyl. 

Minor Cheliped. Merus with postero-ventral margin 
armed only with sparse, weakly spinous, transverse 
rugosities. Gape moderate to wide, always equal to 
or wider than breadth of adjacent part of pollex; a 
few serrations present distally or absent. 

Ambulatories. Merus moderately wide to narrow. 

Gonopod. Flanges present, both broad; tube not pro
jecting beyond them; thumb short or absent. 

Measurements 

Small to moderate crabs, attaining a known length of 
13.5 mm. 

Morphological Comparison and Comment 

The western form of U. inversa can be distinguished 
at once from the two other broad-fronted fiddlers, 
chlorophthalmus and lactea, by the large hook on the 
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tip of the major dactyl. Both the western and eastern 
(Karachi) subspecies have a well-developed crest on 
the major merus and lack postero-lateral striae. See 
also under U. chlorophthalmus, p. 99. 

The small chelipeds in inversa are unusually large 
in both sexes, but this characteristic has not yet been 
systematically investigated. When making a prelimi
nary sorting of mixed females, or males with the ma
jor chelipeds missing, this difference between inversa 
and lactea is sufficient to be a practical aid. 

Color 

Displaying males: Display whitening absent to par
tial. Major cheliped marked with orange red to pink. 

SOCIAL BEHAVIOR 

Waving Display 

Wave obliquely vertical, semi-unflexed or lateral 
straight. Jerks absent. Tips of chela reaching scarce
ly or not at all above eyes. Minor cheliped makes mo
tions, either in synchrony with the major's wave or 
more frequently. Body not raised, or scarcely raised, 
during waving except when waving accompanies 
walking. Ambulatories raised during display in the 
eastern subspecies. Herding known in the African 
subspecies. Display usually at rate of less than 1 
second per wave, with a pause between waves rang
ing from short to long. (Component nos. 1, 3, 4, 9, 
10 [weak], 12, 14; timing elements in Table 19, p. 
656.) 

Acoustic Behavior 

Leg-wagging in i. inversa is the only component that 
has been observed and filmed (component 5) . 

Combat 

The following three components have been filmed, 
all only in i. inversa at Zanzibar. Manus-rubs which, 
unusually, are in rapidly vibrating series (component 
no. 1). Supraheel-taps, without rubs; these taps were 
also extremely rapid and hi series (no. 13). Dactyl-
along-pollex-groove; this component was unusual in 
that the dactyl's motion started proximally, in the 
hollow at pollex base, and proceeded distally in each 
of the several examples known, instead of proceeding 
proximally from the pollex tip (no. 14). Interfemale 
combat was observed several times in Zanzibar, the 
ambulatories being, as usual, interdigitated and vi
brated. On Inhaca Island, in mid-September, four 
days after full moon during a morning low tide, wan
dering and fighting was at a peak I have rarely seen 
in other species. Waving display was also common 
by both aggressive wanderers and, less often, by 
neighboring burrow-holders; no interest was shown 

in females. The nights were still cool, with tempera
tures around 13° C t o 17° C although clear days, 
including the morning of the observation, maintained 
surface temperatures in the sun of 29° C to 31° C. 

RANGE 

Western Indo-Pacific. U. i. inversa: East Africa from 
the approximate latitude of Massawa in the Red Sea 
to Natal; islands near the coast (in the Red Sea; 
Sokotra; Zanzibar; Madagascar; Inhaca); Arabia, 
from Aden and Mukalla. U. /. sindensis: Known only 
from Karachi, Pakistan. 

BlOTOPES 

Salt fiats usually at or near highest tide levels, some
times covered only by spring tides, and always partly 
cut off from the open sea; sometimes on the flat banks 
of brackish streams, or on flats in the upper reaches 
of mangrove estuaries; substrate usually muddy sand. 
(Biotope nos. 11, 12.) 

SYMPATRIC ASSOCIATES 

A few populations of (Celuca) lactea annulipes have 
been found associated with those of inversa. In both 
subspecies one or two populations mingled more 
than marginally. 

M A T E R I A L R E S U L T I N G F R O M F I E L D W O R K 

(The complete list of specimens examined is given 
in Appendix A, p. 599.) 

Observations and Collections. U. i. inversa: Mas
sawa, Eritrea; Zanzibar; Inhaca I., Mozambique. U. 
inversa sindensis: Karachi, Pakistan. 

Films. Motion pictures were made in Zanzibar and 
Karachi. 

T Y P E M A T E R I A L AND N O M E N C L A T U R E 

Uca inversa (Hoffmann, 1874) 

LECTOTYPE. In Rijksmuseum van Natuurlijk His
toric, Leiden. One male, selected by J. Crane from a 
group of 3 males, of which this is the largest, num
bered 251 and labeled: "Uca inversa (Hoffm.) ( = 
Gelasimus inversus Type Hoffm.) Nossi-Faly." Frag
ile condition, with major cheliped detached and most 
ambulatories missing. There is, however, no ques
tion of its identity, the diagnostic characteristics, ex
cept for those of the gonopod, being clearly apparent. 
In view of its fragility it was not removed from jar. 
Size typical of well-grown males in this species. 

Associated Material. The 2 additional males are both 
small, with major chelipeds and some of the ambula
tories missing. Their identity, since they were not 
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removed for gonopod examination, necessarily re
mains slightly questionable. 

De Man (1891) reported that this material then 
consisted of 3 specimens in poor condition, just as is 
true today. He also states their indigenous name, in 
Madagascar, is "Cava Tangena." 

Type Material of Gelasimus smithii Kingsley, 1880. 
A dried male, cat. no. 3003, in the Academy of Nat
ural Sciences, Philadelphia, is labeled under the spe
cific name of inversa, from the Wilson collection, 
with the locality given as Natal. (!) No specimen 
labeled smithii was found. Kingsley, under the head
ing Gelasimus inversus, states that he never saw a 
copy of Hoffmann's description of inversus; his de
scription and illustration of smithii show that the 
name has been rightly synonymized with U. inversa 
by several subsequent authors, including Barnard 
(1950). 

Uca inversa sindensis (Alcock, 1900) 
TYPE MATERIAL of the subspecies. Gelasimus inver
sus var. sindensis Alcock, 1900, from Karachi, is 
clearly described by its author. The 30 specimens 
were in the collections of the Indian Museum, Cal
cutta. I have not been able to trace their present 
location; they are not in the British Museum (Natural 
History), London. 

Uca (Amphiuca) inversa inversa 
(Hoffmann, 1874) 
(Red Sea to Natal; Madagascar) 

M O R P H O L O G Y 

With the characteristics of the species. 
Major cheliped with upper part of carpal cavity 

extending distally as a distinct trench; dactyl with a 
strikingly large, subdistal, triangular tooth, some
times minutely serrate. Minor cheliped with gape 
much wider than breadth of adjacent part of pollex; 
serrations absent. Ambulatory meri narrow, the dor
sal margins of 3rd and 4th relatively straight. Gono
pod thumb absent. Gonopore with postero-outer 
margin corneous and very slightly raised, but not 
tuberculate. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male 
(Mozambique) 13.5 24.0 37.5 30.0 

Moderate male 
(Zanzibar) 9.5 16.0 24.0 15.0 

Largest female 
(Zanzibar) 9.5 15.0 

Color 
Displaying males: Display whitening absent or in
complete. Carapace black to blue with white trans
verse markings, often consisting of fine or coarse 
marblings. Frequently present and, when so, diag
nostic in the field, is a posterior pair of large white 
spots or bars, usually oval and transverse; rarely 
another, similar median pair is divided in the mid
line by black. In Zanzibar the white was sometimes 
more extensive, so that the effect was of a white crab 
with blue markings. Major cheliped with merus, out
side and in, and palm orange red; outer manus pink, 
the color sometimes extending onto fingers which are 
otherwise white. Eyestalks (Inhaca) yellowish. An
terior merus of minor cheliped and of 1st and 2nd 
ambulatories red (Inhaca); fingers of minor cheliped 
white; ambulatories otherwise dark. Females similar 
to males, except that white on posterior part of cara
pace usually is not broken by black in midline. Minor 
chelipeds sometimes (Inhaca) with propodus and 
dactyl blue in some specimens. 

SOCIAL BEHAVIOR 

Waving Display 
Described from films made in Zanzibar and observa
tions made in Zanzibar and on Inhaca; waving at 
Massawa was practically absent during the observa
tion periods. Wave at low intensities obliquely verti
cal, the cheliped being only slightly raised; at high 
intensities, the wave can be termed a lateral straight, 
although the cheliped is rarely unflexed much farther 
than the point where the manus makes a right angle 
with merus and carpus, only rarely reaching level of 
tips of eyes, and more rarely above them. Minor 
cheliped often observed making 3 to 4 corresponding 
motions to every wave of major; this motion was not 
filmed; since the field work was done before the rec
ognition of the probable stridulating component 
termed minor-merus-rubs (component no. 2) , no 
definite statement is possible; the films show only an 
occasional, single corresponding motion by the 
minor. Carapace raised scarcely to not at all during 
display, except during walking; then, as usual, it is 
held well above ground during and between waves. 
Ambulatories not raised during display. Herding 
noted occasionally in Zanzibar, the male displaying, 
facing away from female, sometimes pushing against 
her with his posterior legs and carapace, and running 
as she ran. Only single males behaved in this fashion 
toward single females, and there was no attempt to 
urge a female toward a particular burrow. I do not 
know whether the females were immature (p. 503). 
High intensity courtship display unknown. 
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Uca (Amphiuca) inversa sindensis 
(Alcock, 1900) 
(Karachi, Pakistan) 

M O R P H O L O G Y 

With the characteristics of the species. 
Major cheliped with a predactyl depression some

what separated by a convexity from upper part of 
carpal cavity; outer manus, palm, and fingers smooth
er than in i. inversa; dactyl without a predistal tri
angular tooth. Minor cheliped with gape subequal to 
breadth of adjacent part of pollex; weak serrations 
present, chiefly in distal part. Ambulatory meri mod
erately wide, the dorsal margins of 3rd and 4th clear
ly convex. Gonopod thumb present. (Female un
known. ) 

REFERENCES AND SYNONYMY 

Uca {Amphiuca) inversa (Hoffmann, 1874) 

TYPE DESCRIPTION. See under U. (A.) inversa in
versa, below. 

Uca (Amphiuca) inversa inversa 
(Hoffmann, 1874) 

Gelasimus chlbrophthalmus (not of Milne-Edwards) 

Hilgendorf, 1869: 85; 1878 (1879): 803. Mo
zambique. Taxonomy. 

Gelasimus inversus 

TYPE DESCRIPTION. Hoffmann, 1874: 19; PL 4, Figs. 
23-26. Madagascar: Nossy-Faly. 

Kingsley, 1880.1: 155. Record of type description 
only. 

de Man, 1891: 44. Madagascar: Nossy-Faly. 
Taxonomy. 

Ortmann, 1894.1: 59. Tanganyika: Lindi; Dar-es-
Salaam. 

Alcock, 1900: 355. States that specimens in the 
Indian Museum, Calcutta, from Madagascar and the 
Red Sea are different from those from Karachi, which 
he then describes as a variety, sindensis (see below). 

Gelasimus smithii 

Kingsley, 1880.1: 144. Natal. Type description. 

Uca inversa 

Ortmann, 1897: 351. No new record. Taxonomy. 

Measurements (in mm) 

Largest male: length 8.0; breadth 16.0; propodus 
16.0; dactyl 10.5. 

Color 

Displaying males: display whitening well developed, 
except for pink or pinkish orange on major palm. 

S O C I A L B E H A V I O R 

Waving Display 

Known only from a brief and unsatisfactory film 
strip. Wave obliquely vertical to lateral straight, the 
major cheliped not fully unflexed. Minor makes cor
responding motion. Several ambulatories on minor 
side raised in turn during display. 

Pocock, 1903: 213, 216. Gulf of Aden: Sokotra 
I.: Hadibu and Haulaf; Abd-el-Kuri I. 

Nobili, 1906.2: 151. Red Sea: Massawa. Taxon
omy. 

Nobili, 1906.3: 312. Red Sea. Taxonomy. 
Stebbing, 1910: 328. South African records, none 

new. 
Laurie, 1915: 416. Red Sea. 
Balss, 1924: 15. Red Sea. 
Colosi, 1924: 32. Somaliland. 
Maccagno, 1928: 26. Specimens from Red Sea 

deposited in Torino museum. Taxonomy. 
Rathbun, 1935.2: 27. Kenya: Gongoni. 
Chace, 1942: 202. Tanganyika Territory: Lindi. 
Vatova, 1943: 25. Lists published records; no new 

data. 
Barnard, 1950: 94. South African records. Tax

onomy. 
Holthuis, 1958: 53. Sinai Peninsula: Ras Muham-

med; Shora el Monpata; Abu Zabad. 
Macnae &Kalk, 1958: 38, 67, 125. Mozambique: 

Inhaca I. Color; general behavior; ecology. 
Macnae, 1963: 23. Mozambique: Inhaca I. 

Uca (Amphiuca) inversa sindensis 
(Alcock, 1900) 

Gelasimus inversus var. sindensis 

TYPE DESCRIPTION. Alcock, 1900: 356. West Pakis
tan: Karachi. 
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V. BOBORUCA SUBGEN. NOV. 

Typus: Uca thayeri Rathbun, 1900 (Tropical and subtropical coasts of America) 

PLATE 17. MAP 11. 
GONOPOD DRAWINGS: FIGURE 73. TABLES 1, 9, 10, 12, 19, 20. 
DENDROGRAMS: FIGURES 96, 99. 

MORPHOLOGY 

Diagnosis 

Large Uca with front of intermediate width; pile 
prevalent at least on ambulatories, often on cara
pace; 3rd and 4th ambulatory meri wide; major 
manus appearing smooth, never rough with large 
tubercles; fingers usually long and slender, never 
broad and flat; eyes never with styles; gonopods with 
subequal flanges, large thumb, little torsion; female 
gonopore without marginal tubercle. 

Description 

With the characteristics of the genus (p. 15). 

MALE 

Carapace. Front barely of moderate width, narrowest 
below eyestalk bases, its breadth between them about 
twice or less width of erected eyestalk at its base, in 
front of which the halves of the distal margin con
verge to the usual slightly excavate tip; frontal 
breadth contained about 5 to almost 6 times in that 
of carapace. Orbits almost straight; antero-lateral 
angles approximately right angles, scarcely or not at 
all projecting. Antero-lateral margins of moderate 
length, well defined, either slightly diverging, parallel, 
or slightly converging, curving obliquely inward, or, 
occasionally, turning in at an obtuse angle to form 
the strong dorso-lateral margins; these margins are 
usually conspicuously slightly concave, stopping op
posite middle of cardiac region; dorso-lateral and, 
usually, antero-lateral margins finely and often indis
tinctly, beaded. Two pairs of postero-lateral striae, 
paralleling dorso-lateral margins, the members of 
each well separated from the adjacent margin and 
from each other; upper stria always long, strong and 
clearly beaded, lower much shorter, sometimes ves
tigial. Vertical lateral margin strong, complete, 
beaded. Carapace profile in lateral view little arched. 
Suborbital region concave, practically naked except 
along its dorsal margin; pterygostomian region little 
convex, finely rugose, setose. 

Frontal margin always raised, broad, unbroken. 

Eyebrows long and wide, oblique, sharply marked 
both dorsally and ventrally by beaded margins, the 
ventral being stronger. Orbit with lower margin 
scarcely rolled outward, slightly sinuous; without 
tubercles, granules, ridge, or mound on its floor. Sub
orbital margin with moderate-sized crenellations 
throughout, only slightly larger and farther apart 
near and beyond outer angle, continuing laterally to 
postero-lateral channel. Ventral margin of antero
lateral angle usually blunt, rarely sharp, always un
armed. Diameter of eyestalks moderate, that of the 
eyes in life distinctly larger than stalks, though not 
to the extent found in Deltuca. 

Second Maxilliped. Spoon-tipped setae few to mod
erate. 

Third Maxilliped. Ischium with central portion al
most flat, its central groove represented only by a 
small, shallow depression near anterior margin. Gill 
minute, without books. 

Major Cheliped. Merus with postero-dorsal margin 
undefined throughout, antero-dorsal blunt, armed 
with weak rugosities which distally are little strong
er, and represent only a continuation of the general 
armature of postero-dorsal surface; proximo-dorsal 
surface smooth; ventral margin bluntly angled, with 
multiple, irregularly oblique rows of small tubercles; 
merus postero-ventrally and anteriorly practically 
smooth. 

Carpus weakly rugose only postero-dorsally and 
dorsally. Bent-over dorsal margin slightly rugose; it 
and anterior surface each with or without one or 
more small to moderate tooth-like tubercles. 

Outer manus appearing moderately smooth; sur
face covered with small to very small tubercles, the 
sizes mixed and largest on upper half, near the slight
ly bent-over dorsal margin. This margin, thin except 
distally where it is thick and tuberculate, is marked 
along its outer edge by a row of beads with a minute 
groove along their outer base; the latter is practically 
continuous with the short subdistal groove among 
the tubercles on proximal part of dactyl. No depres
sion outside pollex base. Ventral margin of manus 
with a carina, beaded to tuberculate, with a narrow 
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groove above it on its outer side, both ending at pol
lex base. 

Palm with proximal, lower part smooth or, ven-
trally only, minutely tuberculate. Oblique ridge of 
moderate height, the part distal to apex slightly high
er; its tubercles distinct, of similar size, several of 
them continuing up beyond apex around anterior 
margin of carpal cavity; sometimes others, weak, 
occur farther up, where the carpal cavity merges 
gradually, without a margin, into the finely tubercu
late, nearly flat, central and upper palm; a very short, 
variable beaded margin extending from dorsal mar
gin down along extreme antero-dorsal part of carpal 
cavity. Proximal and distal ridge inside dactyl base 
both well developed, with tubercles distinct even on 
distal ridge, parallel or with the long proximal ridge 
diverging slightly in its dorsal portion. Hollow inside 
pollex base moderate, its boundaries not sharply 
marked. 

Both pollex and dactyl lacking long grooves on 
outer surfaces. Subdorsal furrow on proximal dactyl 
well developed, surrounded by tubercles. Both fingers 
ranging from moderate in length and breadth to very 
long and slender; dactyl almost straight in proximal 
two-thirds, curving down distally beyond pollex tip. 
Gape narrow. Outer surfaces of pollex and dactyl 
smooth except, sometimes, for small tubercles proxi-
mally, especially on dactyl. Lower margin of pollex 
smooth or proximally with tubercles; upper margin 
of dactyl tuberculate throughout roughly proximal 
half. All three rows of gape tubercles represented in 
both pollex and dactyl, one or more rows being in
distinct only distally if anywhere; no tuberculate 
teeth or strikingly enlarged tubercles, although the 
usual enlarged tubercles—one submedian on pollex 
and two on dactyl—are present in most individuals. 

Minor Cheliped. Merus with dorsal margin and pos
terior surface armed with moderately large, trans
verse rugosities; postero-ventral margin with a single 
line of tubercles, small or large; antero-ventral mar
gin and anterior surface smooth or practically so ex
cept sometimes for a row of small tubercles, proxi
mally only, on margin. 

Carpus with subdorsal ridge finely and usually only 
partially beaded; ridge and adjacent groove strong. 
Mano-pollex ridge strong with trace of beading, start
ing about middle of manus and traceable about two-
thirds of way to pollex tip; upper distal half of pollex 
with another, submarginal ridge, faintly beaded, just 
below gape teeth. Dactyl much longer than manus, 
its proximal two-thirds subdorsally with a ridge and, 
below and adjacent to it, a moderate to weak groove; 
sometimes a second ridge, proximally only, adjacent 
to and below groove. Gape narrow proximally, very 
narrow to absent in distal half or more; this section 
armed with moderately strong serrations. 

Ambulatories. Meri all wide, those of 3rd and 4th 
legs notably so, their dorsal margins convex; dorsal 
armature consisting of low, close-set, transverse, 
spinulous rugosities; postero-dorsal tubercles small, 
on striae which are vertical near margin, sometimes 
curved or horizontal toward middle of posterior sur
face and always sparse to absent lower down; these 
tubercles and marginal armature largely concealed in 
pile, particularly in the young; ventral margins dis
tinct, the posterior usually finely tuberculate and the 
anterior beaded, but one or both margins sometimes 
smooth, especially on first 2 ambulatories and in 
large specimens; these margins are always free of 
pile. Anterior surfaces of all segments of 1st ambula
tory smooth (except, on merus, for the usual short 
row of predistal tubercles continued down from the 
dorsal and postero-dorsal regions). 

Gonopod. Flanges present, large, subequal in breadth, 
confluent for a slight distance beyond and external 
to pore; inner process flattened, spinous, thick, 
scarcely visible; thumb large but arising far down 
shaft and ending below, or scarcely reaching, base 
of flange; torsion slight. 

Pile. In adult males virtually confined to armature of 
minor merus and of ambulatories; highly variable 
and easily detached. In young prevalent on carapace 
as a velvety pubescence. 

FEMALE 

With the characteristics of the females in the genus 
(p. 17). Plentiful velvety pubescence on carapace 
and dense pile on legs persists in this sex throughout 
life, although it is most dense in the very young; in 
large females it is sometimes scanty, especially on 
carapace regions that are subject to abrasion. Gono-
pore set in a small depression and lacking tubercles 
on margin. 

Size 

Large. 

Color 

No display whitening. Carapace and appendages 
dark, sometimes with dark red or dark orange red, 
sometimes brighter on major cheliped. 

S O C I A L B E H A V I O R 

Waving display obliquely vertical with jerks. No spe
cial components during high intensity courtship. Lit
tle time devoted to waving. Male attracts female into 
his burrow. Chimneys constructed. Combat and 
threat behavior poorly known, apparently never 
prevalent. 
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RELATIONSHIPS NAME 

Comparisons with other groups will be found on p. Boboruca: From the Greek borborus, "mud," borbo-
19 in connection with the discussion of the sub- rodes, "muddy," the first r being elided for euphony, 
generic dendrogram. The subgenus is treated here as The name is proposed in reference to the frequent 
monospecific. clinging of the biotopic mud to these Uca, the "mud

dy fiddlers." 
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17 UCA (BOBORUCA) THAYERI RATHBUN, 1900 

(Tropical eastern Pacific; tropical and subtropical western Atlantic) 

PLATE 17. MAP. 11. 
FIGURES 46 K; 56 E; 60 H, I; 73 A, B; 81 / ; 82 / ; 99. TABLES 9, 10, 12, 19, 20. 

INTRODUCTION 

As mentioned above in the description of the sub
genus Boboruca, certain characteristics of Uca tha
yeri suggest a closer kinship with Indo-Pacific sub
genera than with the American groups. Most of them 
are concerned with social behavior, the unusual as
pects being the infrequency of thayerfs waving dis
play; the hours of waving, with their concentration 
near sunrise and sunset; the almost vertical wave, 
without special behavior during high intensity court
ship; the low general level of social activity; and the 
female's habit of constructing chimneys. In contrast, 
the male's attraction of the female to his own burrow, 
as well as morphological details such as most of the 
armature of the palm, are characteristics of Ameri
can Uca. 

The two forms for which the subgenus Boboruca 
has been erected are here reduced from species rank 
to that of subspecies, even though they have been 
divided by the Isthmus of Panama for some five mil
lion years. As in (Minuca) vocator, this course seems 
the only logical one to take, in view of the extreme 
similarity of t. thayeri and t. umbratila, both in mor
phology and in social behavior. Bott (1954: 163) 
first recognized the morphological closeness of forms 
in the two oceans. 

Although t. umbratila has been only briefly ob
served in the field during a time of its almost com
plete inactivity, a group of specimens brought from 
western Costa Rica to Trinidad lived for months in 
the crabberies. It is there that its display and chimney 
building were seen, and compared with the activities 
of t. thayeri. 

MORPHOLOGY 

Diagnosis 

As for the subgenus Boboruca, p. 109. 

Description and Discussion 

With the characteristics of the subgenus. 
As indicated in the introduction to the species, the 

differences between the Atlantic and Pacific forms 
are so slight that the maintenance of two species does 

not seem warranted. In brief, the morphological dis
tinctions consist in the Pacific chiefly of slightly 
stronger armature on the major cheliped and a more 
brachychelous claw; in the Atlantic, an exaggeratedly 
leptochelous form is usual among large specimens. 
In display, general habits, and habitat no distinctions 
are apparent. Because no other material is referable 
to this subgenus, and because of the similarity of the 
current forms, no characters are here singled out 
from the subgeneric description as of specific value, 
the differences being given below under the sub
species. So few adult specimens of t. umbratila have 
been taken that even most of the selected characters 
may prove to be unreliable. 

Color 

Displaying males: Display whitening absent. Cara
pace brown to orange brown, sometimes with faint 
reticulations. All appendages brown to orange, the 
major manus always brightest, being dull rufous to 
orange, with the color often extending to tip of chela. 

SOCIAL BEHAVIOR 

Waving Display 

Wave practically vertical at low intensities, otherwise 
semi-unflexed. Jerks present, the major cheliped 
usually making between 2 and 4 during elevation but 
none on the descent. At its highest, chela tips reach 
well above eyes. Minor cheliped usually makes a syn
chronous motion. Carapace scarcely raised during 
display. Legs remain on the ground. Steps are not 
usually taken from side to side. Waving is at the rate 
of about 0.5 wave per second, and single waves occur 
at indefinite intervals ranging from several seconds 
to many minutes. (Component nos. 2, 3, 9; timing 
elements in Table 19, p. 656.) 

As in many Indo-Pacific narrow-fronts, thayerfs 
display period is short and its times of greatest and 
sometimes only activity are during the late afternoon 
and early morning, when low tide falls at those hours. 
As in all other Uca, however, occasional individuals 
in peak display phase wave at wholly atypical times 
of the day. 
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Precopulatory Behavior 
After waving that is little or not at all faster than 
routine display, the male attracts the female to his 
own burrow and precedes her below. 

Chimneys 
Apparently only females that are in or approaching 
breeding condition build chimneys. The structures are 
large and usually symmetrically formed. Females dug 
out of them in Trinidad proved often to be ovigerous. 
Males often display from the wide rims, but seem 
never to construct their own. In southern Florida 
male (Minuca) rapax sometimes display in the same 
position on top of a thayeri chimney. 

Acoustic Behavior 
In Trinidad sounds were heard in both field and lab
oratory, when the crabs were below ground and in
truders had been introduced. Von Hagen (1967.2) 
reports having recorded sound production on that 
island, but details are not yet available. 

R A N G E 

Tropical and subtropical western Atlantic (t. tha
yeri) and tropical eastern Pacific (t. umbratila). 

BlOTOPES 

Deep mud on sloping banks of mangrove-bordered 
estuaries and streams, often partly shaded. In the 
Pacific t. umbratila was collected and observed some
what farther upstream than the Atlantic t. thayeri. 
(Biotope nos. 12, 13, 14.) 

S Y M P A T R I C A S S O C I A T E S 

In the Atlantic t. thayeri often mingles closely with 
{Celuca) cumulanta. Marginally its usual distribu
tion coincides with that of (Uca) maracoani on the 
tidal levels slightly below it and closer to open water, 
and, along its upper border, with that of {Minuca) 
rapax. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given in 
Appendix A, p. 600.) 

Observations and Collections: Western Atlantic. 
United States: Florida: St. Augustine, Miami. Guate
mala: Puerto Barrios. Guadeloupe. Trinidad and 
Tobago. Venezuela: Aragua: Turiamo; Delta Ama-
curo: Pedernales. Brazil: Pernambuco: Recife; 
Bahia: Sao Salvador; Rio de Janeiro. Eastern Pacific: 
Costa Rica: Puntarenas; Golfito; Ballenas Bay. 
Panama: Near Old Panama; Balboa (Canal Zone). 

Film. Trinidad; Recife; Rio de Janeiro. 

Sound Recordings. Trinidad. 

TYPE MATERIAL AND NOMENCLATURE 

Uca thayeri Rathbun, 1900 

TYPE MATERIAL. In Smithsonian Institution, National 
Museum of Natural History, Washington. 7 males, 1 
female, cat. no. 23753. Cabedello, mouth of Rio 
Parahyba do Norte, Brazil. June 20, 1899. Collected 
by A. W. Greeley. Received as gift from Branner-
Agassiz expedition. On mangroves. Measurements in 
mm of largest: length 17; breadth 25; propodus 42.5; 
dactyl 34. (!) 

See also note on Gelasimus palustris, p. 324. 

Uca thayeri umbratila Crane, 1941 

HOLOTYPE of Uca umbratila. In Smithsonian Institu
tion, National Museum of Natural History, Washing
ton. 1 male, no. 138132 (formerly New York Zoo
logical Society no. 381, 129); Puntarenas, Costa 
Rica. Measurements in mm: length 17.5; breadth 
29; propodus 48. (!) 

Additional type material. In same institution. Para-
types: 1 young male, 1 young female, no. 79407 
(formerly New York Zoological Society no. 4118); 
Balboa (Canal Zone). 1 female, no. 138133 (for
merly New York Zoological Society no. 381130; 
Puntarenas, Costa Rica. (!) 

Type Material, including holotype, of Uca thayeri 
zilchi Bott, 1954. In Forschungsinstitiit Senckenberg, 
Frankfurt a. M. (!) I have compared this material 
with examples of U. t. umbratila brought with me to 
Frankfurt, and they are undoubtedly all representa
tives of the same form. The major claw of the holo
type has been regenerated, certainly from an early 
age, since it is well formed but too short for the cara
pace length; its smoothness, approaching that of t. 
thayeri, has been found to be characteristic of other 
species when the original claw was broken off when 
the crab was small. 

Uca (Boboruca) thayeri umbratila 
Crane, 1941 
(Tropical eastern Pacific from 
El Salvador to Panama) 

M O R P H O L O G Y 

Carapace: Front-orbital margin notably straight, 
even in young; adults of both sexes lacking or prac
tically lacking dorsal pile. Major cheliped: Carpus 
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usually with several similar, close-set tubercles on 
dorsal margin and always with a single large tooth 
on its inner surface; manus with outer tubercles and 
those of center palm relatively large; short ridge curv
ing down from dorsal margin around upper carpal 
cavity present or absent, when present less well 
marked than in t. thayeri, formed of separate tuber
cles rather than contiguous beads. Fingers shorter 
and wider than in t. thayeri and gape narrower, being 
less wide than adjacent part of dactyl. Gonopore of 
largest female only with postero-outer portion of 
margin slightly raised, but not enough to appear as 
a distinct tubercle. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male 
(Rio Abajo, Panama) 19.0 29.0 49.5 32.0 

Holotype male 
(Costa Rica) 
(dactyl imperfect) 17.5 29.0 48.0 

Largest female (paratype) 
(Costa Rica) 19.5 30.0 

Uca (Boboruca) thayeri thayeri 
Rathbun, 1900 
(Subtropical and tropical western Atlantic from 
northern Florida, at Sarasota and St. Augustine, to 
Estado Sao Paulo, Brazil) 

REFERENCES AND SYNONYMY 

Uca (Boboruca) thayeri Rathbun, 1900 

TYPE DESCRIPTION. See under U. (5.) thayeri tha
yeri, below. 

Uca (Boboruca) thayeri thayeri 
Rathbun, 1900 
Cicie Ete 

Marcgrave de Liebstad, 1648: 185; fig. Brazil. 
Color. Description. 

Uca thayeri 

TYPE DESCRIPTION. Rathbun, 1900.3: 134; PI. 8, 
Figs. 1 and 2. Brazil: Rio Parahyba do Norte at 
Cabedello. (USNM !) 

Rathbun, 1902.1: 7. Puerto Rico. Taxonomy. 
Rathbun, 1918.1: 406; text figs.; photos. Puerto 

Rico, Jamaica. Brazil: Victoria; Natal; Rio Para-

MORPHOLOGY 

Carapace: Fronto-orbital margin very slightly 
oblique, even in large specimens, when compared 
with t. umbratila. Some pile almost always persists 
dorsally on carapace in adults, especially in female. 
Major cheliped: Carpus with row of tubercles on dor
sal margin and tooth on inner margin present or ab
sent; the two structures appear independently, outer 
manus and center palm appearing relatively smooth, 
the tubercles being smaller than in t. umbratila; short 
ridge curving down from dorsal margin around up
per carpal cavity very distinct, its crest clearly 
beaded as characteristic of the subgenera Celuca and 
Minuca; fingers in adult males always long and 
slender; in large specimens the dactyl is more than 
twice length of manus and the pollex is sinuous, its 
distal end curving downward; gape wider than ad
jacent part of dactyl. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

(All from Trinidad specimens) 
Large male 

(longest claw) 
Longest male 

(broken claw) 
Moderate male 
Largest female 
Largest ovigerous 

female 
Smallest ovigerous 

female 

18.5 

19.5 
15.0 
19.0 

17.5 

12.5 

30.0 

31,0 
24.0 
27.5 

26.5 

17.5 

hyba do Norte; Plataforma (Bahia); Sao Matheos. 
Taxonomy. (USNM part !) 

Crane, 1957. Trinidad; Brazil. Preliminary classi
fication of display. 

Gerlach, 1958: 672. Brazil: Estado Sao Paulo 
(near Cananeia). Ecology. 

Holthuis, 1959.2: 275; text figs, of gonopod; 
photos. Suriname: shore of Matappica Canal near 
mouth. 

Barnwell, 1963. Illus. Brazil. Endogenous daily 
and tidal rhythms of melanophore and motor activity. 

Miller, 1965. U.S.A. Morphology, physiology, and 
ecology in relation to distribution. 

Salmon, 1967: 451. Florida. Distribution. 
von Hagen, 1967.2. Trinidad. Tape recording 

secured. (Preliminary statement.) 
Chace & Hobbs, 1969: 216; text fig. of gonopod. 

West Indian distribution stated: Cuba, Jamaica, 
Puerto Rico, Guadeloupe, Curasao. Taxonomy. 
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Warner, 1969.1: 382-85. Jamaica. Ecology. 
von Hagen, 1970.1: 226. Material recorded from 

Colon, Panama to Sta. Catarina, Brazil. New West 
Indian record: Hispaniola. Distribution refs. stated. 

Uca (Boboruca) thayeri 
umbratila Crane, 1941 

Uca umbratila 

TYPE DESCRIPTION. Crane 1941.1: 181; Text Fig. 7; 

PI. 7, Fig. 34. Costa Rica: Puntarenas and Ballenas 
Bay; Panama (Canal Zone): Balboa. (USNM !) 

Uca thayeri thayeri 

Bott, 1954: 163; Text Fig. 5; PI. 15, Figs. 5 a, b. 
El Salvador: El Triunfo. (Frankfurt !) 

Uca thayeri zilchi 

Bott, 1954: 164; Text Fig. 6; PL 15, Figs. 6a, b. 
El Salvador: La Herradura; La Union. Type descrip
tion. (Frankfurt !) 
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VI. AFRUCA SUBGEN. NOV. 

Typus: Gelasimus tangeri Eydoux, 1835 

(Eastern Atlantic from southern Europe to Angola) 

PLATE 18 A-D. MAP 8. 
GONOPOD DRAWINGS: FIGURE 63 (part). TABLES 1, 10, 12, 14, 19, 20. 
DENDROGRAMS: FIGURES 96, 99. 

MORPHOLOGY 

Diagnosis 

Front moderate tending toward narrow. Carapace 
and pterygostomian region covered with large, well-
separated tubercles; dorso-lateral margins extending 
back almost to posterior carapace border; a large, 
sharp tubercle on orbital floor near inner corner; 
spoon-tipped setae on 2nd maxilliped with a pointed 
process at base of each spoon. Major cheliped: manus 
rough; fingers flattened, the pollex broader. 

Description 

With the characteristics of the genus (p. 15). 

MALE 

Carapace. Front barely of moderate width, narrowest 
below eyestalk bases, its breadth between them about 
twice basal breadth of erected eyestalk, each half of 
distal margin obliquely converging to the usual slight
ly excavate tip. Orbits straight or scarcely oblique; 
antero-lateral angles almost right angles, scarcely 
projecting; antero-lateral margins short, sometimes 
almost absent on major side, parallel or slightly di
verging, turning obliquely inward almost at once as 
the moderately converging, dorso-lateral margins; the 
latter continue almost to posterior edge of carapace; 
here they are stronger and curve slightly inward. 
Postero-lateral striae absent. Vertical lateral margins 
strong, complete, beaded. Carapace profile in lateral 
view strongly convex but not nearly semi-cylindrical. 
Regions all unusually deeply marked for Uca except 
for hepatic-branchial boundary, which is absent; re
gional central areas otherwise separately tumid and 
tuberculate, especially on branchial and cardiac re
gions. Area between dorso-lateral and lateral margins 
slightly tuberculate in large specimens. Suborbital re
gion tuberculate; pterygostomian region strongly con
vex and tuberculate. 

Dorsal margin of orbit single, only the upper (pos
terior) part ridged; below this ridge it is usually 
tuberculate, sometimes almost smooth, and always 

merging without a definite lower boundary into the 
orbit's smooth, inner surface. Orbit with lower mar
gin not rolled outward. Orbital floor near inner cor
ner with a large, sharp tubercle, flattened laterally; 
external to the tubercle is a mound, close to it but 
separate, that is covered with a variable arrangement 
of granules and small tubercles. Suborbital crenella-
tions strong throughout, stopping externally just be
fore lowest part of outer, orbital trench. Diameter of 
eyestalks moderate, that of eyes in life not strikingly 
greater. 

Second Maxilliped. Spoon-tipped setae numerous, 
each spoon with a basal pointed process. 

Third Maxilliped. Ischium smooth, convex except for 
a shallow, submarginal groove along inner edge. Gill 
large; on ventral side a large lobe, a large, thumb
like process, and, between them 4 to 6 dactyloid 
books. 

Major Cheliped. Ischium with a ventral tubercle. 
Merus with a large tooth distally on antero-dorsal 
margin; ventral margin tuberculate; postero-dorsal 
surface almost smooth and dorsally approximately 
flat, the postero-dorsal margin absent in distal half 
but represented by tuberculate, transverse striae. 
Carpus with dorsal margin tuberculate. 

Outer manus rough with large tubercles, largest 
both near dorsal margin and in a broad, variable 
band starting behind gape and continuing, after an 
angular turn, downward to ventral margin; depres
sion outside pollex slight and smooth. Ventral margin 
of manus with a tuberculate carina continuing on 
pollex. 

Palm with oblique ridge strong, continuing upward 
along lower part of distal edge of carpal cavity; lat
ter extending almost to upper base of dactyl, none of 
its margin being beaded; both ridges at base of dac
tyl usually irregularly tuberculate, diverging; depres
sion inside pollex base slight; central area of palm 
almost smooth. 

Pollex and dactyl long, flattened, moderately slen
der but not strongly tapering; pollex broader, some
what concave proximally on upper edge, widest near 
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middle; dactyl with lower edge almost straight, the 
upper curving little more than pollex, not extending 
beyond pollex and sometimes shorter. Both fingers 
without long, lateral grooves, although dactyl's sub-
marginal proximal groove is traceable for half or 
more of dactyl's length. Gape narrow, almost absent 
in distal half. Rows of tubercles on both prehensile 
edges complete except distally, where the median row 
swerves outward and displaces outer row, leaving a 
smooth area between it and the inner row; all tuber
cles low and rounded, especially proximally; none 
enlarged except occasionally one slightly larger near 
base of dactyl and, almost always, another at widest 
(median) part of pollex; median row giving rise to 
them in each finger at that point usually is slightly 
raised, in a weakly triangular formation. 

Minor Cheliped. Appendage long. Merus somewhat 
rugose, tuberculate externally and along postero-
ventral margin. Carpus and manus weakly tubercu
late, sometimes pitted; smooth in small adults; a small 
tubercle on carpus on inner distal side below dorsal 
margin; manus broad, shorter than dactyl; mano-
pollex ridge strong, starting slightly proximal to mid
dle of manus, running moderately near ventral mar
gin, serrate. Pollex base broad; dactyl with one 
subdorsal ridge well developed, flanked by a groove 
both above and below; second ridge weak. Gape nar
row, less than breadth of adjacent part of pollex, 
gradually decreasing distally; serrations few and 
weak, sometimes absent. Upper palmar setae in a 
tuft. 

Ambulatories. Meri of moderate breadth, those of the 
4th leg narrow, all with dorsal margins practically 
straight. Marginal armature strong. Vertical, tubercu
late striae present on posterior margins. 

Gonopod. Basically of the Thalassuca form, with 
flanges, a large inner process, and a subdistal thumb, 
the pore not being at the end of a produced tube. 

FEMALE 

With the characteristics of the females in the genus 
(p. 17) except as follows. Carapace not more 
arched and scarcely narrower; carapace regions only 

slightly less marked; carapace tubercles more homo
genous than in male, extending all the way to the 
smooth posterior margin, which is bounded anterior
ly by a tuberculate edge; tubercles of carapace sides 
usually more extensive. Orbits less oblique than in 
similar sized males only in smaller specimens, since 
the corresponding male characteristics are already 
extreme. Antero-lateral angles more acute; tubercles 
on orbital floor somewhat larger on the whole than 
in male but not more regular. 

Size 

Large to very large. 

Color 

Slight display lightening but never to polished white. 
Major cheliped largely with grayed yellowish or dull 
orange. All parts of the crab including ambulatories 
often with shades of purple, usually dull. True red, 
blue, and blue green absent. 

S O C I A L B E H A V I O R 

Plentiful time devoted to waving display. Wave 
strongly lateral-straight, the circular component be
ing usually weak. One special component, the curtsy, 
present in high intensity courtship. Female follows 
displaying male down his burrow with the usual ex
ceptional surface copulations or attempted copula
tions. No construction activities. Down-pointing com
ponent included in threat postures. 

R E L A T I O N S H I P S 

Comparisons with other groups will be found on p. 
19, in connection with the discussion of the sub-
generic dendrogram. Subgenus considered mono
specific. 

N A M E 

Afruca: Derived from the root of the Latin adjective, 
africus; hence, "the African fiddler," since the group 
is largely confined to that continent. 
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18. UCA (AFRUCA) TANGERI (EYDOUX, 1 

(Tropical to warm temperate eastern Atlantic) 

PLATE 18 A-D. MAP 

FIGURES 27 D-F; 37 E; 45 E-ll; 46 F; 63 D; 81 E; TABL 

82 F; 99. 

INTRODUCTION 

Uca tangeri holds a number of distinctions that are 
rare or unique among fiddlers. It is the only member 
of the genus found in Europe and probably the only 
one that lives in west Africa. Its range extends far
ther from north to south—a distance, measured 
around the bulge of the continent, of more than 9,500 
kilometers—than that of any other Uca. In spite of 
the lack of competition from other fiddlers, it main
tains a complex waving display unchanged from one 
end of this vast strip to the other; whatever the func
tion of waving patterns in helping among sympatric 
populations to maintain species barriers, in tangeri 
this need obviously does not exist; hence the species 
provides clear-cut evidence that the intraspecific 
functions of waving are important. 

A further interest lies in its courtship behavior. In 
particular, it is one of the several fiddlers, all of them 
in non-tropical regions, known to court females ac
tively at night through using sound production in
stead of waving display. 

Again, droving is apparently better developed in 
tangeri than in any other Uca except southern popu
lations of pugilator. In Angola, during a week's ob
servation in September, I saw large groups of both 
sexes of tangeri, none of them in territorial or display 
phases, surging to and fro, feeding at the tide's edge. 
In Spain, von Hagen (1962) observed similar drov
ing, but here it was closely connected with tidal 
phases and ecological conditions. In Portugal I saw 
the pattern only once and the group was small. These 
differences are further considered in the general ac
count of droving (p. 478). 

The species is found throughout an almost full 
spectrum of Uca biotopes, with groups within the 
same population distributing themselves from mud to 
sand, and from areas exposed to air during only brief 
periods daily to the upper margins of beaches, the 
distribution being on the basis of sex, age, and 
physiological phase. 

On both morphological and behavioral evidence, 
tangeri appears to be more closely related to Ameri
can species, in particular to those of the subgenus 
Uca, than to other fiddlers. It probably holds the size 
record for the genus, in spite of close runners-up in 

s 10, 12, 14, 19, 20. 

America within the related group; the largest individ
ual tangeri encountered in this study measures 33 mm 
long, 47 mm across, and has a claw 105 mm long 
from the base of the manus to the pollex tip. 

Two final distinctions of the species are man-made. 
It is the only fiddler that is regularly savored as an 
hors-d'ceuvre and the only one which receives pro
tection through a policy of conservation. In Portugal 
during the late afternoon fishermen sometimes bring 
large, fresh, fiddler claws to waterfront shops; there 
they are boiled to an attractive pink, spread in rows 
on trays, and sold to passersby who nibble as they 
stroll. The rest of each crab meanwhile continues his 
life back on his native flat, where he was tossed after 
a fisherman detached his claw. There the fiddler is 
expected to grow another morsel suitable for harvest. 
Reports vary on the effect of this practice in relation 
to the numbers of crabs. The species is certainly be
coming rarer in Spain (Altevogt, 1959), and as early 
as 1939 Vilela, a concerned Portuguese zoologist, 
wrote a paper deploring the reduction of local popu
lations. Fortunately, in 1959 I found the fiddler still 
abundant in selected areas along the Algarve coast 
of that country, while regenerating chelae appeared 
to be no more numerous than in other species. We 
have as yet no information on the effect of claw loss 
on the success of courtship—a problem that certainly 
deserves attention. 

M O R P H O L O G Y 

Diagnosis 

As for the subgenus, p. 116. 

Description 

With the characteristics of the subgenus. 

MALE 

Carapace. Postero-dorsal and lateral margins beaded 
throughout with close-set small tubercles. Carapace 
naked, covered except in regional grooves by well-
separated, large, rounded tubercles which are largest 
over hepatic-branchial and cardiac regions, but ab
sent over front and antero-lateral angles and weak to 
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absent on intestinal region and near posterior mar
gin; small specimens relatively smooth. Mound on 
orbital floor surmounted by highly variable small 
tubercles and granules, none of them nearly as large 
as the sharp protuberance near by. The latter arises 
farther inside the orbit than the mound, and the de
pressed eyestalk, much more slender than the orbit, 
fits behind and against it; the mound, which lies 
nearer the suborbital margin, is not at all in contact 
with eyestalk. Tubercles of pterygostomian region 
similar to large ones dorsally on carapace. Pilous 
setae absent from suborbital, pterygostomian, and 
buccal areas; longer setae scanty. 

Second Maxilliped. Spoon-tipped setae with about 3 
pairs of large lateral lobes and a basal pointed proc
ess, short and broad, almost a right angle in profile. 

Major Cheliped. Merus with antero-dorsal margin 
finely granulate, the granules curving down proximal-
ly on anterior surface and ending distally in a large, 
blunt tooth fringed with long setae; on or slightly 
above ventral margin anteriorly a row of large, sepa
rated tubercles proximally curves from the edge up 
toward proximal end of granules from antero-dorsal 
margin; below or behind this row of large tubercles 
is a second row of smaller ones, closer together, con
fined to margin and submargin, sometimes irregular 
and compound on a thick ridge. Carpus with several 
enlarged marginal tubercles, variable, on bent-over 
dorsal edge and a very large, spinous tubercle on mid
dle of inner surface. Dorsal manus margin double-
edged, the inner with sharp, separated tubercles, the 
outer with smaller, rounded tubercles set closer to
gether; ventral margin with a low carina, set with 
small tubercles that continue unbroken along pollex 
to its tip. A few additional tubercles inside pollex 
just above lower margin. 

Ambulatories. Each merus with dorsal ridge armed 
with serrations, largest, roughest, broadest, and most 
irregular on 2nd leg, next on 1st, weakening and 
becoming regular on 3rd; finally, on 4th, the edge is 
thin, the serrations being both small and regular. 
Ventral margins with both edges of all legs equipped 
with moderate, well-separated, tubercular serrations, 
those of anterior series always somewhat smaller and 
more closely set. Anterior series largest on major 1 st 
leg, decreasing in size regularly on the other 3 legs, 
but becoming close-set and numerous; vestigial on 
4th leg. Posterior series about equally large on 1st 
and 2nd legs, reduced on 3rd, marked on 4th by a 
beaded ridge; the beads well separated, no great dif
ferences between major and minor side armatures, 
except on antero-ventral series of 1st leg. Posterior 
striae: variable but best developed on 2nd and 3rd 
legs, in vertical, tuberculate, long rows, numbering 
about 9 to 11, interspersed with shorter, less regular 

striae; all confined to upper half of merus; less de
veloped on 1st leg, absent from 4th; 1st and 2nd 
meri with a few striae near upper margin anteriorly. 

Ambulatory carpus on major side dorsally flat
tened and rugose on 1st through 3rd legs, the area 
bounded by serrate edges anteriorly and posteriorly; 
on minor side carpus dorsally smoother; on 1st leg 
only posterior edge distinctly sharp and granulate; on 
2nd, both edges; on 3rd, only the anterior. 

Gonopod. Right flange strongly developed, extend
ing far beyond pore, which opens at its side; left 
flange very low, almost lacking; inner process broad, 
thick except for distal tongue, which lies partly 
against left flange, is not curved forward, and ends 
just below level of pore; thumb well developed, not 
reaching base of flange. 

FEMALE 

Gonopore. Orifice slit-like, external to a large, some
what flattened tubercle. Tubercle with apex antero-
inner, the rest of its surface marked by several longi
tudinal creases. 

Measurements (in mm) 
(See also p. 449.) 

Length. Breadth Propodus Dactyl 

specimen 5933, part; 
Africa) 

Largest male (Faro) 
(claw broken) 

Largest male (Loanda) 
(claw broken) 

Smallest displaying male 
(near Faro) 

Largest female (Faro) 
Largest ovigerous 

female (Faro) 
Smallest ovigerous 

female (Faro) 

33.0 

28.0 

26.0 

13.5 
31.0 

28.5 

17.0 

47.0 

37.5 

38.5 

18.5 
40.0 

35.5 

23.0 

Color 

Displaying males. No display whitening. Carapace 
dorsally and on sides purplish to neutral gray to 
grayed orange yellow, or pale yellowish gray. Major 
cheliped with merus and carpus dark to purple to 
dull orange; entire manus and chela ranging to pure 
white, but often with lower outer manus and outer 
pollex dull orange or yellowish. Eyestalks yellowish; 
maxillipeds, suborbital areas, and pterygostomian re
gions often reddish purple. Minor cheliped sometimes 
yellowish to grayish white. Ambulatories purple to 
dull orange except for reddish purple often on ante
rior surface of meri. In large specimens narrow, dis
tal bands at segment ends of both chelipeds and of 
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some or all ambulatories occasionally bright orange 
or red. 

The proportions of dull orange and purple vary 
greatly, without respect to size, sex, or phase. For 
example, within each of a number of local popula
tions in South Portugal some displaying individuals 
were almost entirely dull orange and a few altogether 
purple, except for the white major manus and chela; 
these observations were made during June, at the 
height of the breeding season. In Angola in Septem
ber the color range was the same as in Portugal, but 
dull gray carapaces were more prevalent and the 
paler orange yellow tones rare. In a geographically 
intermediate population in Lagos, Nigeria, during 
several days of rainy weather the color was dull but 
comparable to that in Portugal and Angola, the cara
pace being variable dull violet to purplish and the 
appendages in general dull yellowish with orange at 
the joints; one small group of inactive individuals had 
violet carapaces speckled with white. 

Neither in Portugal, Nigeria, nor Angola were 
clear hues seen, the tones of yellow, orange, reddish 
purple, and purple always being strongly grayed. 
Nevertheless the color families and distribution were 
similar to those of several members of the subgenus 
Uca, particularly stylifera and heteropleura in the 
eastern Pacific. 

Color records by Altevogt (1959) and von Hagen 
(1962) made in southern Spain agree well with the 
observations summarized above. 

SOCIAL BEHAVIOR 

Waving Display 

Wave lateral-circular except at highest intensity 
courtship, when it becomes a lateral-straight. Jerks 
absent. Waves in series, usually numbering no fewer 
than about 12, and often totalling more than 60; at 
low intensities there are sometimes short pauses be
tween waves of single series, the duration of each 
low intensity wave being about a second or some
what less. At high intensities the rate is faster; 
whether in courtship or agonistic behavior the cheli-
ped is then not brought to the ground, the wave start
ing and ending with the cheliped partly unflexed, the 
chela pointing forward. During a series the body re
mains raised on the extended ambulatories, none of 
which is lifted from the ground during display, except 
in the course of high intensity courtship. At this time 
and only then each wave is preceded by a curtsy, 
through the usual flexing of the ambulatories. Some
times, when the male is displaying toward an atten
tive female behind him, his posterior legs are strong
ly bent while the anterior ones remain extended; the 
carapace consequently is almost vertical, as in the 
display of at least several other species having the 

curtsy component. (Waving components: 4, 5, ?9, 
11, 13; timing elements in Table 19, p. 656.) 

Precopulatory Behavior 

Altevogt (1959) and von Hagen (1962) both report 
that in Spain tangeri males not only attract females 
down their burrows by waving display and sound 
production, but also, very often, mate at the surface 
both by day and at night. These observers were care
ful to count as examples only pairs that were actually 
in copulating position, including the arrangement of 
their abdominal flaps. In Portugal, Nigeria, and An
gola, on the other hand, I observed or filmed a total 
of more than 20 apparently normal, diurnal court
ships through the stage in which the female followed 
the male down his own burrow; each time the follow
ing was preceded by the male's high intensity waving 
display, as usual in American crabs. In contrast, I 
only rarely saw pairs in position at the surface, and 
of these daytime coverings of females I could see 
clearly in three examples that, although the female 
was not in an otherwise non-receptive posture, still 
her abdominal flap remained tightly closed, so that 
the male's gonopods were not in contact with her 
gonopores; in each of these pseudo-pairings, as well 
as in several others in which the abdomens were 
either invisible or not clearly seen, the male appeared 
from his general behavior, including failure to wave 
and lack of a burrow, to be a typical aggressive wan
derer (p. 691); hence none of these males was pre
sumably in condition for successful copulation. I did 
not observe tangeri at night. Perhaps the diurnal 
copulations above ground in this and other species 
in which the female usually follows the displaying 
male by day down his own burrow are characteristic 
of nocturnal courtships, the behavior occasionally 
becoming temporally displaced into daylight. The 
fact remains that the frequency of surface pairings 
in southern Spain was much higher than in the pop
ulations familiar to me, even when pseudo-copula
tions are counted. 

Another unusual characteristic of the population 
in Spain was the prevalence of attraction of males as 
well as females down the burrows of waving males 
(von Hagen, 1962, p. 690). In this and other species 
I have observed such behavior only exceedingly rare
ly; in each case where I was able to identify the phase 
of a second male descending a burrow after the 
burrow-holder had already gone underground, the 
following male was in one of three categories. Either 
he had recently been dispossessed of this same bur
row (usually by a wanderer when he was engaged in 
combat nearby) and was attempting to resume pos
session of the burrow, or a wandering male was in
vestigating the burrow, or, finally, a male of any kind 
was startled into retreat down the nearest hole. None 
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of these obvious explanations would of course ex
plain von Hagen's observations, which were appar
ently numerous. The behavior appears wholly atypi
cal of the species in several other places, as does the 
prevalence of surface copulations. Whether the ex
planation of both phenomena will prove to be due to 
ecological, seasonal, or still other factors at present 
unknown, they will certainly be of special interest. 
The subject is further considered in the general ac
count of precopulatory behavior on p. 500. 

The sound recordings of Altevogt (1962) and von 
Hagen (1962) also showed that when a male entered 
the hole, after attracting a female close to his burrow, 
he produced the "long whirl" described in the next 
section. Judging from my own observations, this 
drumming during the day takes place so far within 
the burrow that the motion is out of sight; this is un
like the occurrence of a corresponding component in 
the courtships of some other species, such as pugila-
tor and cumulanta, where the drumming occurs clear
ly at the burrow's entrance. 

Acoustic Behavior 

Altevogt (1959, 1961, 1962) and von Hagen (1962) 
described and recorded two varieties of sounds 
that occurred both by day and at night in the court
ship of tangeri populations in Spain. Both were made 
in the same way, by striking the lower margin of the 
major manus against the substrate; the investigators 
called the two sounds the kurze Wirbel ("short 
whirl") and lange Wirbel ("long whirl"); both are 
covered in the present contribution by the term 
major-manus-drum (sound component 9) . In tangeri 
the differences consist in the number of vibrations in 
a series, which range from 1 to 3 in the short whirl 
and from 7 to 12 in the long. The investigators found 
that the short form serves to attract a female close 
to the burrow of the signaling male at night, in place 
of waving display; this short whirl is also used oc
casionally during daylight when a male and female 
are hidden from each other by physical obstructions; 
each short whirl proved to be as long as a single wave 
performed at the same temperature, so that there was 
a temporal equivalence to the visual signal. The long 
whirl, they found, is used in all high intensity court
ships when the female is close to the burrow and the 
male inside it; it is also used, they report, by a male 
on top of an inhabited burrow, where it acts as "an 
irresistible signal for the occupant to emerge." If the 
crab is a male, combat may follow; if a female, copu
lation at the surface sometimes occurs. 

My own records consist wholly of field observa
tions and films, acoustic recordings not having been 
secured. They concerned only the long whirl and 
were gathered during daylight only in Portugal, Ni
geria, and Angola. These data differ from the series 

in Spain, summarized above, principally in the situ
ations that elicited the whirl, which will hereafter be 
termed for conformity the major-manus-drum or 
drumming. These sound components were infrequent 
and, with one atypical exception, were always pro
duced only during agonistic encounters between 
males. I never once saw or filmed drumming during 
courtship in this species except in the following abor
tive case photographed in Angola. Its equivalent has 
been observed in other species. In this example an 
aggressive wanderer, with the short chela of an im
mature crab, climbed on the carapace of a much 
larger female. As she sat with her legs extended stiffly 
in the non-receptive posture, he plucked at her cara
pace with his minor chela, making the irregular, in
complete feeding motions of displacement behavior 
that are sometimes incorporated into the precopula
tory pattern as carapace-feeding. From time to time 
he attempted to turn her into mating position but did 
not succeed. Finally he hit her carapace repeatedly 
and vigorously with the lower edge of his claw in a 
typical major-manus-drum (8 raps), then climbed 
down and wandered away. 

As noted in the preceding section on precopulatory 
behavior, major-manus-drumming, in the apparently 
normal, high intensity courtships with which I am 
familiar during daylight, did not occur close enough 
to the burrow mouth to be visible. 

Another filmed sequence shows a use of major-
manus-drumming in intermale behavior. Photo
graphed in Angola, it depicts the take-over of a bur
row from a display-phase male by a slightly smaller, 
aggressive wanderer. The wanderer first attempted, 
unsuccessfully, to dig the burrow-holder out, using 
the major cheliped. He then suddenly withdrew his 
claw and knocked it sharply on the ground beside the 
burrow in a major-manus-drum (6 raps). The bur
row-holder at once emerged and went away in sub
missive posture, eventually taking over an empty bur
row. Meanwhile the former wanderer emerged from 
the hole he had just usurped and promptly started to 
wave. Except for the drumming, no threat, much less 
combat, occurred. We can only speculate that the 
former burrow-holder was close to the end of a dis
play phase, while the wanderer was ready to enter 
one. Again, I have seen this particular use of drum
ming in pugilator and lactea. 

Following a later series of observations in Morocco 
and Spain, Altevogt (1964) published a preliminary 
report, with sonogram, on sound production during 
waving through contact of the pollex with the ground, 
the instrument being the same as during major-
manus-drumming. The sound consists, however, of 
only single raps, occurring at the low point of many 
waves. The sounds, it seems likely from the investi
gator's account, occurred during the high intensity 
waving-display components termed curtsies in the 
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present study. My own films made in Angola and 
Portugal show that at least during the highest inten
sities the cheliped did not usually touch the ground 
between waves. Perhaps we have here another most 
interesting example of behavior differences among 
populations that will repay detailed study in the 
future. 

A consideration of acoustic behavior in tangeri in 
comparison with that of other species is given on p. 
481f. 

In addition to the major-manus-drum (component 
9) the following acoustic components have been 
filmed: leg-wag (5) , leg-side-rub (6) , major-merus-
drum (7) , and leg-stamp (11), all in agonistic situa
tions only. 

Combat 

The following components were filmed: manus-rub 
(1) and interlace (9) , the latter preceded by down-
pointing (agonistic posture 2) . 

R A N G E 

From the south coasts of Spain and Portugal to Baia 
dos Tigres, at approximately lat. 16° S. Absent from 
the Mediterranean. In 1960 the species still occurred 
near the mouth of the Guadalquivere River (Alte-
vogt, 1961, 1962; von Hagen, 1962). In 1959 I 
found it in all suitable places along the south coast 
of Portugal, from Sao Antonio do Real in the east to 
Portamao in the west. I did not find it, nor was there 
any report of it, on the Atlantic coast of Portugal, 
even in highly suitable terrain. Altevogt, who earlier 
believed it, after a search, to be extinct in Tangiers, 
the type-locality, finally succeeded in 1963 in locat
ing a small population near the mouth of Oued el 
Melaleh, about 5 km east of town (Altevogt, 1965.1). 
In Angola it was abundant in 1957 at various locali
ties close to Loanda, which was the most southern 
point I reached. 

BlOTOPES 

Near mouths of streams, rivers, and their deltas, and 
on flats beyond their mouths in sheltered bays. Sub
strate ranging, even in the same locality, from almost 
pure mud to sand. The species range extends both 
north and south of the limits of mangroves; in purely 
tropical localities mangroves are often close to the 
crabs, as at Lagos, Nigeria, although populations 
have not been found in their shade. Burrows occur 
sometimes, however, among clumps of marsh grass. 
In south Portugal, where large rivers are absent, I 
did not find tangeri farther than about 1.5 km up
stream, and usually they were much closer to the sea. 
The largest specimens and populations there were on 

fully marine flats near Faro; in Angola the optimum 
habitat lay out of town, on a sheltered bay, with a 
full range of biotopes between rocky headlands. 
(Biotope nos. 4, 5, 6, 8, 9, 11, 12, 14, 16.) 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 600.) 

Observations and Collections. South coast of Portu
gal from Sao Antonio do Real to Portamao; Lagos, 
Nigeria; Loanda, Angola. 

Films. Motion pictures were made in all these locali
ties. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca tangeri (Eydoux, 1835) 

Type material of Gelasimus tangeri. In the collec
tions of the Academy of Natural Sciences, Philadel
phia, is a single male from the type-locality. One of 
its two labels, apparently much the older, reads as 
follows: "Gelasimus tangeri Eydoux Mag. Zool 
(type) I. tanger. 151 Guerin's colln." The second 
label reads: "Gelasimus tangieri (151 Guerin) Isle 
tangier Dr. Wilson," along with two male symbols 
and, in pencil, the words "type" and "Eydoux." The 
specimen's measurements in mm are as follows: 
Length (approximate, since posterior edge of cara
pace is broken), 23; breadth 33; propodus 64; dactyl 
44. Except for the minor damage mentioned, this 
specimen is in good condition. Its present number 
in the Academy's collection is 9-3028 (!) 

Kingsley (1880.1: 153) in listing the material he 
examined of Gelasimus tangieri wrote: "Tangier! 
Guerin's Collection (Eydoux' Types) . . . (Phila. 
Acad.)." Rathbun (1918.1: 387) concludes her 
reference to the type description: "type-locality 
Tanger; type in Mus. Phila. Acad. Sci.)." 

In the Museum National d'Histoire Naturelle de 
Paris are deposited a number of other specimens 
from the type-locality (!), four of which are listed 
by the Museum as "types non specifies," and consist 
of three males and one female. One male, No. 
3478-1, in a box labeled "Gelasimus tangerii Eye-
doux Tanger," measures as follows in mm: Length 
33; breadth 45; propodus 103; dactyl 66 (slightly 
shorter than pollex, probably because of regenera
tion at an early age). 

Type of Gelasimus perlatus Herklots 1851. Boutry. 
In Rijksmuseum van Naturlijk Historie, Leiden. (!) 
I agree with several previous workers that perlatus 
is not specifically distinct from more northern exam
ples. 
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Type of Gelasimus cimatodus Rochebrune, 1883. 
Senegambia. Reported by Rathbun (loc. cit.) to be 
in Paris museum; not found there by me in 1959. 
I agree with Rathbun that cimatodus should be syn-
onymized with tangeri. 

Type of Uca tangeri var. platydactylus Monod, 1927. 

REFERENCES AND SYNONYMY 

Uca (Afruca) tangeri (Eydoux, 1835) 

Note. This species has been the subject of a large 
number of relatively recent contributions concerned 
wholly with its biology. For the convenience of work
ers in this subject, the references are grouped at the 
end of the section, p. 124. In each of them the species 
is referred to as Uca tangeri. 

Gelasimus tangeri 

TYPE DESCRIPTION. Eydoux, 1835: cl. 7; PI. 14 (col
ored). Morocco: Tangiers. 

Milne-Edwards, 1852: 151. Cadiz; coasts of 
Morocco. Brief taxonomy. 

Heller, 1863: 101. No new record. Brief taxon
omy. 

Kingsley, 1880.1: 153. New records listed as 
"West Africa! (Duchaillu); (?) Bahia! E. Wilson 
(Phila. Acad.)." Taxonomy. (See p. 327.) 

Miers, 1881: 262. Senegambia: Goree Island. 
Taxonomy. 

Hilgendorf, 1882: 24. Senegambia. 
Osorio, 1887: 226. Barre du Dande, Benguela, 

Lobito. 
Osorio, 1888: 186, 190. L'lle du Prince. 
Osorio, 1889: 133. lies St. Thome, du Prince; 

Praia Almoxarife. 
Osorio, 1891: 46. He St. Thome: logo-logo. 
Aurivillius, 1893: 34. Portugal. Morphology; ecol

ogy; amphibious characteristics. 
Ortmann, 1894.2: 760. Liberia. 
Baudouin, 1903: 341. Spain. Autotomy, regenera

tion; use as food for man. 
Osorio, 1906: 150. Angola: Loanda. 
Baudouin, 1906: 1. Spain. General account. 
Nobre, 1931.1: 179. Portugal. Taxonomy; local 

distribution. 
Nobre, 1931.2: 100. Portugal. Taxonomy; color; 

local distribution. 
Nobre, 1936: 58. Portugal. Local distribution; use 

as food for man. 

Gelasimus perlatus 

Herklots, 1851: 6. Near Boutry. Type description. 
Milne-Edwards, 1852: 151. No new records. Tax

onomy. 

Not found by me in Paris museum, 1959. The varia
tion described appears to come within the general 
range occurring in single populations. 

Uca tangeri var. matandensis Monod, 1928. Nomen 
novum for U. t. var. platydactylus, the latter name 
being preoccupied. 

Hilgendorf, 1879: 806. Liberia; Chinchoxo; 
Loanda. 

de Man, 1879: 66. Gulf of Guinea. Suggests syn
onymy of perlatus with tangeri. 

Kingsley, 1880.1: 153. Guinea. Taxonomy. 
Studer, 1882: 13. West Africa. Taxonomy. 
Aurivillius, 1893: 31. Cameroons. Morphology; 

ecology; amphibious characteristics. 
Aurivillius, 1898: 9. Cameroons: Bibundi. 
Johnston, 1906: 862. Liberia. 

Gelasimus cimatodus 

Rochebrune, 1883: 171. Senegambia: "Les Deux 
Mamelles & cote de Maringouins; pointes des Ca-
meaux." Type description. 

Uca tangeri 

Ortmann, 1897: 356. (Spelling: tangieri.) Saw 
Eydoux's specimen. 

Rathbun, 1900.1: 276. West Africa. Taxonomy. 
Baudouin, 1906.1: Annual claw harvest; cooking 

and sale in Andalusia; regeneration. 
Bouvier, 1906: 187. Mauritania: Casanda Bay 

(Baie du Levrier). 
Nobili, 1906.1: 317. Spanish Guinea. Taxonomy. 
Rathbun, 1918.1: 387; photos. Dakar; Monrovia 

and vicinity; Baya R., Elmina, Ashantee; Chinchoxo; 
Loanda; mouth of Kwilu R. 

Rathbun, 1921.1: 465. Belgian Congo. Taxon
omy. Habits. 

Balss, 1922.2: 80. Distribution. 
Roux, 1927: 238. Gabon: Port Gentil. 
Monod, 1927: 612; text figs, of tubercle develop

ment with growth, pterygostomian regions, feeding 
positions. Cameroons. Habits, with special reference 
to feeding and food. 

Maccagno, 1928: 33; text fig. Congo region (Prin
cipe I., S. Thome, Bissau). 

Monod, 1932: 538. Mauritania. Species abundant 
near Port Etienne. 

de Miranda y Rivera, 1933.1: 55; color pis. South
west Spain. Old local records. 

de Miranda y Rivera, 1933.2: southwest Spain. 
Habits; capture; distribution. 

Werner, 1938: 134; habitat photo. Morocco. 
Brief, general habits. 
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Vilela, 1939: 177. Portugal. Reduction of Uca 
population through harvesting of claws. 

Vilela, 1949: 65. Portuguese Guinea: local rec
ords. 

Monod, 1956: 399; Text Figs. 559, 560. West 
Africa. 

Rossignol, 1957: 86, 119. French Equatorial Af
rica, near Pointe Noire. Brief color note. 

Guinot & Ribeiro, 1962: 67. Angola: Luanda to 
Baia dos Tigres. 

Altevogt, 1965.1: 31; one text fig. Occurrence in 
type-locality (near Tangiers). 

Uca tanged var. platydactylus 

Monod, 1927: 619. Cameroons. Type description. 

Uca tangeri var. matadensis 

Monod, 1928: 252. Nomen novum proposed for 
U. t. platydactylus, since latter name preoccupied. 

SPECIAL LISTING. CONTRIBUTIONS TO THE BIOLOGY 

OF Uca tangeri 

Monod: 1923. Morocco. Feeding. 
1927. Cameroons. Food and feeding. (See also 

regular listing, above.) 

Hediger: 1933.1. Morocco. Behavior. 
1933.2. Morocco. Behavior. 
1934. Morocco. Escape behavior. (In a general 
paper.) 

Crane: 1957. West Africa. Preliminary classifica
tion of waving display. 

Altevogt: 1959. Spain. Ecology and ethology. 
1962. Spain. Acoustical behavior. 
1963.1. Spain. Responses to polarized light. 
1963.2. Spain. Experiments on learning behavior. 
1964.1. Spain. Drumming and waving. 
1964.2. Spain. 3 films on feeding and social be

havior. 
1965.2. Spain. Orientation methods. 
1968. Spain. Text associated with film. 
1969.2. Spain. "Bubbling" as a means of regu

lating temperature. 
1970. Spain. Form and function of acoustic sig

nals. 
Altevogt & von Hagen: 1964. Spain. Orientation, 
von Hagen: 1961. Spain. Nocturnal activity. 

1962. Spain. Ethology, including acoustic behav
ior; post-larval development. 

Gunther: 1963. Spain. Distribution and ecology. 
Korte: 1966. Spain. Experiments on vision. 
Jansen: 1970. Spain. Physiology and ecology of 

"posing." 
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VII. SUBGENUS UCA LEACH (SENSU BOTT, 1954) 

Typus: Ocypode maracoani Latreille, 1802-1803. (East and west coasts of tropical America) 

PLATES 18 E-H; 19-21. MAPS 9, 10. 
GONOPOD DRAWINGS: FIGURE 65. TABLES 1, 9, 10, 12, 14, 19, 20. 

DENDROGRAMS: FIGURES 96, 99. 

MORPHOLOGY 

Diagnosis 

Uca of moderate to large size. Front extremely nar
row, its distal end abruptly somewhat wider; eye-
stalks strikingly slender; eye on major side sometimes 
with a terminal style, unique in the genus; lower edge 
of eyebrow absent; no elevation on orbital floor. 
Major cheliped with oblique ridge sometimes contin
ued up around carpal cavity; no beaded ridge along 
upper edge of cavity, which always continues unim
peded toward dactyl base; no long furrow on pollex 
or dactyl; pollex with ventral carina. Spoon-shaped 
tips on setae of 2nd maxilliped each with a proximal 
projection. Gill on 3rd maxilliped large, with books. 

Description 

With the characteristics of the genus (p. 15). 

MALE 

Carapace. Front exceedingly narrow, narrower than 
base of erected eyestalks, spatulate, the distal por
tion beyond eyestalk bases being distinctly broader 
than proximal. Frontal groove with margins usually 
parallel and almost fused in midline, not diverging 
until near posterior border of basal segment of eye-
stalk, but sometimes with margins diverging slightly 
starting at anterior end; groove never continuing 
close to edge of front which is notably smooth and 
rounded. Orbits scarcely oblique. Antero-lateral mar
gins short, sometimes almost lacking; postero-dorsal 
margins usually distinct almost to postero-lateral 
angle of carapace; postero-lateral striae absent. Ver
tical lateral margins complete except occasionally in 
extreme dorsal portions, and in princeps monilijera 
where these margins are entirely absent. Carapace 
profile in lateral view and pterygostomian regions 
little convex except in p. monilijera; suborbital and 
pterygostomian regions always non-tuberculate and 
only sparsely setose. 

Eyebrow region with no definite margin marking 
lower border. Orbit with lower margin not rolled out
ward; no tubercles, granules, ridge, or mound on 
orbit's floor; suborbital margin with crenellations 

moderate to strong, of varying widths, always con
tinued almost to inner angle and, continuing around 
outer angle, to orbit's lateral channel; orbit on major 
side, along with the corresponding eyestalk, often 
strikingly longer than on minor side. Eyestalks very 
slender, especially in middle; eyes even in life not 
much larger in diameter than adjacent part of stalk. 

Ocular Styles. A style, short or long, present or ab
sent at distal end of cornea on major side only, being 
a prolongation of the portion of the stalk that con
tinues along inner margin of cornea. Except in styli-
fera, styles never present on all males of any popula
tion, usually on rare individuals only, and more often 
in young than in adults. 

Second Maxilliped. Spoon-tipped setae with narrow 
projections at bases of each spoon-like distal enlarge
ment, unique in genus except for U. (Afruca) tan-
geri. 

Third Maxilliped. Gill well developed, similar to 
those of Thalassuca and Amphiuca. 

Major Cheliped. Ischium with or without a ventral 
tubercle. Merus with an antero-dorsal crest, a large 
tooth, or both, the structure being tuberculate, ser
rate, or smooth; ventral margin almost always tuber
culate, sometimes variably rugose; postero-dorsal 
surface rounded and sparsely to moderately rugose, 
granulate, or tuberculate; variable, being in some in
dividuals of all species practically smooth. Carpus 
with dorsal margin proximally or entirely tuberculate; 
postero-dorsal surface with small tubercles except in 
princeps monilijera and ornata; ventral margin 
smooth (except for occasional extensions of poste
rior small tubercles) except in major where larger, 
sharp tubercles are present. 

Outer manus rough with large, coarse tubercles, 
always somewhat larger near dorsal margin and 
sometimes, in addition, near pollex base; below dor
sal margin they sometimes form one or more definite 
rows, horizontal or oblique, that are separated by a 
smooth area or definite groove from a marginal series 
of one or more somewhat irregular rows of tuber
cles; the most distal of these tubercles is sometimes 
enlarged and similar in size to the one at the apex 
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of the oblique ridge on palm (see below); one or 
more individual tubercles in some species overhang 
dorsal margin, directed toward palm; sometimes one 
or more large tubercles arise, instead, on distal part 
of palm itself, just below dorsal margin. Outer pollex 
with a large, very shallow depression at its base, 
tuberculate or punctate, the margins being indefinite. 
Ventral margin of manus and pollex as well as dorsal 
margin of manus described above, and dorsal margin 
of dactyl with tubercles that are strong and regular 
except for occasional obsolescence near tips of fin
gers, the tubercles usually surmounting a more or 
less distinct ridge that is sometimes flanked on outer 
side by a slight groove. 

Palm with oblique ridge high, the tubercles usually 
well developed but tending toward obsolescence in 
large specimens; an enlarged tooth always present 
and persistent regardless of size at junction of ridge 
with carpal cavity; except in heteropleura and ornata 
tubercles of the ridge continue along distal margin 
of cavity to near base of dactyl; no beaded margin 
around cavity's upper distal part; extreme upper part 
of cavity always extends distally, unblocked by tuber
cles or elevation of predactyl area, open to base of 
dactyl; only one predactyl ridge, with proximal row 
of tubercles strong and fairly regular; distal ridge and 
row represented if at all by clustered tubercles or a 
few irregularities; a moderate depression inside palm 
at pollex base; center area of palm smooth. 

Pollex and dactyl both compressed, usually broad, 
never markedly slender, the tip of dactyl never curv
ing down beyond tip of pollex. A tuberculate, supra-
marginal ridge starts on distal part of outer manus 
more or less close to ventral margin and continues 
along pollex; except in major it almost reaches pollex 
tip; a narrow, adjacent groove is distinct along its 
upper side, and, in major, continues beyond it; often 
the groove supports pile; in distal half of pollex the 
ridge either is still separate from margin, closely ad
joins it, or (maracoani and ornata) merges with it; 
in major, where the ridge stops well before tip, the 
groove continues and supports plentiful pile. Pollex 
and dactyl both without long, outer grooves (exclud
ing any very narrow grooves adjoining marginal and 
submarginal tuberculate ridges). Outer side of pollex 
smooth, granulate, weakly tuberculate, or punctate; 
when punctate the depressions sometimes are associ
ated with irregular rugosities and are often filled with 
pile which may extend beyond them. Dactyl outside 
proximally tuberculate except in ornata, with or with
out a weak subdorsal groove, and, in heteropleura 
and stylifera, with a second groove faintly indicated 
proximally above central margin; remainder of outer 
surface finely tuberculate to smooth; inside dactyl 
proximally a similar subdorsal groove is sometimes 
developed, flanked below by a blunt ridge which is 

sometimes tuberculate; the groove's location is close
ly adjacent to distal extension of carpal cavity. Gape 
narrow, usually present only proximally; tubercula-
tion of prehensile edges various. 

Minor Cheliped. Appendage long, the propodus 
roughly as long as erectile part of adjacent eyestalk 
plus cornea; armature weak; setae long but often 
abraded. Merus with serrations, sometimes vestigial, 
on dorsal margin; postero-ventral margin smooth to 
weakly serrate, or, in maracoani and ornata, with 
large tubercles, widely spaced, variable in number 
and rarely absent; rare individuals with smooth mar
gins occur; antero-ventral margin smooth and 
rounded; postero-dorsal surface with scattered sharp 
granules; dorso-distal margin usually with a regular 
series of minute granules, but variable within species, 
the row being sometimes short, vestigial, or absent. 
Carpus with subdorsal ridge weak to absent; mano-
pollex ridge except in major weak, setose, starting 
slightly proximal to middle of manus, running close 
to ventral margin and continuing throughout most of 
pollex close to the finely granulate or beaded pollex 
margin from which it is separated only by a narrow 
groove. Dactyl with the two subdorsal longitudinal 
ridges and intervening groove usually distinct but 
weak. Dactyl always very long, sometimes more than 
twice length of manus; gape narrow, being always 
less wide than adjacent part of either pollex or dac
tyl, present in princeps only proximally; serrations 
moderate {princeps only) to vestigial. Upper palmar 
setae in a close-set row. 

Ambulatories. Meri of ambulatories never greatly 
expanded, that of 4th being always slender. Armature 
about as in Deltuca, being weak except on postero-
ventral margin of merus in ornata. In this subgenus 
alone of American subgenera the armature of pos
terior surfaces of meri is confined to scattered 
spinules, except for traces in several species of striae 
or rugosities; tuberculate striae are absent. No rugosi
ties intervening between the weak carpal ridges. 

Gonopod. Showing large interspecific differences; in 
less specialized species it is basically of the Thalas-
suca type, with flanges present, inner process either 
broad and flat or fleshy, and thumb subdistal. In the 
most specialized forms the parts are variously exag
gerated, displaced, reduced, or omitted; torsion is 
sometimes extreme. 

FEMALE 

With the characteristics of the females in the genus 
(p. 17). 

Size 
Moderate to very large. 
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Color 
Display whitening sometimes maximally developed in 
3 of the 6 species, absent in the others. Yellow and 
orange phases present before whitening. Carapace 
sometimes with purplish tones. Tones of red and 
orange on major cheliped usual in all species, some
times associated with purple. Purple, purplish red, 
and dull orange occurring frequently on ambula
tories. Blue and blue green absent, except for a blu
ish tinge appearing rarely on gray carapaces. 

S O C I A L B E H A V I O R 

Wave strongly lateral, both straight and circular, 
sometimes at high intensities developing into over
head circling. Plentiful time devoted to waving dis
play. No special components confined to high inten
sity courtship, except that ritualized feeding from the 
female's carapace often accompanies the customary 
plucking or stroking motions of the male. Female 
normally follows male down his burrow, with the 
usual exceptional copulations and, especially, at
tempted copulations at the surface. 

R E L A T I O N S H I P S 

Comparisons with other groups will be found on p. 
19 in connection with the discussion of the sub-
generic dendrogram. Within the subgenus Uca, prin
ceps appears to be the least specialized, as shown by 
both gonopod and major cheliped, while maracoani 
and ornata are most so in their morphological at
tainments of shape and armature, as well as by their 
waving displays and large size. 

Between princeps on the one hand and maracoani 
and ornata on the other, heteropleura, major, and 
stylifera appear clearly intermediate. Their points of 
greatest interest are their highly plastic gonopods. 
These appendages, in spite of the resemblances of 
the species among themselves in other particulars, 
show great diversity along with exaggerations of one 
or more parts; these differences occur, it seems prob
able, in response to the varied demands of sympatry. 

The relationships of these median species among 
themselves and to the other members of the sub

genus are clearly not simple. Of the trio, hetero
pleura in the Pacific appears to be the least special
ized and closest to princeps, also a Pacific form; the 
indications lie both in the relatively unexaggerated 
shape and armature of the cheliped and in the pres
ence of a similar, anomalous projection on the gono
pod. In the Atlantic, major seems, in spite of a whol
ly dissimilar gonopod, to be closer to heteropleura 
than to the Pacific stylifera; hence heteropleura and 
major are here termed allopatric species, although 
their resemblance to each other is not as striking as 
between the members of most other pairs of notably 
similar species in the two oceans. Finally, it seems 
that stylifera is least closely related to the other two; 
it alone has the broad and pitted pollex found to 
stronger degrees in maracoani, ornata, and (Afruca) 
tangeri; again, its ocular style occurs more constant
ly and attains a greater length than in any other spe
cies; finally its gonopod, with an attenuated tip and 
extreme torsion, resembles that of major only super
ficially, due principally to the reduction of flanges 
common to both species. 

FOSSIL SPECIMEN 

Rathbun described, from a male lacking both cheli-
peds, a fossil species from the Pliocene of southern 
California, Uca oldroydi. I agree with her conclusion 
that it is "near monilifera.'" The carapace, sternum, 
and abdomen are in good condition, while some de
tails of the ambulatories' armature are discernible. 
Although the distal expansion of the front is mini
mal, being perhaps damaged, it is clearly of the 
American not Indo-Pacific form. Again, American 
rugosities, not simple tubercles, show on the merus 
and carpus of an ambulatory. Measurements in mm: 
carapace length 15; breadth about 28. This great 
width recalls that of Macrophthalmus, but it seems 
that crushing has probably affected the proportions. 
The type data are as follows; Rathbun, 1926.2: 29; 
PI. 7, Figs. 1 and 2. From Deadman I., near San 
Pedro, Los Angeles County. C , Pliocene. Holotype 
originally at Stanford University; now in Smithsonian 
Institution, National Museum of Natural History, 
Washington, no. 1371025. (!) 
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19. UCA (UCA) PRINCEPS (SMITH, 1870) 

(Subtropical eastern north Pacific and tropical eastern Pacific) 

PLATES 18 E-H; 19 A-D. MAP 9. 
FIGURES 54 E; 65 A, C; 99. TABLES 9, 10, 20. 

INTRODUCTION 

One of the most interesting observations that has 
been made on the biology of Uca princeps is the fact 
that waving display in one population is different in 
details of posture and in timing from that of several 
others. Comparison of specimens from Panama City, 
Panama, and from Puerto Bolivar, Ecuador, the two 
localities where I have observed displaying males, 
shows no morphological indication whatever that two 
subcpecies are concerned. Several differences be
tween the populations, aside from their wave forms, 
were noticed. First, the displaying crabs seen in 
Panama, although of mature proportions, were much 
smaller than those in Ecuador; second, the Pana
manian crabs did not develop the striking display 
whitening or even yellowing found in the Ecuadorian 
group; and, third, young princeps collected in Pan
ama did not have the styles on the eyes characteristic 
of the young in Ecuador. My description of waving 
in the Panama group was published in 1941; the 
observations in Ecuador were made in 1944 and have 
remained until now unpublished. Meanwhile Peters 
(1955) noted that a population he studied and filmed 
in El Salvador displayed in a fashion quite different 
from my description of the Panamanian crabs, while 
von Hagen (1968), after working with princeps in 
northern Peru, again found differences. Both von 
Hagen and Peters were apparently observing large 
males, similar in size to those I watched in Ecuador, 
and their descriptions agree well with my own made 
in that locality. 

U. princeps at its maximum size is one of the larg
est species in the genus. Accordingly, the most like
ly explanation of these differences between displays 
in small, Panamanian crabs and in large individuals 
elsewhere seems to be that large crabs eliminate or 
alter components which would be awkward to per
form as the crabs become heavier and the claw, 
through inexorably continuing allometric growth, 
becomes not only more unwieldy but probably more 
difficult to balance. For example, in small crabs the 
body is raised and lowered with every wave, as the 
ambulatories repeatedly unflex and flex. Further
more, in small crabs the waves have greater ampli
tude, are faster, and are separated by shorter pauses. 
All of these characteristics may be expected in crabs 
needing to expend less energy to combat gravity. 

Suggestive is the fact that two other species of Uca, 
(Afruca) tangeri and (Minuca) mordax, show pre
cisely similar differences when the waves of very 
large individuals are compared with those of small 
but mature members of the population. An additional 
fact, possibly related to the problem, is that although 
both ornata and maracoani, both of them also un
usually heavy members of the subgenus Uca, display 
vigorously when mature at all sizes, they show a wave 
form that puts the cheliped high overhead, above the 
center of the body; there it stays, well balanced, as 
it windmills through a long series of high-intensity 
waves. These same two species also perhaps derive 
extra support from their preferred substrate, which 
is sticky mud, into which they often sink slightly, 
sometimes bending their ambulatory dactyls inward; 
the resultant flat surfaces, braced by surrounding 
mud, perhaps aids both balance and support. In con
trast, princeps usually displays on firm, muddy sand 
and has not been observed to stand on flexed dactyls. 

Since in all rich localities princeps is more or less 
closely sympatric with approximately the same group 
of species, including all three other species of the 
subgenus Uca that commonly occur in similar bio-
topes in the eastern Pacific, no reasons for local de
velopment of courtship differences are apparent. In
deed the existence of these striking differences in 
wave form and timing add one more perplexity to the 
unsolved questions concerned with species-specific 
characteristics and the functions of waving display. 

All the biological notes on princeps, both in this 
introduction to the species and below, refer only to 
p. princeps, since the northern form, here regarded 
as a subspecies, p. monilijera, has not been observed 
in life. 

MORPHOLOGY 

Diagnosis 

Members of the narrow-fronted subgenus Uca with 
fingers of major cheliped slender and tapering or 
moderately deep, but always without pits on outer 
pollex. Short ocular style occasional, but only in 
young. Carapace with sides of frontal groove parallel, 
almost contiguous, no large tubercles on dorso-lateral 
margins; suborbital crenellations large throughout, 
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not narrow and pointed near outer angle. Gonopod 
tip blunt, with a large, anterior, subdistal projection. 
Female with pile along dorsal margin of 4th ambu
latory merus; gonopore with a large marginal tuber
cle externo-posteriorly. 

Description 
With the characteristics of the subgenus (p. 125). 

MALE 

Carapace. Dorsal profile little arched except in the 
northern subspecies, where the branchial areas, espe
cially, are expanded. Frontal groove very narrow, its 
raised lateral margins parallel and almost contiguous; 
antero-lateral margins short; beaded, weakly serrate, 
or smooth; converging from the angles and usually 
distinguished from dorso-lateral margins, when they 
are present, on minor side only and then only by a 
slight bend in margin. Dorso-lateral margins present 
or absent; when present they are distinctly beaded or 
granulate but never strongly tuberculate or spinous. 
Vertical lateral margins present or absent. Suborbital 
crenellations large throughout, those near orbit's 
outer angle not abruptly narrower than those of cen
tral portion and not pointed. Lower margin of antero
lateral angles on both sides smooth. 

Ocular Styles. Sometimes present in small males, es
pecially in populations from Ecuador and Peru. 

Major Cheliped. Ischium with a ventral tubercle. 
Antero-dorsal margin of merus with a tuberculate 
crest running its full length, slightly higher in middle 
than at ends; the tubercles are all small, although 
distally either slightly enlarged, more regular or both. 
Carpus with upper surface finely tuberculate or 
smooth. Palm with oblique ridge continued around 
anterior margin of carpal cavity; tuberculation of the 
single ridge at base of gape and dactyl highly varia
ble, even within populations, ranging from a single 
strong, straight row to a cluster of tubercles at dac
tyl's base. Pollex and dactyl externally smooth in 
large crabs, granulate in young; always moderately 
to strongly compressed and either slender and taper
ing or very deep, depending on subspecies. Gape 
moderately wide in proximal half but with edges 
practically articulating throughout distal half through 
elevation of that portion of pollex. Dactyl with a sin
gle enlarged tooth in middle row slightly proximal 
to middle of segment; dactyl's inner row of tubercles 
commencing well beyond base of gape and consisting 
in its proximal part of large, well-separated tubercles 
diminishing distally in size. 

Minor Cheliped. Gape absent in distal half or more, 
the prehensile edges being not only in contact but 
with the serrations better developed than in the re
mainder of the subgenus. 

Ambulatories. Marginal armature of merus notably 
weak. 

Gonopod. Both flanges usually present, scarcely 
curved, the anterior much wider than posterior, the 
latter being at best narrower than diameter of pore 
and, in large specimens from Ecuador, vestigial to 
absent. Inner process a well-developed, flat spine ex
tending over the short tube in normal position. 
Thumb discernible but vestigial. Torsion slight. The 
most conspicuous structure on the gonopod is a large, 
firm, flattened projection below base of tube, arising 
below junction of tube with anterior flange; distal 
edge concave, antero-distal angle rounded or acute, 
where anterior edge curves to meet shaft. The pro
jection's homologies are indeterminate and, save for 
the occurrence of a similar structure in heteropleura, 
it is unique in the genus; possibly it corresponds to a 
displaced version of the large, flattened tubercle in 
U. (Deltuca) dussumieri spinata, but in the latter 
the tubercle is clearly a semi-detached portion of the 
anterior flange and there is nothing in the present 
species to indicate a similar origin; in Ecuadorian 
specimens, at least, it could more readily be consid
ered a strongly curved, atypical posterior flange, in 
which case the narrow structure here considered the 
posterior flange would when present be interpreted 
merely as an unusual strut on the surface of the tube. 

FEMALE 

No large, separated tubercles marking dorso-lateral 
margins of carapace. Merus and, sometimes, carpus 
and proximal part of manus of 4th ambulatory with 
pile on posterior surface adjoining dorsal margin, 
longest distally. Gonopore with a large marginal 
tubercle externo-posteriorly, depressible in large 
specimens because of an elastic basal area; it seems 
clear, however, in the specimens examined that the 
tubercle is not part of an inserted spermatophore 
(see p. 465). 

Measurements (in mm) 

Uca princeps p.* 
Largest males, type series 

(Smith measurements) 

Largest male 
(Ecuador) 

Largest female 
(Ecuador) 

Uca princeps monilifera 
Male (USNM 67735) 
Holotype male 

(MCZ 1578) 
Female (USNM 67735) 

Length 

24.1 
23.4 

23.0 

14.5 

29.5 

28.0 
28.0 

Breadth 

41.1 
39.8 

38.5 

23.5 

49.0 

45.0 
42.5 

Propodus 

64.0 
71.4 

63.5 

-

80.0 

70.0 
-

Dactyl 

44.0 

-

55.0 

49.0 
-

*Larger specimens formerly in the collection consisted of a 
male from Golfito, length 24.5, a female from the same locality, 
19.5, and an ovigerous female, same locality, length 14.5. Small 
displaying males near Balboa measured around 15 in length. 
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Morphological Comparison and Comment 

Uca princeps shares only with heteropleura the pres
ence of a large, anterior, subdistal projection on the 
gonopod. It shares with major, maracoani, and 
ornata the shape of the frontal groove, its sides being 
parallel and almost contiguous instead of diverging. 
In the breadth and compression of the major pollex 
and dactyl, the subspecies p. monilifera approaches 
the exaggerated shape found in maracoani and or
nata; the armature and general form of the entire 
crab, however, indicates its close relationship to p. 
princeps, although the armature of carapace and am
bulatories in both sexes is, in the northern form, even 
weaker than in p. princeps. 

The collection of additional material in Mexico, 
particularly between Guaymas and Manzanillo, could 
yield material of much interest. Two males (USNM 
57066) from Empalme, Sonora, have the character
istics of p. princeps, although the type material of 
p. monilifera came from nearby Guaymas. In addi
tion, a male (USNM 20654) from San Bias, Tepic 
Territory (now Nayarit), has the gonopod projection 
similar to that in p. monilifera; the carapace tuber
culatum, and that of females in the same lot, is char
acteristic of p. princeps. The ambiguity is sufficient 
to suggest hybridization, in spite of the fact that the 
major cheliped is missing. 

Color 

Displaying males (p. princeps): display white com
plete in Ecuador except for bright orange manus; this 
stage is preceded there by cream, and that, in turn, 
by bright yellow, the phase shown by the majority 
of displaying males during the April period of ob
servation. In Panama the color at brightest was as 
follows. Carapace purplish gray with bluish posterior 
margin. Major cheliped: outer side of merus proxi-
mally orange, distally dark purple; carpus, same; 
manus with lower two-thirds orange, upper third and 
chela white. Inner side, ischium light orange; merus, 
carpus, and chela white; palm orange buff. Eyestalks 
green yellow. Maxillipeds, suborbital areas, and 
pterygostomian regions white. Minor cheliped and 
ambulatories purplish gray except for anterior meri; 
these are sometimes orange on the major side and 
white on the minor, as in some Ecuadorian crabs that 
later in the day achieve display white. Females: cara
pace and legs with or without whitening, as in males 
of same populations. 

An account of the color changes occurring in pop
ulations of Ecuadorian princeps, both daily and dur
ing growth, is given by Crane [1944]. 

SOCIAL BEHAVIOR 

Waving Display 

(See also introduction to the species.) 

Panama (Crane's observations only [1941.1]; no 
films secured). Small specimens, about 15 mm long, 
actively courting. Wave lateral, straight to slightly 
circular. Jerks absent. With every wave carpus is 
raised, so that chela hangs obliquely down, and from 
that position the propodus is unflexed up and out, 
then brought without pause more rapidly into rest 
position; during unflexing the dactyl is raised slightly 
from the pollex. Minor cheliped makes a motion syn
chronous with the wave. Body raised high with each 
wave. Ambulatories remain on ground except to run 
a few fast steps to one side or the other. Waving at 
rate of about 1 wave every three-fourths of a second; 
a pause of similar length between waves. (Com
ponent nos. 4, 5, 9, 10, modified 14; timing elements 
in Table 19, p. 656.) 

Ecuador (Crane's observations only, unpublished; 
no films secured). Large specimens. Differs from 
Panamanian display in maintenance of elevation of 
carpus during a series of waves, during which the 
manus and chela never touch the ground, but when 
at rest are held at carpal level, parallel to substrate; 
body kept raised on extended legs throughout a series 
(component 11), not raised and lowered at every 
wave; waving about one-third slower, at the rate of 
about 1 wave per second. Pauses between waves 
much longer, ranging from about 2 to 5 seconds. At 
maximum intensity carapace posteriorly depressed on 
bent ambulatories. The crab usually mounts some 
small elevation close to his burrow before starting to 
wave. 

Precopulatory Behavior 

No complete courtships were seen, either in Panama 
or Ecuador, although waving was often directed to
ward apparently attentive females. Twice in Panama, 
males seized females after strenuous waving displays 
and tried unsuccessfully to drag them down a burrow. 
In each case the burrow was that of the courting 
male. Grip used not noted [Crane, 1941.1]. 

R A N G E 

Eastern Pacific from Santo Domingo, San Bartolome 
Bay, Lower California, and Gulf of California to 
Peru. One subspecies {p. monilifera) is known only 
in the Gulf, from San Felipe and the mouth of the 
Colorado River to Guaymas, while the other (p. 
princeps) occurs elsewhere. 
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BlOTOPES 

The subspecies p. princeps occurs on salt marshes 
largely cut off from the sea, and on sheltered muddy 
sand and sandy mud beaches, near mangroves and 
sometimes among their rhizophores. In Panama dis
playing individuals were on the lower edges of muddy 
sand beaches, while non-displaying crabs fed farther 
out from shore, on almost enclosed mudflats. (Bio-
tope nos. 6, 8, 11.) 

SYMPATRIC ASSOCIATES 

Occasionally closely associated with each of the other 
Pacific members of the subgenus Uca, except only 
rarely and atypically with ornata, a species that char
acteristically inhabits deep, open mudflats. 

M A T E R I A L R E S U L T I N G F R O M F I E L D W O R K 

(The complete list of specimens examined is given 
in Appendix A, p. 601.) 

Observations and Collections (U. princeps princeps 
only). Costa Rica: Golfito; Ballenas Bay. Canal 
Zone: Balboa. Ecuador: Puerto Bolivar. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca princeps (Smith, 1870) 

COTYPES. Gelasimus princeps: In Museum of Com
parative Zoology, Harvard University, Cambridge, 
Massachusetts. Nine males (cat. no. 5813) and 3 
males (cat. no. 5814), all from or close to Corinto, 
Nicaragua, the type-locality. Measurements on p. 
129. (!) 

Uca princeps monilifera Rathbun, 1914 

HOLOTYPE. Uca monilifera: Also in the Museum of 
Comparative Zoology (above). One male, cat. no. 
1578. Type-locality: Guaymas, Mexico. "From Capt. 
C. P. Stone; USNM; rec'd. 1859." Measurements in 
mm: length 28; breadth 45; propodus 70; dactyl 49. 
(!) 

Additional type material. In Museum of Compara
tive Zoology: 7 males, cat. no. 8272, labeled from 
Guaymas, Mexico, "out of type lot." In Smithsonian 
Institution, National Museum of Natural History, 
Washington, also from Guaymas, Mexico: one male, 
cat. no. 22180, labeled paratype, "received from the 
Museum of Comparative Zoology from no. 1578." 
(!) 

Uca {Uca) princeps princeps 
(Smith, 1870) 
(Tropical eastern Pacific) 

M O R P H O L O G Y 

With the characteristics of the species. 

Carapace. Antero-lateral and dorso-lateral margins 
distinctly beaded or granulate in both sexes con
tinuing almost to posterior edge of carapace. Vertical 
lateral margin always clearly marked and beaded at 
least in lower part; upper portion sometimes inter
rupted or weak and, close to antero-lateral margin, 
absent. 

Major Cheliped. Merus with tuberculate crest mod
erately high. Carpus with postero-dorsal surface 
tuberculate. Outer manus with tubercles numerous, 
not differing much in size among themselves, extend
ing to gape and on proximal part of dactyl but absent 
(except in young, where they are very small) from 
outside of pollex. Dactyl and pollex not notably deep. 
Lower manus and pollex with supramarginal, tuber
culate ridge distinct from marginal ridge throughout, 
although close to it distally. Prehensile edge of pollex 
with distal part of median row having some slightly 
enlarged, blunt teeth, the proximal being both larg
est and, sometimes, bifid or irregularly tuberculate. 

Gonopod. Anterior projection smaller than in p. 
monilifera, its antero-external angle acute. 

Uca {Uca) princeps monilifera 
Rathbun, 1914 
(Subtropical eastern Pacific: Gulf of California) 

M O R P H O L O G Y 

With the characteristics of the species. 

Carapace. Arching of dorsal profile higher than in 
p. princeps, with branchial regions especially ex
panded. Antero-lateral margins indistinct, either un
armed or weakly serrate; dorso-lateral margins in 
male absent; in female faint, with irregular minute 
granules, the most posterior enlarged; vertical lateral 
margins in male absent, in female weak. 

Major Cheliped. Merus with tuberculate crest higher 
than in p. princeps, and more regularly arched. Car
pus with postero-dorsal surface smooth. Outer manus 
with few tubercles, widely spaced, not extending onto 
sides of either dactyl or pollex in the few specimens, 
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all large, that are known. The outstanding character
istic of the subspecies is the great depth and com
pression of both pollex and dactyl, the widest part of 
each being an area just beyond middle of their length; 
both are notably concave internally near their proxi
mal ends, while the pollex has a concave region ex
ternally near its tip, the extreme tip being curved out
ward. The supramarginal tuberculate ridge along 
lower part of pollex merges distally with the ventral 
ridge. These ventral and supramarginal ridges on the 
pollex, the outer prehensile rows of both pollex and 
dactyl, and the dorsal tuberculate ridge of the pollex 
all combine to give a strong, raised, tuberculate bor
der to all the outer edges of the chela, the effect being 
more conspicuous than in p. princeps. Prehensile 

R E F E R E N C E S A N D S Y N O N Y M Y 

Uca (Uca) princeps (Smith , 1870) 

TYPE DESCRIPTION. See under U. (U.) princeps prin
ceps, below. 

Uca (Uca) princeps princeps (Smith, 1870) 

Gelasimus platydactylus (not of Milne-Edwards, 
1837, which is a synonym of Uca major [Herbst, 
1782]) 

? Saussure, 1857: 362. Mexico: Mazatlan. Brief 
taxonomy. 

Gelasimus princeps 

TYPE DESCRIPTION. Smith, 1870: 120; PI. 2, Fig. 10; 
PI. 3, Figs. 3-3c. Nicaragua: Corinto. (MCZ !) (Not 
PI. 2, Fig. 8, questionably identified by Smith as 
princeps; see this study under stylifera.) 

Smith, 1871: 91. Record of type description. 
Lockington, 1877: 146. West coast, Lower Cali

fornia: San Bartolome Bay. Taxonomy. Habitat: 
"Holes under rocks at low tide." Material not extant. 

Uca princeps 

Rathbun, 1911: 550. Peru. Brief taxonomy; local 
distribution (by R. E. Coker). 

Rathbun, 1918.1: 382; photos. Abreojos Point, 
Lower California, to Peru. Taxonomy. 

Rathbun, 1924.4: 376. Gulf of California: Balan-
dra Bay at Carmen I. (lat. 26° N ) . 

Maccagno, 1928: 16; text fig. (claw). Mexico: 
Salina Cruz. Taxonomy. 

edge of pollex, unlike that of p. princeps, without 
notably enlarged tubercles. 

Ambulatories. Armature of merus especially weak, 
the margins and posterior surfaces in males being 
usually practically smooth and in females with small 
tubercles only on some margins. No young available 
for examination. 

Gonopod. Thumb and anterior projection slightly 
larger than in p. princeps, the antero-external angle 
of projection being rounded. The two gonopods, 
however, are so closely similar that it seems reason
able to consider monilifera a subspecies of princeps 
in this subgenus where the gonopods differ widely 
even among closely related species. 

Crane, 1941.1: 170; text figs. Costa Rica. Canal 
Zone. Taxonomy, color, waving display, habitat. 

Crane, 1944. Ecuador. Color changes in the field. 
Bott, 1954: 158; photos. El Salvador. Taxonomy 

(part). 
Peters, 1955: 436; text figs. Salvador. Behavior; 

morphology; ecology. 
Crane, 1957. Panama; Ecuador. Preliminary clas

sification of waving display. 
Altevogt & Altevogt, 1967: E 1269. Film of wav

ing display. 
von Hagen, 1968.2: 436; text figs. Peru. Taxon

omy, color, waving display. 
Altevogt, 1969.1: 238; text figs. Behavior and 

gonopod structure as isolating mechanisms. 

Uca (Uca) princeps monilifera 

R a t h b u n , 1914 

Eurychelus monilifer 

Agassiz, L. (MS label.) 

Uca monilifera 
TYPE DESCRIPTION. Rathbun, 1914.2: 126; PI. 9. 
Mexico: Guaymas. (MCZ !; USNM !) 

Rathbun, 1918.1: 380; photos. Gulf of California: 
mouth of Colorado R. (Montague I.) . Taxonomy. 

Maccagno, 1928: 15; text fig. (claw). Mexico. 
Taxonomy. 
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20 UCA (UCA) [MAJOR] HETEROPLEURA (SMITH, 1870) 

(Tropical eastern Pacific) 

PLATE 19 E-H. M A P 10. 

FIGURES 24 D, E; 32 / , K; 37 F; 40 A, B; 54 D; TABLES 9, 10, 12, 19, 20. 

65 D; 82 £>; 99. 

INTRODUCTION 

Among the six members of the subgenus, hetero-
pleura is the smallest, the most vigorous in waving 
display, and the most abundant. The bright orange 
on its lower manus and pollex, combined with its gen
eral appearance, flattened claw, size, and habitat, all 
make this species a close parallel to one of the Indo-
Pacific narrow-fronts, (Thalassuca) vocans. The dis
plays of the two forms, however, are wholly unlike, 
each showing characteristics typical of its own part 
of the world (p. 533). 

M O R P H O L O G Y 

Diagnosis 

Members of the narrow-fronted subgenus Uca with 
fingers of major cheliped moderately slender and the 
pollex not pitted. Short ocular style occasional in 
adults and young. Carapace with sides of frontal 
groove diverging; suborbital crenellations broad and 
truncate in central portion but narrow and pointed 
near outer angle; in males only at least one tubercle 
beneath base of antero-lateral angle, above external 
orbital channel. Gonopod tip slender, with a large 
anterior projection at base of projecting tube. Female 
without pile on merus of last ambulatory; gonopore 
without tubercle, slightly curved; setae on chela mar
gins moderately long, numerous, close-set. 

Description 

With the characteristics of the subgenus. 

MALE 

Carapace. Frontal groove narrow, its sides diverging 
gradually backward from its pointed anterior end; 
eyebrows wholly absent, the dorsal margins of orbits 
being thin, usually beaded but sometimes practically 
smooth; antero-lateral angles scarcely to slightly pro
duced, directed either outward or obliquely forward, 
sometimes fully rectangular. Antero-lateral margins 
short and granulate, weakly serrate, or practically 
smooth, converging from the angles, distinguished 
from dorso-lateral margins only by a wide angle or 

slight bend that is usually absent on major side; 
dorso-lateral margins little or not at all raised but 
always marked throughout by distinct granules or 
small tubercles that continue almost to posterior mar
gins. Vertical lateral margins present and finely 
beaded in lower part but weak to absent in upper. 
Suborbital crenellations lower than in other species 
of the subgenus except stylifera, being broad and 
truncate in central section but narrow and pointed, 
sometimes almost spinous, well separated close to 
outer angle and beyond it on orbit's lower, outer mar
gin. Lower margin of antero-lateral angle on major 
side sometimes tuberculate on inner side of its fring
ing setae; always at its lower (posterior) end, just 
above external orbital channel and therefore opposite 
end of suborbital armature, there is a relatively large 
tubercle, or a cluster or short row of several small 
tubercles; this structure always lies outside the afore
said row of setae. 

Ocular Styles. Present in some males, about as long 
as cornea. 

Major Cheliped. Ischium with ventral tubercle pres
ent or absent. Merus with distal end of antero-dorsal 
margin having a large, flattened tooth or narrow crest, 
edged with variable denticulations; proximally the 
merus margin is edged only with small tubercles. 
Dorsal margin of carpus with a short proximal row 
of tubercles. Outer manus with tubercles largest near 
dorsal margin and around the slight hollow at pollex 
base; smaller tubercles about size of those on carpus 
occur inside this hollow and extend, unbroken, up 
along edge of gape and throughout lengths of both 
pollex and dactyl. Palm with oblique ridge ending at 
carpal cavity; above that level ridge is represented by 
a scattering of faint granules; one or usually two 
pointed tubercles, comparable in size to the usual en
larged tubercle that ends the oblique ridge at its junc
tion with carpal cavity, occur submarginally near 
upper distal end of carpal cavity, the proximal being 
always the larger. Pollex with supramarginal ventral 
ridge conspicuous, farther removed from ventral 
margin in pollex' proximal half than in princeps, but 
distally close to marginal row; pile usually present in 
at least distal part of the narrow groove adjoining 
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pollex submarginal ridge. Pollex and dactyl both 
moderately compressed, not notably deep except for 
pollex in large individuals; tapering; dactyl usually 
with traces of a short, proximal groove above its ven
tral margin, as well as the usual weak, subdorsal 
groove; pollex and dactyl each in distal half with a 
tooth enlarged in middle row, that on dactyl being 
more proximal; margins of gape beyond these teeth 
concave; dactyl's inner row of tubercles commencing 
well beyond base of gape and consisting in its proxi
mal part of small, moderately close-set, rounded 
tubercles, the most proximal being abruptly the larg
est and the rest diminishing gradually in size. 

Ambulatories. Merus with marginal serrations rela
tively well developed on postero-ventral margins. 

Gonopod. Anterior and posterior flanges each repre
sented by a narrow strut along each side of tube. 
Inner process vestigial, apparently represented by a 
brush of hair-like setae on slight thickening at base 
of projecting terminal tube. Latter is bent almost at 
right angles to main shaft, and distally shows slight 
torsion toward rear. Thumb absent. At base of tube 
is a large, stiff, flattened projection, directed ante
riorly, similar to that found in princeps (p. 129), 
and of equally uncertain derivation. 

FEMALE 

Unlike male, female has no tubercle beneath base 
of antero-lateral angle; the suborbital crenellations, 
however, are smallest and narrowest near outer angle, 
similar to those of male. No pile on merus of last 
ambulatory. Gonopore without tubercle, a slightly 
curved slit. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male 
(Ecuador) 15.5 24.0 38.0 22.0 

Moderate male 
(Panama) 11.0 17.5 24.0 13.5 

Largest female 
(Panama) 9.0 14.0 

Ovigerous female 
(Panama) 6.5 (damaged) - -

Morphological Comparison and Comment 

U. heteropleura is unique in having the suborbital 
crenellations abruptly narrow and pointed near outer 
angle, with one or more tubercles beneath base of 
antero-lateral angle. It shares only with princeps the 
presence of a large, anterior, subdistal projection on 
gonopod, and only in stylifera do the sides of the 
frontal groove also diverge. 

From time to time during the preparation of this 

study it has seemed to me that heteropleura must be 
synonymous with stylifera, the displaying members 
of a heteropleura population perhaps indicating a 
form of paedomorphism in which a majority of indi
viduals never reached full breeding condition. Most 
of the few morphological differences—except for the 
gonopod—between the two could be readily ex
plained as growth differences, while the fact that I 
have never, during limited observation periods, seen 
males that have attracted the attention of females was 
also suggestive. Finally, the energetic display of 
heteropleura, when compared with the slower move
ments found in stylifera, suggested the similar differ
ences found between the displays of smaller and 
larger princeps. In spite of these earlier doubts, how
ever, it now seems clear that heteropleura and stylif
era are distinct species, although closely related sym
pat ic forms, just as, for example, (Celuca) beebei 
and (Celuca) stenodactylus. 

Color 

Displaying males: Display whitening often developed 
but confined to carapace. A yellow phase precedes 
the white at Puerto Bolivar, Ecuador. Major cheli-
ped: Outer merus, carpus, and upper half of manus 
purple; lower half of merus persistent dark reddish 
brown, providing a good recognition character at a 
distance in the field even among non-displaying 
males; lower half of manus and proximal carpus 
bright orange; rest of chela white inside and out; 
upper inner side of merus and carpus orange, their 
lower parts purple; palm orange. Minor cheliped and 
ambulatories brown to gray. Displaying males often 
do not develop white carapaces, remaining dark. Fe
males dark brown to brownish gray. 

S O C I A L B E H A V I O R 

Waving Display 

Wave lateral; sometimes straight at low intensities, 
circular at high. Jerks absent. At beginning of each 
wave carpus is raised, the manus and chela pointing 
obliquely down, not touching ground; cheliped then 
unflexed laterally, after which, except during low in
tensity straight display, the chela is raised maximally 
before being flexed abruptly down into position. Dac
tyl slightly raised and held parallel to pollex during 
each wave. Minor cheliped makes synchronous mo
tion. During each wave body is raised high on middle 
2 ambulatories, which are stretched vertically to such 
a degree that the shorter first and last legs leave the 
ground. The legs otherwise are not raised except 
often between waves in taking a few steps from side 
to side. Waving is at the rate of about 0.5 to more 
than 1 second per wave, with a pause between waves 



U. (UCA) HETEROPLEURA 135 

in a series about half as long; more than 100 waves 
sometimes occur in a single series. (Component nos. 
4, 5, 9, 10; timing components in Table 19, p. 656.) 

Acoustic Behavior 

Leg-wagging (component no. 5) has been filmed. 

R A N G E 

Tropical eastern Pacific from the Gulf of Fonseca 
(El Salvador) to Puerto Pizarro in northern Peru. 

BlOTOPES 

Tidal mudflats close to shore, along more or less open 
bays, not close to mouths of large rivers; displaying 
populations usually adjoining these flats on the lower 
levels of muddy sand beaches. (Biotope nos. 6, 8.) 

S Y M P A T R I C A S S O C I A T E S 

A few of the closely related species (Uca) stylijera 
sometimes share the same shore, as does ( Uca) prin-
ceps. Although {Uca) ornata also lives on mudflats, 
heteropleura usually does not mingle with it, since 
the preferred habitat of the present species is farther 

REFERENCES AND SYNONYMY 

Uca (Uca) heteropleura (Smith, 1870) 

Gelasimus heteropleurus 

TYPE DESCRIPTION. Smith, 1870: 118; PI. 2, Fig. 7; 
PL 3, Figs. 2-2b. Gulf of Fonseca: El Salvador. 
(MCZ!) 

Smith, 1871: 91. Record only; no new material. 
Lockington, 1877: 147. Record only; no new ma

terial. 
Kingsley, 1880.1: 139. No new material. Taxo

nomic comments on type. 

Uca heteropleura 
Rathbun, 1918.1: 385; PI. 161, Figs. 1-4 (all 

drawn after Smith). No new material. Taxonomic 
description after Smith. 

from river mouths on somewhat firmer ground. Two 
members of the subgenus Celuca often mingle closely 
with heteropleura—oerstedi and beebei. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 601.) 

Observations and Collections. Costa Rica: Golfito. 
Panama and Canal Zone: Bahia Honda; Panama 
City (Bellavista, Old Panama); Balboa. Ecuador: 
Puerto Bolivar. 

Film. Old Panama. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca heteropleura (Smith, 1870) 

HOLOTYPE of Gelasimus heteropleurus. In Museum 
of Comparative Zoology, Harvard University, Cam
bridge, Massachusetts. One male, cat. no. 5819. 
Alcohol. Gulf of Fonseca, Salvador. Collected by 
J. A. McNiel. Received from Peabody Academy of 
Science, Nov. 1885. Measurements in mm: length 
15.8 (Smith); breadth 25 (Smith); propodus 32 
(Smith); dactyl 20 (J.C.) (!) 

Crane, 1941.1: 171; text fig. of minor cheliped. 
Costa Rica; Panama. Taxonomy, color, waving dis
play, habitat. 

Holthuis, 1954: 162. No new material; record 
only. 

Crane, 1957. Panama; Ecuador. Preliminary clas
sification of waving display. 

von Hagen, 1968.2: 435;.text figs. Peru. Taxon
omy; waving display; habitat. 

Uca sty lifer a (not Gelasimus sty lifer us 
Milne-Edwards) 

Bott, 1954: 159 (part); not text fig. nor plate. Cat. 
no. 1884 (Frankfurt) (fide von Hagen, 1968.2: 
436); Alcadia de Triunfo, El Salvador. 
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21. UCA {UCA) [MAJOR] MAJOR (HERBST, 1782) 

(Tropical western north Atlantic) 

PLATE 20 E-H. MAP 10. 
FIGURES 65 F; 99. TABLES 9, 10, 12, 20. 

INTRODUCTION 

Uca major is a moderately large fiddler that seems to 
be uncommon. Only scattered individuals have been 
observed and collected from single localities, and ap
parently no large population of the species has ever 
been reported. 

Its closest relations appear to be heteropleura and 
stylifera in the eastern Pacific. The problem of the 
contrasting gonopods in these species is considered 
on p. 127. 

The species for many years was known by the 
name of its synonym, heterochelos. 

M O R P H O L O G Y 

Diagnosis 

Large, narrow-fronted Uca with fingers of major 
chela tapering, not broad and flat and not touching 
except distally. Differs from U. heteropleura most 
distinctly as follows. Ocular styles apparently absent. 
Frontal groove very narrow with sides parallel, prac
tically contiguous; suborbital crenellations largest 
near outer angle, not centrally in male; no tubercle 
beneath base of antero-lateral angle. Gonopod tip 
without anterior projection at base of tube, which is 
extremely produced and twisted. Female with pile on 
last ambulatory along dorsal and ventral margins of 
merus, dorsally on carpus, and, sometimes, on 
manus; gonopore, although without a distinct tuber
cle, has the outer rim raised. 

Description 

With the characteristics of the subgenus (p. 125). 
Differs as follows from heteropleura. 

MALE 

Carapace. Frontal groove as in princeps, being very 
narrow, its raised lateral margins parallel and almost 
or wholly contiguous; dorsal margins of orbits thicker 
than in heteropleura; antero-lateral angles always 
acute and more produced, directed obliquely for
ward, the upper (anterior) part of the angle's lower 
margin finely serrate on major side; antero-lateral 
margins very short, tuberculate or serrate, even less 
distinct from dorso-lateral margins than in hetero

pleura; dorso-lateral margins always granulate at 
least anteriorly, instead of throughout as in hetero
pleura or at least posteriorly as in stylifera; central 
and posterior tubercles are few or lacking in the larg
est specimens. Vertical lateral margins complete even 
at dorsal end. Suborbital crenellations large, largest 
close to outer orbital angle, not centrally; the several 
truncate crenellations, if any, are near the angle. No 
tubercles on lower side of antero-lateral angle above 
external orbital channel. 

Ocular Styles. Absent from known specimens. None 
of those examined, however, have been very young. 

Major Cheliped. Ischium with ventral tubercle ab
sent, or only indicated by an enlargement of angle. 
Merus with antero-dorsal margin with a large crest 
running its entire length; proximally it is low, irregu
larly and variably shaped and almost entire; highest 
in middle whence it curves downward slightly to its 
end; distal half strongly tuberculate or serrate. Car
pus with dorsal margin tuberculate throughout most 
of its length; one to three tubercles also present along 
lower margin. Tubercles of outer manus slightly more 
homogenous in size than in heteropleura. Palm with 
oblique ridge continuing strongly around anterior 
margin of carpal cavity; no submarginal tubercles be
low dorsal margin. Supramarginal ridge on pollex dy
ing out beyond middle, although the groove along 
the ridge's upper margin continues, slanting slightly 
upward almost to pollex tip; groove, including its dis
tal extension, supporting short pile which, beyond 
end of tuberculate ridge, is much better developed 
than in related species, sometimes filling in entire 
space between top of groove and ventral marginal 
ridge; in the best-developed examples the pile in this 
distal region is very long; in some specimens, as in 
other species, all pile is virtually lacking, apparently 
through abrasion. Pollex slender for the subgenus, 
even in large specimens, usually with a few minute 
punctae among the granules. Dactyl outside without 
definite trace of a lower proximal groove, and its sub
dorsal groove is rudimentary; inside dactyl the proxi
mal subdorsal groove is well developed, its lower edge 
marked by a short line of tubercles. Middle row of 
tubercles on prehensile edge of pollex with a tubercle 
beyond middle only slightly enlarged, never in the 
form of a large, triangular tooth; a slightly enlarged, 
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more proximal tubercle on dactyl is even less devel
oped; the long distal margins of prehensile edges be
yond these two are not at all concave (excluding the 
frequent slight curve of extreme tip of each finger). 

Minor Cheliped. Mano-pollex ridge well developed, 
clearly stronger than in the other species of the sub
genus, scarcely setose in the specimens examined. 

Ambulatories. Some of the spinules near dorsal mar
gin of posterior sides of meri are arranged on rudi
mentary striae. 

Gonopod. More similar to that of stylifera than of 
heteropleura, the anterior projection being absent, 
but with stylifera's characteristics exaggerated. En
tire tip very elongate, twisted to such an extent that 
the positions of the very narrow flanges are reversed 
from the normal, the morphologically posterior 
flange, which projects beyond the pore, being approx
imately anterior; in contrast, the shorter, morphologi
cally anterior, flange is distally in a posterior position. 

FEMALE 

As in stylifera, the suborbital crenellations in this 
sex are not a reliable character. Tips of chela clearly 
pointed, not obliquely truncate; setae on chela short 
and scanty, similar to those in stylifera, rather than 
in heteropleura. Tubercles on dorso-lateral margins 
present or absent. Merus of 4th ambulatory with pile 
on posterior surface adjoining both dorsal and ven
tral margins; above ventral margin it is absent prox-
imally; carpus of same leg with pile on dorsal surface 
only; pile sometimes additionally present proximally 
on dorsal surface of manus. Gonopore without a dis
tinct tubercle but with parts of the outer and inner 
rims slightly and unevenly raised. 

Measurements (in mm) 

Largest male 
(Trinidad) 

Largest female 
(Bahamas) 

Length 

20.0 

15.0 

Breadth 

34.0 

25.0 

Propodus 

52.5 

Dactyl 

34.0 

Morphological Comparison and Comment 

U. major alone among the members of the subgenus 
lacks ocular styles at all ages, so far as is known; it 
should be remembered however that this species is 
uncommon, and no large collections have been avail
able for examination. The species is also unique in 
having the suborbital crenellations largest near outer 
angle, and in the extreme elongation and torsion of 
the gonopod's tip. 

The male is easily distinguished from that of mara-
coani, the other Atlantic Uca with a very narrow 

front, by its normally tapering fingers on the major 
cheliped and the elongate tip to the gonopod; of simi
lar diagnostic use in the female is the submarginal 
pile on the 4th ambulatory merus. 

Color 

Displaying males: display whitening usually strongly 
developed over entire carapace and major cheliped 
except for occasional purple markings in any of the 
following positions: in a band across posterior mar
gin of carapace, or on merus, carpus, or manus of 
major cheliped; in Venezuela proximal part of pollex 
was bright purple red in the few examples seen but 
pure white in Trinidad. Eyestalks green yellow. Or
bits, antennal area, and suborbital regions sometimes 
purplish. Minor cheliped with manus and chela usual
ly white. Ambulatories with purple at least on ante
rior sides of meri; often all ambulatories are entirely 
purple or purplish brown even when the crab is other
wise completely polished white. Females dull brown 
to yellowish white except for yellow eyestalks and 
white on carpus, manus, and chela of each cheliped. 

SOCIAL BEHAVIOR 

Waving Display 
(Known only from a few examples in Venezuela and 
Trinidad; films not secured.) Wave at low intensity 
semi-unfiexed, approaching the vertical; more often, 
at higher intensities, straight to narrowly circular, the 
cheliped being unfiexed obliquely upward. Jerks ab
sent. Manus and chela not brought all the way down 
to contact with the ground between waves. Usually 
only front of body raised with each wave, through 
straightening of the more anterior ambulatories; pos
terior legs meanwhile are further bent, depressing 
posterior part of carapace; as each wave ends, the 
crab settles abruptly; sometimes at high intensities 
body is held moderately high during a series. Minor 
cheliped makes synchronous motion during wave. 
Ambulatories kept on ground during waving except 
that during moderate to high intensity rapid steps are 
usually taken to one side or the other, often toward 
the side of the major cheliped. Wave highly variable 
in duration; often lasting about 2 seconds, the unflex-
ing and flexing each taking about 1 second without 
a pause at peak. At low intensities indefinitely long 
pauses occur between waves, but at higher intensities 
waves sometimes occur in long series with pauses be
tween waves imperceptible. (Components 3, 4, 5, 9, 
10, 11.) 

Acoustic Behavior 

Major-merus-suborbital rubbing (component no. 1) 
observed a number of times after each wave in ago-
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nistic situations. Von Hagen (1967.2) reports hav
ing made a tape-recording of sounds produced by 
this species. 

R A N G E 

Tropical western Atlantic, known with certainty from 
the West Indies, Panama, Venezuela, and French 
Guiana. Reported once from Mexico (Kingsley, 
1880.1), but no material has been found and the 
record should probably be considered questionable. 
Occurrence in Brazil (Seba, 1758 and 1761) also 
unproved (see under type material). The range in 
the West Indies consists of the following localities: 
Chace & Hobbs (1969) listed the Bahamas (Bimini, 
San Salvador), Cuba, Jamaica, Puerto Rico, Saint 
Croix, and Guadeloupe; von Hagen (1970) added 
Haiti, on the basis of specimens he found in the 
Hamburg Museum, and Trinidad, where I also found 
the species to be present but rare. 

BlOTOPES 

Muddy sand to sandy mud, usually on salt flats al
most cut off from open water and well above low tide 
levels; near but not among mangroves. (Biotope nos. 
6,11.) 

SYMPATRIC ASSOCIATES 

Sometimes major occurs among lower, feeding (not 
displaying) populations of (Minuca) rapax. It does 
not seem to live among populations of maracoani, 
the other Atlantic species of the subgenus, although 
in one area familiar to me in Trinidad the two species 
live within a hundred yards of each other with no 
physical barriers between them, excluding the differ
ences in their preferred substrates. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given in 
Appendix A, p. 601.) 

REFERENCES AND SYNONYMY 

Uca (Uca) major (Herbst, 1782) 

Cancer Uka una, Brasiliensis 

Seba, 1758 and 1761: 44; PL 18, Fig. 8. Brazil 
(locality questionable; see above). External anat
omy; habitat; habits. 

Cancer vocans major 

TYPE DESCRIPTION. Herbst, 1782: 83; PL 1, Fig. 11 
(after Seba). Herbst's own material apparently from 
Bahamas. 

Observations and Collections. Trinidad. Venezuela: 
Turiamo (Aragua). 

TYPE MATERIAL AND NOMENCLATURE 

Uca major (Herbst, 1782) 

LECTOTYPE. Fig. in Seba (1761), labeled "Cancer 
Uka una, Brasiliensis" selected by Holthuis (1962) 
as lectotype of species. Brazil as the type-locality is 
in question, since many localities cited by Seba have 
proved to be incorrect; also, the species, except for 
that single record, has not been recorded south or 
east of Cayenne. I agree with Chace & Hobbs (1969: 
214) that "As the identity of the species is not in 
question at the present time, there seems to be no 
justification for designating a neotype, apparently the 
only means by which the type-locality can now be 
corrected." 

Type Material of Ocypoda heterochelos Lamarck, 
1801. Lamarck cited only the figures of Seba and 
Herbst (1782, drawn after Seba), without a descrip
tion, except the phrase "n. Cancer vocans Lin." 

Type Material of Gelasimus platydactylus Milne-
Edwards, 1837. In Museum National d'Histoire 
Naturelle, Paris. Two specimens listed by the mu
seum as "types non specifies." One found, male, 
dried, with the following label: "Gelasimus platy
dactylus Latr. Cayenne." Carapace and major cheli-
ped in good condition, other appendages not. How
ever, there is no question but that this is the specimen 
illustrated by Milne-Edwards, 1852: PL 3, Fig. 2. (!) 

Type of Gelasimus grangeri Desbonne in Schramm, 
1867. In Museum National d'Histoire Naturelle, 
Paris. Listed by the museum as "type non specifie." 
Guadeloupe. Synonymized already by Rathbun 
(1918.1: 381) with heterochelos, the name in turn 
synonymized by Holthuis (1962) with major. Speci
men (female) dried, in poor condition, but recog
nizable as major. (!) 

Ocypoda heterochelos 
Lamarck, 1801: 150. Cayenne. Reference only 

cites figures of Seba and Herbst. 

Cancer Uca (not Cancer vca (uca) Linnaeus, 1767) 
Shaw & Nodder, 1802: Color PL 588 (after Seba), 

with accompanying text, headed "The Uka Crab" 
(Cancer Uca in index). No new material. 

Ocypode heterochelos 
Olivier, 1811: Vol. 8: 417 (part). Brazil. Brief, 

confused taxonomy. 
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Uca una 
Leach, 1814: 430. Refers to Seba and Herbst. 

This reference and date constitute the type descrip
tion of the genus Uca. 

Leach, 1815: 323. Further statement of referral 
of Cancer vocans major as figured by Herbst to Uca 
una. 

Gelasimus platydactylus 

Milne-Edwards, 1837: 51. Cayenne. Type descrip
tion. (Paris !) 

Milne-Edwards, 1852: 144; PL 3, Figs. 2, 2a, 2b. 
No new material. 

Gelasimus grangeri 

Desbonne in Schramm, 1867: 45. Guadeloupe. 
Type description. (Paris !) 

Gelasimus heterocheles 

Kingsley, 1880.1: 137 (part). ? Eastern Mexico; 
Jamaica. Taxonomy. 

Young, 1900: 271 (part). Atlantic localities only. 
Taxonomy. 

Uca heterochela 

Rathbun, 1897.2: 27. Taxonomy, in reference to 
Seba and Herbst. 

Uca heterochelos 

Rathbun, 1918.1: 381; photos. Bahamas, Cuba, 
Jamaica. Taxonomy. 

Rathbun, 1924.1: 156. Panama: Colon. 
Crane, 1957. Venezuela. Preliminary classification 

of waving display. 

Uca major 
Holthuis, 1962: 240, 245, 246. Resurrection of 

Herbst's name. Specimen, not extant, figured by Seba 
selected as lectotype. 

von Hagen, 1967.2. Trinidad. Tape recordings 
secured. (Preliminary statement.) 

Chace & Hobbs, 1969: 213; text fig. Distribution 
in West Indies. 

von Hagen, 1970.1: 224. Distribution in West 
Indies. 

von Hagen, 1970.4; text figs. Trinidad. Adapta
tions to a particular intertidal level. 
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22. UCA {UCA) STYLIFERA (MILNE-EDWARDS, 1852) 

(Tropical eastern Pacific) 

PLATE 20 A-D. MAP 10. 
FIGURES 29 C; 65 E; 99. TABLES 9, 10, 20. 

INTRODUCTION 

When in full display color a male Uca stylifera is one 
of the most striking fiddlers in the world, the shiny 
white of his carapace being set off by an orange and 
yellow cheliped and bright purple legs. The yellow 
phase that precedes the white seems to human eyes 
no less notable. This large species, although uncom
mon, would be a convenient subject for experimental 
work on color changes and their relation, if any, to 
social behavior. 

Comments on styles will be found on p. 455. 
Uca stylifera and heteropleura appear to be so 

closely related and are so closely sympatric that they 
are here considered to form an alliance. Two prob
able species barriers exist in the forms of the gono-
pod and the movements and timing of waving dis
play. It must, however, be kept in mind that another 
member of the same subgenus, prineeps, shows two 
different forms of display, apparently depending on 
the size of the crab (pp. 128, 130). 

M O R P H O L O G Y 

Diagnosis 
Differs from U. heteropleura most distinctly as fol
lows. Major pollex faintly pitted. Ocular style always 
present, in adults usually as long as peduncle. Sub
orbital crenellations near center little wider than 
those near outer angle in male. Gonopod tip slender, 
without anterior projection at base of projecting tube. 
Female with gonopore strongly curved or medially 
angular; setae on chela margins short and few. 

Description 

With the characteristics of the subgenus (p. 125). 
Differs as follows from heteropleura. 

MALE 

Carapace. Dorso-lateral margin in larger specimens 
anteriorly weak to absent, with the granules small and 
widely spaced; more posteriorly the margin always 
persists while the granules are larger and more close
ly set; in the largest specimens the margin is confined 
to the area close to the posterior border, is well ele

vated and surmounted with close-set granules en
larged to a size now better termed tubercles. Central 
suborbital crenellations less broad than in hetero
pleura, while the outer ones, although narrow tuber
cles widely set, are not so contrastingly small and 
sharp as in heteropleura. Almost always without 
tubercles on lower side of antero-lateral angle above 
external orbital channel, although adjacent part of 
lower margin of angle flares outward. 

Ocular Styles. Present on all males, usually longer 
than peduncle in adults, sometimes with soft, flat 
expansions near tip; von Hagen (1968) reports some 
with short styles in his Peruvian material. 

Major Cheliped. Ischium with a ventral tubercle. 
Merus with a low crest, weakly serrate to smooth, on 
antero-dorsal margin, not a flattened tooth or very 
short crest as in heteropleura; instead, in stylifera the 
crest runs throughout the segment's length, but prox-
imally is merely a low ridge; it then increases gradual
ly to attain moderate height near distal end; postero-
dorsal surface of merus almost smooth. Outer manus 
with tubercles not specially enlarged near pollex base. 
Palm with oblique ridge continuing around anterior 
margin of carpal cavity; 2 to 5 submarginal tubercles 
below dorsal margin, near anterior end of carpal 
cavity, relatively smaller than in heteropleura. Pollex 
moderately deep in comparison with most hetero
pleura, its outer side punctate in at least proximal 
half; rest of its outer surface, as well as that of dactyl, 
finely granulate except, in large specimens, for indis
tinct rugosities on pollex and, in all, for the usual 
proximal tubercles on upper dactyl. Middle row of 
tubercles on pollex gape with a large, triangular 
tooth, sometimes tuberculate, near middle or slightly 
proximal to a smaller, enlarged tooth on dactyl—not, 
as in the corresponding structure in heteropleura, dis
tal to it; subdistal margins of gape not clearly con
cave. Occasional variations in both species however 
make these distinctions on the gape unsuitable for a 
key or diagnosis. 

Ambulatories. 2nd and 3rd meri more expanded than 
in heteropleura, but with their armature slightly 
weaker. 

i 
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Gonopod. No trace of anterior projection. Distal part 
of tube projecting farther and with its torsion greater 
than in heteropleura. 

FEMALE 

Suborbital crenellations, unlike those of male, be
come smaller toward outer angle, somewhat as in 
heteropleura but usually less abruptly; in any case in 
this sex they are not a good distinguishing character 
between the two species. Setae on chela short and 
scanty in comparison with those in heteropleura, 
those on upper margin of dactyl shorter than dactyl's 
breadth. Gonopore more strongly curved than in 
heteropleura, its margin's central portion angular in 
larger specimens. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male (Corinto) 
(claw broken) 

Large male (Corinto) 
Male (largest claw) 

(Golfito) 
Largest female 

(Golfito) 
Ovigerous female 

(Golfito) 

17.5 
16.0 

15.0 

14.0 

12.5 

29.0 
24.5 

23.5 

23.0 

20.0 

Morphological Comparison and Comment 

In U. stylijera alone do all the males except the 
youngest have well developed styles; in adults they 
are longer than in any other member of the subgenus. 
The species shares only with heteropleura the diver
gent sides of the frontal groove. Finally, it shares only 
with maracoani and ornata the pitting on the major 
pollex; in stylijera, however, these minute depressions 
are faint. 

Color 

Displaying males: Display whitening fully developed 
on carapace, including its lateral and anterior aspects; 
white does not extend to the appendages, except for 
several small areas; the exception to white on the 
carapace is a purple band bordering its posterior 
edge. White phase preceded seasonally, daily, or both 
by clear yellow, at least in Puerto Bolivar, Ecuador, 
and in Panama City, Panama. Major cheliped: outer 
merus and carpus orange yellow; manus orange or, 
rarely, rose pink, its tubercles white and with white 
near upper margin; outer pollex orange; outer dactyl 
white. Inner merus, carpus, upper palm, and dactyl 
pale yellow to pale orange; lower palm and inner 
pollex orange. Eyestalks and eyes greenish yellow; 
styles yellow. Minor cheliped yellow except for or

ange tips for chela. Ambulatories pinkish violet to 
bright purple except as follows: first 3 legs on major 
side with anterior merus often orange; that of first 2 
on minor side often white. 

Females dull, the carapace purplish gray to gray
ish white; chelipeds largely white; ambulatories dark 
purple. 

SOCIAL BEHAVIOR 

Waving Display 

(No films secured) 

Wave lateral, apparently chiefly straight with little or 
no circularity. Jerks absent. At beginning of a series 
merus and carpus are raised and extended straight 
out at side, the manus and chela being unflexed for
ward from them at right angles and the whole cheli
ped held clear of the ground; this is the lowest posi
tion attained in the course of a single series. From 
here, manus and chela are raised slowly in a motion 
of narrow amplitude and promptly returned to the 
lower position. During waving the dactyl is slightly 
raised, parallel to pollex, and the minor cheliped 
sometimes makes a synchronous motion. The body is 
held fairly high throughout a series, although during 
a wave the crab sometimes stretches the first 2 pairs 
of ambulatories so that anterior part of carapace is 
tilted up with them while posterior portion is lowered 
on the bending of the last 2 pairs of legs. This see
saw motion is sometimes suddenly inserted in the 
midst of a series, or all waves in a series may include 
the motion. The ambulatories are kept on the ground 
except to make several steps in any direction during 
a wave and during high intensity courtship to raise 
and lower one middle leg on each side, not necessar
ily the corresponding leg, simultaneously; in the suc
ceeding waves the members of the 2 pairs of middle 
legs alternate with one another, not in a wholly regu
lar fashion. Display is at the rate of about 1 wave 
every three-fourths second; waves are repeated with
out pause to a total of 30 to 50 in a series. Pauses 
between series may be as short as 5 seconds. (Com
ponent nos. 3, 4, 9, modified 11.) 

Precopulatory Behavior 

Males and females come inshore from the mudflats 
to muddy sand beaches to display and court. Appar
ent copulation, preceded by high intensity display 
and by stroking of the female, was seen once at the 
surface. Although numerous high intensity displays 
directed toward apparently attentive females were 
observed, only one female followed a male down his 
burrow. Further details are given in the general dis
cussion of precopulatory behavior, p. 504. 
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R A N G E 

Tropical eastern Pacific from Pacific coast of El Sal
vador to northern Peru. 

BlOTOPES 

As in heteropleura (p. 135). Sometimes closer to 
low-tide levels. 

S Y M P A T R I C A S S O C I A T E S 

As in heteropleura (p. 135). 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given in 
Appendix A, p. 601.) 

Observations and Collections. Nicaragua: Corinto; 
Costa Rica: Golfito. Canal Zone and Panama: Bal
boa and Panama City. Ecuador: Puerto Bolivar. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca stylifera (Milne-Edwards, 1852) 

LECTOTYPE. In Museum National d'Histoire Natu-

REFERENCES AND SYNONYMY 

Uca (Uca) stylifera (Milne-Edwards, 1852) 

Gelasime platydactyle 

Milne-Edwards, 1836: PI. 18, Fig. la (not Gela-
simus platydactylus Milne-Edwards, 1837). 

Gelasimus styliferus 

TYPE DESCRIPTION. Milne-Edwards, 1852: 145; PI. 
3, Figs. 3, 3a. Ecuador: Guayaquil. (Paris !) 

Smith, 1870: 118. No new material. 
Kingsley, 1880.1: 139. No new material. Brief 

taxonomy. 

Gelasimus heterophthalmus 

Smith, 1870: 116; PI. 2, Figs. 6, 6a; PL 3, Figs. 
1-lb. Gulf of Fonseca. Type description. (MCZ !) 

Smith, 1871: 91. No new material. 
Lockington, 1877: 147. No new material. 
Kingsley, 1880.1: 139. No new material. Brief 

taxonomy. 

Gelasimus sp. 

Smith, 1870: 126; PI. 2, Fig. 8. Nicaragua: Co
rinto. (2 females, MCZ !) 

relle, Paris. Listed by the museum as one of two 
"types non specifies." One specimen found, male, 
dried, with the following label: "Gelasimus styliferus 
M. Edw. M. Th. Bell. Guayaquil." Also has "Guaya
quil" written on major dactyl. Designated here as 
lectotype. Measurements in mm: length 20; breadth 
34; propodus 50.5; dactyl 35. Eyestalk on major side 
missing, as well as minor cheliped, 1st left ambula
tory, 3rd right, and dactyl of 4th right. Otherwise in 
good condition. Milne-Edwards' illustration (1852, 
PI. 3, Fig. 3a) shows a short style and mentions "un 
petit stylet" in his description (p. 144); his drawing 
of the major cheliped unmistakably depicts stylifera, 
not heteropleura, and shows well the characteristics 
of the type. Specimen not relaxed for gonopod exam
ination, there being no confusion apparent in speci
men, locality, or name. (!) 

Type Material of Gelasimus heterophthalmus Smith, 
1870. In Museum of Comparative Zoology, Harvard 
University, Cambridge, Massachusetts. 4 male co-
types from the Gulf of Fonseca. Already synony-
mized by Rathbun (1918.1) with stylifera; I agree. 
(0 

Uca platydactyla var. stylifera 
Ortmann, 1897: 347 (part). No new material. 

Uca stylifera 

Rathbun, 1918.1: 383; photos. Costa Rica: Pun-
tarenas. Taxonomy. 

Pesta, 1931: 180. Costa Rica. 
Crane, 1941.1: 171. Nicaragua; Costa Rica; 

Panama. Taxonomy; color; waving display; copula
tion; habitat. 

Crane, 1944. Panama; Ecuador. Color change in 
the field. 

Holthuis, 1954: 162. No new material. 
Crane, 1957. Panama; Ecuador. Preliminary clas

sification of waving display. 
Bott, 1954: 159; Text Fig. 3 (gonopod); PL 15, 

Fig. 3a-b (photos). (One specimen listed, Frank
furt cat. no. 1884, referred to U. heteropleura by 
von Hagen, 1968.2. Illustrated specimens are char
acteristic examples of stylifera.) El Salvador: Alcadia 
de Triunfo. Taxonomy. 

Altevogt & Altevogt, 1957: E 1268. Film of wav
ing display. 

von Hagen, 1968.2: 433; text figs, (style; gono
pod). Peru: Puerto Pizarro. Taxonomy; color; habi
tat. 

Altevogt, 1969.1: 238; text figs. Peru. Behavior 
and gonopod structure as isolating mechanisms. 
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23. UCA (UCA) MARACOANI (LATREILLE, 1802-1803) 

(Tropical western Atlantic and tropical eastern Pacific) 

PLATES 21 A-D; 44 B; 45 B. MAP 9. 

FIGURES 28; 33 A-FF; 36 C; 37 G; 34 B; 53 ,4, B; TABLES 4, 9, 10, 12, 14, 19, 20. 

55; 56 D; 60 F, G; 65 B; 78; 79; 80; 81 H; 
82 C; 83 C; 84; 88; 89; 94; 99. 

INTRODUCTION 

Uca maracoani and a related species, ornata, are both 
notable for large size and a heavy claw with broad, 
flat fingers. Their displays are equally unusual. At 
high intensity the great claw is lifted above the body 
and balanced high overhead, the divergent fingers 
pointing toward the sky; then, while the whole cum
bersome appendage revolves, the chela describes 
wide circles for long seconds at a time. 

It is interesting that two other, less specialized 
members of the subgenus, princeps and stylifera, in 
their high intensity display closely resemble the low 
intensity simplicity of the more specialized ornata 
and maracoani. 

In Trinidad the behavioral phases leading to wav
ing display and courtship in maracoani were worked 
out in the crabberies, following field observations on 
this and other species (p. 505). 

A very similar Pacific form, previously known 
with some confusion as Uca insignis, is treated here 
as a subspecies of maracoani, a species name hitherto 
restricted by taxonomists to the Atlantic form. 

M O R P H O L O G Y 

Diagnosis 

Members of the narrow-fronted subgenus Uca with 
both fingers of the major cheliped strikingly deep 
and compressed; pollex conspicuously pitted, dactyl 
deeper than pollex, its upper border strongly arched; 
antero-dorsal margin of merus with separated, large 
tubercles or blunt spines. No large, separated tuber
cles on dorso-lateral margin of carapace in male, ex
cept for a single one at posterior end. Gonopod tip 
with tube not produced; inner process tumid and ex
tending to pore; no anterior process. Female with 
vertical lateral margin of carapace strong and either 
granulate or tuberculate; posterior margin of cara
pace without a row of conspicuous tubercles; surface 
of carapace moderately rough (Atlantic) to almost 
smooth (Pacific); suborbital crenellations distinct 
near outer angle; gonopore with a large, outer tuber
cle surrounded on three sides by a deep depression; 

a patch of pile covering posterior part of carapace 
sides present (Pacific) or absent (Atlantic). See also 
Table 4, p. 638. 

Description 

With the characteristics of the subgenus. 

MALE 

Carapace. Branchial and pterygostomian regions 
with branching, vein-like striae present or absent. 
Frontal groove very narrow as in princeps and major, 
its raised lateral margins parallel and almost contig
uous. Eyebrows, as characteristic of the subgenus, 
not provided with lower margins, but in maracoani 
the orbits' prominent upper margins run behind the 
most anterior extensions of the carapace, so that the 
smooth ceilings of the orbits appear to be rolled back; 
antero-lateral angles always acute and moderately 
produced; antero-lateral margins short but definite, 
granulate or tuberculate, straight, and curving in 
more abruptly than usual in the subgenus on both 
sides to continue as the dorso-lateral margins. These 
dorso-lateral margins range from distinct and granu
late, rarely with several enlarged granules or small 
tubercles along their length, to obsolescent or absent; 
never with long, blunt, spinous tubercles along the 
margin itself, although such a tubercle sometimes 
occurs close to its anterior end while a large tubercle 
of variable shape, sometimes more or less compound, 
always ends the marginal area close to postero-lateral 
edge of carapace, even in specimens where the mar
gin itself is obsolescent or absent. Vertical lateral 
margins beaded or granulate and usually extending 
almost or entirely to antero-lateral margins. Sub
orbital crenellations usually large, their form highly 
variable but with their edges, regardless of breadth, 
usually more or less curved, sometimes truncate; 
center of margin sometimes entire; in large specimens 
crenellations near outer angle always distinct, re
gardless of size, not more or less fused. No tubercles 
underneath base of antero-lateral angle above exter
nal orbital channel; entire lower margins of antero
lateral angles smooth. 
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Ocular Styles. Absent, except rarely, in young m. 
maracoani, where they are about as long as cornea. 
No young specimens of m. insignis available for ex
amination. 

Major Cheliped. Ischium with a ventral tubercle. 
Merus with a row of well-separated tubercles or blunt 
spines numbering from 5 to 9, running entire length 
of antero-dorsal margin and largest distally, where 
they clearly surmount a small crest. Dorsal margin 
of carpus tuberculate only proximally. Manus ex
tremely short, broader (higher) than long; entire 
outer surface thickly covered with tubercles, well-
separated, large, and semi-spherical or bluntly 
pointed; below dorsal margin they are sometimes 
aligned in several obliquely vertical rows below the 
usual, submarginal, smooth space which is not in this 
species a groove; dorsal margin with a single row of 
blunt tubercles, one of which, usually the most dis
tal, is large and outstanding; none of them however 
is directed inward toward palm and no additional 
tubercles arise from submarginal surface of palm it
self. Palm with oblique ridge strong to obsolescent, 
continued by a row of low, flat tubercles, sometimes 
obsolescent, along anterior margin of carpal cavity; 
predactyl ridge broad and high with tubercles usually 
irregular and unusually variable. Dactyl and pollex 
attaining more than three times length of manus, both 
fingers being broad, strongly compressed, and nar
rower proximally than near middle; dactyl much 
wider than pollex in middle and subdistal portion, the 
dorsal margin being highly arched; dorsal margin of 
dactyl and ventral of pollex bent slightly inward, the 
inner surface of each being in addition concave; final
ly, near distal end the pollex curves outward. Also 
involved in these complex bendings of the chela are 
the prehensile edges: the narrow gape is present 
proximally only, formed by a slight, proximal con
cavity at least in the pollex; in the Pacific form, m. 
insignis, the proximal prehensile edge of the dactyl 
also is concave or, at least, slants downward from 
the dactyl's base; in their distal two-thirds the pre
hensile edge of dactyl overlaps that of pollex exter
nally as far as chela tip; there the fingers can hook 
firmly together through small, pointed, curved, termi
nal teeth, that of pollex then falling outside the dac
tyl's. Pollex with outer surface punctate except proxi
mally where are continued the tubercles of the 
manus, and except on its submarginal area below 
prehensile edge which is covered with very small 
tubercles and granules. Dactyl with outer surface en
tirely covered with similar fine armature or else 
smooth, depending on the subspecies, except for 
small tubercles which are always present proximally. 
Pollex with supramarginal tuberculate ridge arising 
only near distal end of manus, marked there by a 
row of well-separated tubercles and on pollex by 

small, close-set tubercles separated from marginal 
row only by a narrow, smooth strip which dies out 
distally as the two rows become contiguous; a nar
row groove adjoins dorsal side of supramarginal row 
only. Pile, never dense, usually distinguishable in this 
groove as well as in the punctae and, often, among 
tubercles of outer manus. Tuberculation of lower and 
upper margins of pollex and dactyl, respectively, 
weak to obsolescent in distal halves. Dactyl without 
traces of proximal grooves, either inside or out. Pre
hensile edge of pollex with median row having a 
large, triangular crest, edged with flat tubercles, 
slightly proximal to middle; sides of crest finely tuber
culate and granulate. Dactyl with median row absent 
except proximally, where it lies close to outer row; 
outer row with a slightly enlarged tooth opposite tri
angular crest of pollex; inner row absent proximally 
as usual, or represented by clustered granules or small 
tubercles; in contrast to heteropleura and its relations, 
the most proximal regular tubercle of inner row is 
not enlarged but merely forms the first of a well-
developed series that usually do not diminish in size 
until about middle of prehensile edge. 

Minor Cheliped. Merus with postero-ventral margin 
usually with a few large widely spaced tubercles, re
duced in some individuals to one or two, rarely 
absent. 

Ambulatories. Armature of merus notably weak, ex
cept for presence in some individuals of a few wide-
spaced, short tubercles on postero-ventral margins of 
lst-3rd legs; their occurrence is highly variable even 
within populations and on the two sides of the same 
crab; serrations of dorsal margins more or less con
cealed in pile; posterior surfaces slightly and variably 
rugose; they show little tendency to parallel arrange
ment, and the sparse spinules only occasionally arise 
from them. Dorsal surface of carpus densely pilous. 

Gonopod. Inner process tumid, extending to pore; 
latter at end of tube which along with anterior flange 
is strongly bent and somewhat twisted; flange long 
and narrow, extending beyond pore; posterior flange 
absent. Thumb absent. Anterior projection absent. 

FEMALE 

Vein-like striae on carapace present or absent; 
dorsal surface scarcely to moderately rough with 
tubercles and small granules except on cardiac region 
and, usually, gastric and intestinal regions at least 
near midline; their occurrence is however very varia
ble within populations and in the only two specimens 
seen (including the type) of the Pacific subspecies 
the surface is smoother than in any of the numerous 
Atlantic examples. Dorso-lateral margin armed with 
tubercles, small and close set (Atlantic) or larger 
and separated (Pacific), the most posterior being 
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slightly enlarged. Posterior margin of carapace never 
with large, close-set, rounded tubercles. Vertical lat
eral margin strong throughout, armed with granules 
(Atlantic) or separated tubercles (Pacific) and bor
dered with pile. Posterior sides of carapace covered 
with pile (Pacific) or not (Atlantic). Setae of chela 
moderately long, close-set, forming distinct fringes 
when not abraded. Last ambulatory with pile at least 
subdorsally on posterior merus and sometimes also 
above its postero-ventral margin which has long 
tubercles present (Pacific) or absent (Atlantic); a 
long tubercle also present on ischium. Gonopore with 
a large, outer tubercle overhanging a steep-sided de
pression that surrounds it on three sides—anteriorly, 
internally, and posteriorly. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Uca maracoani m. 
Largest male 

(Georgetown) 
Male (largest claw) 

(Brazil) 
Moderate male 

(Georgetown) 
Largest female 

(ovigerous) (Brazil) 
Smallest ovigerous female 

(Georgetown) 
Jca maracoani insignis 
Largest male (Ecuador) 
Female (Ecuador) 

25.0 

23.5 

21.5 

23.5 

18.5 

31.5 
28.0 

42.5 

34.0 

32.0 

33.0 

26.5 

46.5 
36.5 

66.0 

68.0 

50.0 

-

-

94.0 
-

51.0 

53.0 

39.5 

-

-

77.0 
-

Morphological Comparison and Comment 

In the subgenus Uca, maracoani is unique in the 
strong development of large tubercles or blunt spines 
on the antero-dorsal margin of the major merus. It 
shares only with ornata the extreme breadth and 
characteristic shape of the major pollex and dactyl, 
combined with a short manus; a comparable exag
geration is approached but not nearly attained by 
princeps monilijera. U. maracoani also shares with 
ornata the presence of conspicuous pits on the pol
lex; similar but less-developed pitting is present in 
stylifera and is strongly present in the West African 
species, (Afruca) tangeri. 

The differences between the Atlantic and Pacific 
forms here discussed under the species heading mara
coani are trivial in comparison with differences 
among other species in the subgenus. They are there
fore regarded as subspecies, U. m. maracoani in the 
Atlantic, and U. maracoani insignis in the Pacific. 
The subspecies are compared with each other and 
with the closely related species, ornata, in Table 4. 
The other Uca with forms in the two oceans that 
are considered subspecies rather than species are 
(Boboruca) thayeri and (Minuca) vocator. 

From an evolutionary point of view it is interest
ing that the female of m. insignis shares the strong 
armature of carapace margins and ambulatory meri 
with ornata but the form of the gonopore with m. 
maracoani. The ranges of m. insignis and ornata 
coincide. 

Color 

Displaying males: Display whitening absent. Cara
pace grayish purple; anterior margins of eyebrows 
sometimes orange. Major cheliped brown to gray ex
cept as follows: outer manus and pollex tinged with 
orange or dull rufous, rarely brighter red orange; dac
tyl outside and inside pale, tinged with purplish or 
orange. Pterygostomian and adjacent regions some
times purple. Minor cheliped and ambulatories dark 
to dull orange. Even at height of display the crabs 
remain partly coated with mud. 

SOCIAL BEHAVIOR 

Waving Display 

U. m. maracoani: Wave at low intensities lateral-
straight, the cheliped being unflexed obliquely up and 
out, then returned directly to position, without pause 
and without circling. At high intensity the wave is 
wholly circular, although in a form snared only by 
m. insignis and ornata, the cheliped being lifted above 
the body, the fingers pointed upward, and repeated 
circles described in the air, the figure being flat and 
parallel to the ground, instead of the obliquely ver
tical circles usual in lateral circular waves. In the 
remaining characteristics, low and high intensity dis
plays are similar: major dactyl is held widely sepa
rated from pollex throughout; minor cheliped makes 
a synchronous motion with every wave; body is held 
high off ground on extended ambulatories throughout 
a series; one or more ambulatories on each side are 
meanwhile lifted in typical leg waves, perhaps aiding 
in balance. During display the crab also often makes 
a few steps from side to side. Waving at low intensity 
is at the rate of about 1 wave every several seconds; 
at high each wave is completed in about 1.0 to 1.5 
seconds. (Component nos. 4, 8, 9, 11, 12; timing 
elements in Table 19, p. 656.) 

U. m. insignis: Similar, but not known in detail. 

Precopulatory Behavior 

Male attracts female to mouth of his own burrow and 
follows her underground. In none of the frequent ex
amples seen where males covered females briefly at 
the surface did actual copulation take place. Either 
the abdominal flaps of one or both crabs were clearly 
not extended, or the crabs never reached copulatory 
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position. In each of these cases an aggressive wan
derer was making the unsuccessful overtures. (Ob
servation on m. maracoani only.) 

Acoustic Behavior 

Leg-stamps seen repeatedly in the field and filmed 
(component no. 11). Leg-wags (component no. 5) 
occurred once following a combat; they were per
formed by both crabs. Sounds were recorded in the 
laboratory in response to intruders introduced in 
burrows, but their origin remains unknown. (Ob
servations on m. maracoani only.) In 1967.2 von 
Hagen reported that he also made sound recordings 
in Trinidad. 

Combat 

Only the manus rub (component no. 1) has been 
filmed of the ritualized components. Irregular force
ful combat, once ending in a complete upset of one 
opponent, was observed and filmed. Each time it was 
preceded, as in tangeri, ornata, inaequalis, and 
sometimes pugilator, by down-points (threat com
ponent no. 2) , from which position the chelae en
gaged. Dactyl-hooks also accompanied combat, the 
dactyls of the 1st or 1st and 2nd legs of one crab 
bending and hooking behind the corresponding dac
tyl of the opponent. It is not known whether this 
action, found also in ornata, tends to throw the other 
crab off balance, or whether the armatures on these 
segments are engaged in stridulation. (Observations 
on m. maracoani only.) 

R A N G E 

Western Atlantic from Venezuela and Trinidad to 
Brazil (Estado Sao Paulo). Single West Indian rec
ords from Jamaica (Sloane) and Santo Domingo 
(specimen in AMNH). Eastern Pacific from El Sal
vador to northern Peru; possibly formerly known 
from Chile (p. 147). 

BlOTOPE 

In Atlantic always near low-tide levels on muddy 
substrates, close to mangroves. The flats may be 
along edges of bays with gentle tides, on flats inside 
the more marine portions of mangrove estuaries, or 
on flat banks near mouths of streams (biotope nos. 
8, 9, 12); in Pacific on salt fiats at higher levels, the 
substrate being sandy mud. (Biotope no. 11.) 

S Y M P A T R I C A S S O C I A T E S 

Apparently not typically mingling with major, the 
other Atlantic member of the subgenus Uca (p. 

136). Often (Boboruca) thayeri and (Celuca) cumu-
lanta occupy adjacent patches of mud, usually at 
slightly higher levels, or slightly farther inshore. In 
the Pacific found with (£/.) ornata (von Hagen); 
the few I collected (Ecuador) were farther inland 
than others of the subgenus Uca, among (Minuca) 
vocator ecuadoriensis. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens is given in Appendix 
A, p. 601.) 

Observations and Collections. U. maracoani m.\ 
Trinidad: Port of Spain. Eastern Venezuela: Peder-
nales. Guyana: Georgetown and vicinity. Brazil: Sao 
Salvador. U. maracoani insignis: Ecuador: Puerto 
Bolivar. 

Film. Trinidad. Ecuador: Puerto Bolivar. 

Sound Recordings. Trinidad. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca maracoani (Latreille, 1802-1803) 

LECTOTYPE. In Museum National d'Histoire Natu-
relle, Paris. Listed by the museum as a "type non 
specifie" and believed (1959) by D. Guinot (personal 
communication) to be, along with 3 other males, 
Latreille's original specimens. These specimens, dried 
but in good condition, were in two boxes, each con
taining two specimens, with identical labels, as fol
lows: "Gelasimus maracoani Margr. M. Leprieur. 
Cayenne." Milne-Edwards (1837) first listed their 
habitat as Cayenne, and his usual note, " ( C M . ) , " 
indicates that at that time they were in the collec
tions of the museum. The specimen selected by 
J. Crane as lectotype is the only one in almost per
fect condition, it being marred only by a slightly dam
aged carapace but with all characters, except the 
concealed gonopods, clearly characteristic of the At
lantic subspecies. Not relaxed. Measurements in mm: 
length 27; breadth 39; propodus 73; dactyl 58. (!) 

Marcgrave's (1648) original specimens presuma
bly came from Brazil; Latreille (1802-1803) gave 
the type-locality as "Le continent de I'Amerique 
Meridionale." Since Latreille, through his use of a 
post-Linnaean binomial, stands as the author of the 
species, and since the material in the Paris museum 
appears to be authentically his, it has seemed appro
priate to designate the lectotype as described, with 
Cayenne as the type-locality. 

Uca maracoani insignis (Milne-Edwards, 1852) 

HOLOTYPE. In Museum National d'Histoire Naturelle, 
Paris. Listed by the museum as a "type non specifie." 
Apparently the unique female, and therefore auto-
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matic holotype, described by Milne-Edwards. The il
lustrations accompanying his 1854 paper are char
acteristic, as is the specimen, of U. m. insignis and 
not of U. ornata, the very similar sympatric species. 
The label is as follows: "Acanthoplax insignis Edw. 
M. Gay Chili." Measurements in mm: length 24; 
breadth 31. Spines on both sides of carapace well 
developed, 8 on left dorso-lateral margin, 9 on right; 
dorsal surface of carapace only slightly roughened, 
in comparison with that of ornata. Vertical lateral 
margin with a series of well-developed, small spines 
and tubercles diminishing in size ventrally, one of 
the best diagnostic characters for females of this sub
species. 2 to 4 spines along posterior margins of all 
ambulatories. Specimen dried; not relaxed. "Chili" 
almost certainly erroneous as the type-locality (see 
p. 438). (!) 

Type of Gelasimus armatus Smith, 1870. In Museum 
of Comparative Zoology, Harvard College, Cam
bridge, Massachusetts. One male, cat. no. 5816. 
Characteristic of m. insignis, not ornata. Measure
ments in mm: length 25.2; breadth 35.5; propodus 
60; dactyl 45.6 (Smith). Gulf of Fonseca, Salvador. 
Collected by J. A. McNiel. Received from Peabody 
Academy of Sciences November, 1885. (!) 

Uca (Uca) maracoani maracoani 
(Latreille, 1802-1803) 
(Tropical western Atlantic) 

MORPHOLOGY 

With the characteristics of the species. 

MALE 

Carapace. Vein-like striae of branchial and pterygos-
tomian regions present or absent. Dorso-lateral mar
gins always clearly marked by ridges with close-set 
granules; they are best developed in specimens from 
Guyana, where they are not only slightly larger than 
elsewhere but usually interspersed anteriorly on ma
jor side with still larger structures that may be called 
small tubercles; in all specimens throughout the sub
species range the margins on both sides near posterior 
angle of carapace end in a single, relatively large 
tubercle the apex of which is sometimes incised to 
form two or three beads. 

Major Cheliped. Tubercles of outer manus somewhat 
more thickly set than in m. insignis. Palm with 
oblique ridge not tending to obsolescence. Dactyl 
with lower margin not slanting or excavate proxi-
mally; outer surface finely tuberculate. 

Ambulatories. Meri with the slight rugosities of pos
terior surfaces, when present, not confined to sub
dorsal regions. 

Gonopod. Differs from that of m. insignis chiefly in 
the slightly more tumid inner process; anterior flange 
bent slightly less, its torsion beginning more distally, 
and its tip scarcely projecting beyond pore. 

FEMALE 

Tubercles of dorso-lateral margin small and close 
set, with pile on each side of margin. No patch of 
pile posteriorly on carapace; vertical lateral margin 
armed with close-set granules; pile present or absent 
on merus of 4th ambulatory supramarginally along 
postero-ventral margin; no long, separated tubercles 
on postero-ventral margins of ambulatories. 

Uca {Uca) maracoani insignis 
(Milne-Edwards, 1852) 
(Tropical eastern Pacific) 

MORPHOLOGY 

With the characteristics of the species. 

MALE 

Carapace. Vein-like striae on branchial and pterygos-
tomian regions always present. Dorso-lateral margins 
faint or absent, never with more than one tubercle 
anteriorly, always large and spinous, and with an
other close to postero-lateral margin of carapace; the 
anterior tubercle is sometimes absent and there are 
no traces of other tubercles along the path of the 
margin before the posterior tubercle which is always 
present and is never incised at the apex to form two 
or three beads. 

Major Cheliped. Tuberculation of outer manus some
what sparser than in m. maracoani, but variable, 
tending toward that of ornata. Palm with oblique 
ridge tending to obsolescence, especially in large 
specimens, more than in either m. maracoani or 
ornata. Dactyl with its lower margin proximally nota
bly sloping or concave; outer surface sometimes as 
smooth as in ornata, although without traces of the 
vermiculations or punctae found in that species, and 
sometimes finely tuberculate as in m. maracoani. 

Ambulatories. As in m. maracoani, except that rugos
ities on posterior sides of meri are practically absent; 
when indicated they are in the subdorsal area only, 
as in ornata. 

Gonopod. As in m. maracoani, with these minor ex
ceptions: inner process slightly less tumid; anterior 
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flange bent slightly more than in some m. maracoani; 
additionally its torsion begins more proximally and 
its tip projects slightly farther beyond pore. 

FEMALE 

(From a single female, from Ecuador, which 
agrees with von Hagen's [1968] description.) 

Vein-like striae of branchial and pterygostomian 
regions present. Carapace scarcely roughened with 

REFERENCES AND SYNONYMY 

Uca (Uca) maracoani 
(Latreille, 1802-1803) 

TYPE DESCRIPTION. See under U. (£/.) maracoani 
maracoani, below. 

U. (U.) maracoani maracoani 

(Latrei l le , 1802-1803) 

Maracoani 

Marcgrave de Liebstad, 1648: 184; text fig. Brazil. 
Description; including color. 

? Cancer palustris cuniculos sub terra agens 

Sloane, 1725: 260. Jamaica: "by Passage-Fort." 
Gives "Maracoani. Margr. p. 184 ed. 1648" as refer
ence, followed by: "This crab agrees in everything 
to the Description of Marcgrave." Habitat in marshes 
and among mangroves. (See p. 324.) 

Ocypode maracoani 

TYPE DESCRIPTION. Latreille, 1802-1803: 46. Cay
enne. (Paris !) 

Gelasimus maracoani 

Latreille, 1817.2: 519. No new material. New 
genus, Gelasimus. (See p. 20.) 

Desmarest, 1825: 123. Apparently no new mate
rial. Taxonomy. 

Milne-Edwards, 1852: 144; PI. 3, Figs. 1, la, lb. 
Taxonomy. 

Dana, 1852: 318. Brazil: Rio de Janeiro. Taxon
omy. 

Smith, 1869.1: 35 (part). Brazil. 
Brocchi, 1875: 73; text fig. of gonopod (no mor

phological details shown). 
Kingsley, 1880.1: 136 (part). Western Atlantic 

material only, including that from Bahia, Brazil. 
Cano, 1889: 92, 231. Brazil: Pernambuco. 
Ortmann, 1894.2: 756. "Antillen"; Surinam. 
Aurivillius, 1893: 35. Brazil. Description of am

phibious characteristics. 

tubercles and granules; tubercles of dorso-lateral 
margins moderately large and separated, about as in 
most females of U. ornata; vertical lateral margin 
armed with similar, but slightly smaller, separated 
tubercles; a large area of pile on sides of carapace 
near posterior margin; merus of last ambulatory with
out pile above its postero-ventral margin; long, spi
nous, blunt tubercles present on postero-ventral mar
gins of all ambulatories. 

Young, 1900: 270 (part); text fig. Western At
lantic material only. Taxonomy. 

Gelasima Maracoani 

Latreille, 1818: 3 (consists only of caption); PI. 
296, Fig. 1. (Not PL 275, nor its caption on p. 1 
erroneously applied to PI. 274; PI. 275 is, instead, 
a copy of Seba's illustration of the form now referred 
to U. major.) 

Gonoplax maracoani 

Lamarck, 1818: 254. "Habite l'Amerique meri-
dionale." Brief Latin diagnosis. Common name: 
"Rhombille maracoan." 

Uca maracoani 

Rathbun, 1900.3: 134. Brazil: Natal; Rio Para-
hybo do Norte at Cabedello. 

Moreira, 1901: 52. Brazil: northern part and Rio 
de Janeiro. 

Rathbun, 1918.1: 378. Photos. Cayenne. Brazil: 
Maranhao, Natal, Plataforma, Porto Seguro. Tax
onomy. 

Oliveira, 1939.1: 123. Brazil: Rio de Janeiro. 
Taxonomy; color; habitat. 

Crane, 1943.2: 35; text fig. Venezuela. Taxon
omy; waving display; habitat. 

Crane, 1957. Western Atlantic. Preliminary clas
sification of waving display. 

Crane, 1958. Trinidad. Social behavior. 
Gerlach, 1958.1: 672. Brazil: Estado Sao Paulo 

(near Cananeia: Rio Pereque). Ecology. 
Holthuis, 1959.2: 260. Surinam. Taxonomy. 
Guinot-Dumortier, 1959: 515; Text Fig. 17a, b. 

French Guiana: Cayenne. 
Barnwell, 1963; text figs. Brazil. Endogenous daily 

and tidal rhythms of melanophore and motor activity. 
von Hagen, 1967.2. Trinidad. Tape recordings 

secured. (Preliminary statement.) 
von Hagen, 1970.1. Distribution in West Indies. 
von Hagen, 1970.4; text figs. Trinidad. Adapta

tions to a particular intertidal level. 
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Uca (Uca) maracoani insignis 
(Milne-Edwards, 1852) 

Acanthoplax insignis 

TYPE DESCRIPTION. Milne-Edwards, 1852: 151. 
Chili. (Paris !) 

Milne-Edwards, 1854: 162; PI. 11, Figs. 1, la, lb. 
Further description of the type. 

Gelasimus armatus 

Smith, 1870: 123; PL 2, Fig. 5; PL 3, Figs. 4, 4a, 
4b, 4c. Gulf of Fonseca. Type description. (MCZ !) 

Smith, 1871: 91. Record of type. No new material 
or further description. 

Gelasimus insignis 

Smith, 1870: 126. Taxonomy. 

Uca insignis 
? Rathbun, 1911: 550. Peru. Brief taxonomy; lo

cal distribution (by R. E. Coker). 
Porter, 1913: 317. Not found by this author in 

Chile. 
Rathbun, 1918.1: 385-387 (part: description of 

male only); PL 161, Figs. 9, 10, 11, 12, all of which 
are from drawings published by Smith in the type 
description of G. armatus. 

Bott, 1954: 156; PL 14, Fig. la, lb (photos). El 
Salvador. Taxonomy. 

Altevogt & Altevogt: 1967: E 1288. Film of wav
ing display. 

von Hagen, 1968.2: 442; Text Figs. 14e (gono-
pod), 15b (photo), 16b (photo), 20. Peru: Puerto 
Pizarro. Taxonomy; waving display; habitat. 

Altevogt, 1969.1: 238; Text Figs. Peru. Behavior 
and gonopod structure as isolating mechanisms. 
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24. UCA {UCA) ORNATA (SMITH, 1870) 

(Tropical eastern Pacific) 

PLATE 21 E-H. 
FIGURES 26 £; 31 D; 39 C, D; 46 G; 65 G; 99. 

MAP 10. 
TABLES 4, 9, 10, 12, 19,20. 

INTRODUCTION 

Because of the broad fingers of its claw, Uca ornata 
probably attains a greater weight than any other fid
dler, although in dimensions it resembles its close 
relation, maracoani insignis, and is surpassed by 
(Afruca) tangeri. 

Both its habitat and the form of its display are 
probably adaptations connected with the lopsided 
distribution of its weight. When mature it occurs, at 
least in Panama when breeding, on the inshore edges 
of mudflats which are so moist that at most low tides 
the surface remains semi-liquid ooze. From this sub
strate the crabs may derive some support during their 
vigorous display. The situation recalls those herbivo
rous dinosaurs which were apparently confined by 
their weight to semi-aquatic habitats. 

The display of ornata is a somewhat exaggerated 
version of maracoanVs performance, the great claw 
circling high overhead above the body of the crab. 

M O R P H O L O G Y 

Diagnosis 

Differs from U. maracoani of both subspecies most 
distinctly as follows: Male: Antero-dorsal margin of 
major merus with close-set, small, rounded tubercles 
and a single, distal, contrastingly large, crest-like 
tooth, not with a row of separated, large, spinous 
tubercles; major dactyl externally smooth, not granu
late. Carapace with dorso-lateral margins almost al
ways with a row of separated tubercles, either all 
large or some vestigial. Gonopod tip slender, the in
ner process not tumid, the tube not projecting beyond 
the long, narrow flanges. Female: Vertical lateral 
margin of carapace vestigial; carapace dorsally very 
rough with tubercles and granules, with a row of 
rounded tubercles across its posterior border; sub
orbital crenellations partly fused near outer angle; no 
patch of pile on posterior part of sides of carapace. 
Gonopore without a large tubercle but with a long, 
slightly raised rim directed antero-posteriorly. (See 
also Table 4, p. 638.) 

Description 

With the characteristics of the subgenus (p. 125). 

MALE 

Carapace. Branchial and pterygostomian regions 
without vein-like striae or with faint traces only. 
Upper margin of orbit erect, scarcely rolled back; 
antero-lateral margins less definite than in mara
coani, usually not clearly separated from dorsolater
als, with or without one or more large, spinous tuber
cles; dorso-lateral margins marked not by close-set 
granules but by widely-spaced, large, sharp tuber
cles, some of them with the intervening spaces indi
cated only by a faint, very low ridge, smooth except, 
sometimes, for the widely spaced, low bumps of ves
tigial large tubercles; a large tubercle, sometimes 
compound, as in m. maracoani, always present close 
to posterior angle of carapace, and in one exceptional 
specimen of ornata from Panama it is the only one 
on dorso-lateral margin; in this peculiarity alone this 
example resembles maracoani insignis. The number 
of tubercles, including the posterior and the one or 
more sometimes present on antero-lateral margin, 
range from 2 to 13 on each side. The number and 
spacing of tubercles on the two sides are rarely the 
same and the larger number may be on either major 
or minor side; the usual range is 7 to 10; 1 to 4 of 
the penultimate tubercles are sometimes vestigial. 
Vertical lateral margin faint to absent in dorsal half. 
Suborbital margins little or not at all incised, giving 
the broadest crenellations, appearing partly fused, 
close to each orbit's outer angle, not in middle of 
margin. Young not pilous. 

Major Cheliped. Merus with antero-dorsal margin 
armed throughout entire length except distally only 
by close-set, very small, rounded tubercles, usually 
scarcely more than beading and sometimes obsoles
cent either predistally or even throughout entire mar
gin; they are set on a low ridge that is sometimes 
indistinct; occasionally one to several tubercles in 
proximal part are slightly enlarged; distally the mar
gin ends in a strikingly large tooth, compressed, tri
angular, and pointed, the apex sometimes curved so 
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that the point is directed distally. Carpus with pos-
tero-dorsal surface smooth, its distal portion as well 
as ventral part of carpus often densely pilous. Outer 
manus with tubercles fewer, more widely spaced and 
lower than in maracoani; those of dorsal margin also 
few, between 2 and 5, widely separate, sometimes all 
about equally outstanding from the dense pile of up
per outer manus and its margin but usually with the 
one or two most distal projecting beyond the others. 
Palm with oblique ridge well developed but ending 
at carpal cavity and represented if at all along cav
ity's anterior border by indistinct rugosities or by one 
or two vestigial tubercles. Pollex with outer surface 
uneven, but not strongly tuberculate; grooves and 
punctae present, variable; dactyl with outer surface 
entirely smooth except for traces of vermiculations 
and, sometimes, minute punctae, all discernible in 
cross-lighting. Pile on pollex denser than in mara
coani, always prevalent in grooves and punctae, as 
on outer manus. Prehensile edge of dactyl with 
median row even closer to external row than in mara
coani and with inner row extending throughout 
length, forming a straight series of small tubercles 
that are close set and similar except at proximal end, 
where the first few are smaller, more widely spaced 
and, sometimes, imperfectly aligned; these are fol
lowed by several slightly enlarged tubercles, those 
succeeding them distally diminishing regularly to 
merge with the rest of the series. 

Ambulatories. Postero-ventral tubercles on merus, 
while variable in number and position, are much 
larger than in maracoani, almost always represented 
on all legs of at least first three pairs by at least one 
or two elongate tubercles resembling blunt spines; 
posterior surfaces of meri on the other hand are 
usually practically smooth, with the rudimentary 
rugosities found often on maracoani scarcely repre
sented and confined to the subdorsal surface, while 
spinules are very sparse to absent. 

Gonopod. Inner process not at all tumid; instead it 
is a flat, moderately narrow, translucent structure 
arising from setose tip of fleshy covering of tube; 
latter is moderately projecting and the inner process 
overlays it all the way to terminal pore. Tube flanked 
closely by a narrow anterior and vestigial posterior 
flange, both of them ending at pore. Curvature of 
tube moderate, torsion slight, beginning only sub-
distally. 

FEMALE 

Dorsal surface of carapace rough with tubercles 
and granules, as in maracoani, but almost always 
much stronger, approaching their appearance in 
(Afruca) tangeri; dorso-lateral margins with 8 to 11 
large, widely separated tubercles, without pile, ap
proximately as in female m. insignis, the posterior 

tubercle not especially enlarged; posterior border of 
carapace with a row of strong, rounded tubercles, 
moderately close set, numbering about 10 or 12. 
Vertical lateral margin vestigial, distally absent, with
out pile or large tubercles, armed only proximally 
and then only with granules or fine beading. Sides of 
carapace posteriorly not covered with pile. Suborbital 
crenellations partly fused near outer angle. A sub
dorsal border of pile posteriorly on 4th ambulatory 
merus, as in maracoani, but none supramarginally 
along postero-ventral margin, which is armed, along 
with the same margin in the other ambulatories, with 
1 to 7 (usually 3 or 4) blunt, spinous tubercles (in 
addition to a spine on each ischium), highly variable 
in number and position, as in m. insignis; dorsal mar
gin of carpus with traces of pile along its posterior 
side. Gonopore with tubercle lower and more elon
gate than in maracoani, the depression less deep and 
extending laterally less far both anteriorly and pos
teriorly. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

(All specimens from Panama) 
Largest male 31.5 50.5 87.0 67.5 
Moderate male 29.5 45.0 67.0 52.5 
Largest female 

(ovigerous) 30.0 42.0 
Smallest ovigerous 

female 26.0 37.0 

Morphological Comparison and Comment 

The male of ornata is unique in the subgenus in hav
ing, almost always, large separated tubercles on the 
postero-dorsal margins of carapace, instead, as in 
maracoani, of only posteriorly. Only maracoani 
shares with ornata the extreme characteristics of the 
major pollex, although the shape is approached by 
that of princeps monilifera. Pits on the pollex are also 
equivalent to those in maracoani; similar structures 
occur, in weak form, in stylifera and strongly in 
(Afruca) tangeri. They seem to be closely associ
ated, as usual, with the presence of pile and, prob
ably, algae (p. 466). Female ornata also have the 
dorso-lateral carapace margins strongly armed with 
separated, spinous tubercles, but they share this char
acteristic with females of maracoani insignis; as usual 
in the armature of carapace and legs of female Uca, 
it is stronger and less variable than in males. In most 
female ornata the dorsal surface of the carapace is 
so well provided with tubercles that the appearance 
is somewhat similar to that of tangeri, even though 
the tubercles in the American species are neither as 
large nor as extensive as in the African form. 

Further comparisons are given in the account of 
maracoani (p. 144). 
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Color Combat 

Displaying males: Display whitening in Panama ex
tremely rare, confined to carapace; observed by von 
Hagen (1968.2) in Peru, Ecuador or both. Carapace 
in Panama occasionally pinkish or yellow, usually 
purple or rose red; eyebrows sometimes orange. Ma
jor cheliped with propodus and dactyl entirely brown 
to dull orange or purplish red. Eyestalks yellow. 
Ambulatories proximally, at junctions between seg
ments or in entirety, purplish red or darker. The crab 
is rarely free of mud even during full display; then 
usually only the dactyl is clean, the color of the pro
podus and carapace remaining obscured. 

S O C I A L B E H A V I O R 

Waving Display 

At high intensity closely similar in all details to that 
of maracoani. At low intensity, however, the cheliped 
instead of giving a lateral-straight wave circles in the 
same general pattern as at high, but the cheliped is 
not extended so far up and the diameter of the circles, 
as well as the speed at which they are described, is 
not so great; finally, the circles tend to more of a 
normal tilt, instead of being parallel to the ground. 

In detail, the high intensity display is as follows. 
Major cheliped with manus and chela thrust straight 
above crab; dactyl separated as far as possible from 
pollex so that the claw is widely "open"; the tips then 
describe a wide circle for up to several minutes at a 
time without pause, although most series are shorter. 
In a single series I counted a maximum of 186 circu
lar waves, each made at the rate of slightly less than 
one circle per second. The minor cheliped often 
makes a corresponding motion. Body is held high off 
ground on extended ambulatories throughout a series, 
one or more legs on each side being raised and low
ered in typical leg-waves, their meri not touching; 
as in maracoani, this may be partly concerned in bal
ance, rather than strictly an embellishment of display 
that gives the effect of greater size. (Component nos. 
4, 8, ?9, 11, 12; timing elements in Table 19, p. 
656.) 

Precopulatory Behavior 

Females have been seen twice to follow males down 
burrows. Three pairs were dug up in shared burrows 
in Panama; since courting was active at the time, 
they may merely have been startled into joint descent 
by my approach. 

Acoustic Behavior 

Major-merus-rubs, leg-wags, minor-chela-taps and 
leg-stamps were observed and filmed (component 
nos. 1, 5, 10, 11). 

Several forceful combats were filmed but the details 
are unclear. As described under maracoani (p. 146), 
down-points (agonistic posture no. 2) and leg-hooks 
initiated the combats. Stamping on turned-under dac-
tyles occurred between rounds, as well as repetitions 
of the leg-hooks. 

R A N G E 

Tropical eastern Pacific from Central America to 
northern Peru. 

BlOTOPE 

Open mudflats on bay shores beside and inside the 
mouths of large streams and rivers; uncommonly on 
almost landlocked mudflats not reached by neap 
tides, so that at these times the crabs aestivate; man
groves seem always to be nearby; young sometimes 
occurring on stream banks slightly farther from sea 
than usual. (Biotope nos. 8, 11; young on 9, 12.) 

S Y M P A T R I C A S S O C I A T E S 

None when adult, except sometimes on their inshore 
boundaries, saltitanta. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens is given in Appendix 
A, p. 602.) 

Observations and Collections. Mouth of Abajo R., 
near Old Panama, Panama City, R.P.; young from 
La Boca, near mouth of Panama Canal, Balboa, 
C.Z. 

Film. Same locality. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Gelasimus ornatus Smith, 1870 

HOLOTYPE. In Museum of Comparative Zoology, 
Harvard University, Cambridge, Massachusetts. One 
female. Cat. no. 5817. Type-locality: west coast of 
Central America. Collected by J. A. McNiel. Re
ceived from Peabody Academy of Sciences, Novem
ber 1885. (!) 

Rathbun (1918.1) synonymized this species, rep
resented by the holotype only, with U. insignis, this 
female being the only member of that sex included 
in the Pacific specimens of these close-related species 
available to her for examination. Her males, on the 
other hand, probably are all specimens of insignis, 
here considered the Pacific subspecies of U. mara
coani. 

I base my identification of male ornata on field 
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observations and collections made personally near 
Panama City. Not only did I not find any specimens 
of maracoani insignis in the area, but I watched in
dividual females, later captured, attracted by the high 
intensity courtship of the males; two of these females 
had reached the stage of following displaying males 
underground. In addition, three other burrows proved 
to be inhabited by pairs; see, however, comment on 
p. 152. 

In Ecuador the few specimens of m. insignis I ob
served were in a different habitat from that fre
quented by ornata in Panama—salt flats far back 
from open water, subject to desiccation at neap tides, 
and with the substrate sandy mud rather than mud; 
von Hagen's (1968) specimens of similar southern 
populations of both species, however, were closely 

REFERENCES AND SYNONYMY 

Uca (Uca) ornata (Smith, 1870) 

Gelasimus ornatus 

TYPE DESCRIPTION. Smith, 1870: 125; PL 2, Figs. 
9-9a; PL 3, Figs. 5-5c. West coast of Central Amer
ica. (MCZ !) 

Uca insignis (not Acanthoplax insignis 
Milne-Edwards ) 

Rathbun, 1918.1 (part): 385; PL 161, Figs. 5, 
6, 13, 14, 15. Part of description referring to female 

sympatric at high levels. Obviously further ecological 
observations are needed. 

Comments on the type in Paris of Acanthoplax 
insignis are given on p. 146.-

Type Material of Uca pizarri von Hagen, 1968. Hol-
otype male in Rijksmuseum van Natuurlijke Historie, 
Leiden. Cat. no. D 23061. Measurements in mm 
from type description: length 27.3; breadth 40.2. 
Additional measurements by J. Crane: propodus 55; 
dactyl 44. The propodus was regenerated, doubtless 
at an early age, as shown by its normal shape com
bined with small size and atypical tuberculation. 
Type-locality: Puerto Pizarro, Peru. Also in Leiden: 
1 paratype male (cat. no. D 23062); breadth in mm 
43.3; Guayaquil, Ecuador. (!) 

only (p. 387); figs, are from drawings published by 
Smith in the type description of G. ornatus. 

Crane, 1941.1: 173. Panama. Brief taxonomy of 
young. 

Crane, 1957. Panama. Preliminary classification 
of waving display. 

Uca pizarri 

von Hagen, 1968.2: 439; Text Figs. 14d, 15a 
(photo), 16a (photo), 20. Puerto Pizarro, Peru; 
Guayaquil, Ecuador. Type description. (Leiden !) 
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VIII. SUBGENUS MINUCA BOTT, 1954 

Typus: Gelasimus mordax Smith, 1870 

(East and west coasts of America) 

PLATES 22-28. MAPS 10, 11, 12, 13, 14. 
GONOPOD DRAWINGS: FIGURES 66, 67, 68 (part). TABLES 1, 9, 10, 12, 14, 19, 20. 
DENDROGRAMS: FIGURES 96, 100. 

MORPHOLOGY 

Diagnosis 

Very small to large Uca with front wide to very 
wide; except in pygmaea and panamensis antero
lateral margins long and curving posteriorly, not 
sharply angled. Eyestalks short, their diameter large, 
almost filling orbits; suborbital crenellations small, 
often obscured by pile except near outer angle. No 
special armature on lower proximal palm and on an
terior surface of carpus of 1st major ambulatory. 
Major manus with tubercles on upper half moderate, 
never very small; except in brevifrons carpal cavity 
with beaded edge on upper margin, the cavity never 
extending distally. Small cheliped always with gape 
narrow, minutely serrate. Gonopod with flanges well 
developed, never ending in a projecting tube, thumb 
large and subdistal. Female gonopore always with a 
tubercle, although minute in burgersi and mordax. 
Segments of male abdomen never partly fused. 

Description 

With the characteristics of the genus. Related closely 
to Celuca, which is described in detail beginning on 
page 211. Differences are as follows. 

MALE 

Carapace. General shape of front as in Celuca but 
usually wider; measured between eyebrow margins 
its breadth is contained from about 4 to 2.5 times in 
carapace width between tips of antero-lateral angles, 
instead of from 6 to, unusually, about 3. Orbits more 
than slightly oblique only in pygmaea, where the 
backward slant is strong. Antero-lateral margins dif
fer as follows: longer, except in pygmaea, than in 
most Celuca; except in panamensis, slightly convex 
rather than straight or concave, and characteristically 
slightly divergent, the widest part of carapace being 
usually behind, not between, antero-lateral angles, 
while the antero-lateral margins continue into dorso
laterals with a rounded turn, without forming the 
sharp angle characteristic of most Celuca. Upper 
postero-lateral stria sometimes long and strong, ex

tending anteriorly below dorso-lateral margins. Ver
tical lateral margins always complete and strong. 
Carapace profile in lateral view moderately to strong
ly arched but never semi-cylindrical. Antero-lateral 
part of carapace usually with irregular, low and indis
tinct rugosities which are never tuberculate but are 
sometimes replaced by scattered low tubercles and 
are sometimes continued farther back, internal to 
dorso-lateral margins; patterned pile present on cara
pace only in vocator. In about half the species the 
postorbital groove is strongly marked, rather than 
moderately to not at all. Frontal margin always com
plete, instead of rarely weak or absent; sometimes 
with faint and variable traces of beading on its inner 
(posterior) edge. Margin of posterior carapace also 
at times faintly beaded on anterior edge, continuing 
the usual beading of lateral margin beyond postero
lateral corner of carapace. Suborbital region flat to 
convex, setae thicker and more numerous than in 
most Celuca, on both suborbital and pterygostomian 
regions. 

Orbital floor never tuberculate; submarginal setae 
sometimes thick and continuing over inner part of 
margin to merge with those of suborbital region, 
obscuring the weak crenellations, instead of being, as 
in Celuca, set in a single row; suborbital crenellations 
present throughout margin, sometimes extending 
around outer margin and even onto lower margin of 
antero-lateral angle; in no species, however, do they 
reach the high development shown in some Celuca. 

Eyestalk and eye almost fill orbit, except near sub
orbital and outer orbital margins. Stalk always short 
and thick and, in these characters, Minuca includes 
the most extreme examples in the genus; stalk about 
equal to eye in diameter. 

Second Maxilliped. Few spoon-tipped hairs. 

Third Maxilliped. Gill vestigial. 

Major Cheliped. Merus: Ventral margin except in 
panamensis and pygmaea with two distinct rows of 
tubercles, not contiguous; the anterior is always the 
more regular, slightly supramarginal, with the proxi-
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mal end starting higher, then descending obliquely 
to parallel the second row. 

Carpus: Postero-dorsal surface more often with 
tubercles mixed with or replacing the rugosities, than 
strictly rugose; sometimes practically smooth; degree 
and type of roughness highly variable. 

Manus: Outer surface usually covered with small 
to moderate tubercles, rarely with the minute tuber
cles characteristic of most Celuca. While always larg
est as in that subgenus in upper part of manus, they 
differ in never showing patterns of arrangement, such 
as reticulations or vertical rugosities, and in never 
having more than an extremely narrow band of 
minute tubercles, or a smooth area, close to sub
dorsal groove; latter groove, except in panamensis, 
always present, strong and full length of the well-
marked, raised, tuberculate outer edge of dorsal mar
gin. Unlike many Celuca, margin is never distally 
broad, triangular, or strongly flattened, never has 
specialized arrangements of the tubercles, and never 
is practically smooth. Instead, it continues beyond 
carpal cavity as a relatively narrow, slightly convex 
ridge, little or not at all broadened distally; the sur
face is equipped only with a few small tubercles, low 
and unspecialized. Lower distal outer manus at pol-
lex base always flattened as in Celuca, but with the 
depression, except in pygmaea and subcylindrica, 
weaker than in most Celuca. Except in panamensis a 
ventral marginal keel is always distinguishable and 
always flanked by an outer groove; both, however, 
stop at pollex base, where they are strongest, instead 
of sometimes continuing onto pollex; tubercles and 
beading only occasionally surmounting or replacing 
keel instead of being usually present. Heel always 
well rounded; in panamensis it projects postero-later-
ally to an extent unique in the genus. 

Palm: Lower triangular area differs from that of 
Celuca in having minute tubercles at least adjacent to 
oblique ridge, rather than on the area's lower part; 
again unlike Celuca the tubercles are never larger 
proximally and near ventral margins than elsewhere 
and never are specialized in arrangement or shape. 
Central area of palm always at least partly tubercu
late, instead of usually smooth; no definite depression 
ever in upper part of center palm, below predactyl 
region. Carpal cavity with proximal part of lower 
portion sometimes so low that it lacks a margin, in
stead of being always defined throughout. Upper part 
of cavity, except in brevifrons, without an extension 
distally into the flattened predactyl area, being cut 
off sharply by the downward curving, strongly beaded 
inner edge of dorsal margin; this barrier which oc
curs occasionally and then often incompletely in 
Celuca, in Minuca is incomplete only in subcylin
drica. Proximal predactyl ridge either subparallel to 
the adjacent groove, as in Celuca, or diverging from 
it, the ridge then being directed proximo-dorsally. 

Proximal ridge always stronger than distal ridge, 
which may be variably obsolescent. 

Pollex and dactyl: Differ as follows from those of 
Celuca: Tip of dactyl, when closely apposed to that 
of pollex, never lies against inside of pollex tip, but 
always touches the tip itself as it curves slightly be
yond and below in exactly the same plane; pollex tip 
except in panamensis and subcylindrica, is always 
roughly trifid, instead of being usually simple and 
only occasionally bifid or trifid. Pollex and dactyl of 
similar breadths, instead of pollex usually being 
clearly wider; only in pygmaea is pollex somewhat 
triangular. Long external grooves present in brevi
frons and subcylindrica. Outer, proximal, subdorsal 
groove on dactyl always well developed except in 
brevifrons and panamensis, where it is respectively 
weak and absent. A distal keel occurs only in sub
cylindrica, on pollex only. 

Minor Cheliped. As in Celuca, except as follows. 
Antero-ventral margin of merus, instead of being 
smooth and rounded, is distinct at least proximally 
and marked at least faintly with minute tubercles, 
spinules, or beading; this same margin is flanked 
supramarginally on anterior surface at its proximal 
end by a cluster of minute spinules or, sometimes, by 
a distinct, short row of spinules or tubercles; the ante
rior surface also is sometimes slightly roughened, at 
least proximally, by various means; all of these meral 
characteristics are subject to individual variation 
within populations. Carpal ridge and mano-pollex 
ridge both always strongly developed, not sometimes 
short or weak; carpal ridge often clearly beaded. Ex
cept in panamensis, gape always, instead of some
times, extremely narrow with middle portion clearly 
serrate, the edges almost or wholly in contact when 
tips are apposed. 

Ambulatories. As in Celuca, except that the ventral 
margins of merus are completely unarmed, instead of 
weakly so, except in panamensis and subcylindrica. 
Pile in general more prevalent than in any Celuca, 
especially on carpus and manus; extent in several 
species controlled by presence or absence of under
lying, very minute, sharp granules, and of taxonomic 
importance. No special armature on anterior surface 
of 1st carpus or other segments. 

Abdomen. All segments distinct. 

Gonopod. Basically of the Deltuca-Thalassuca type. 
Flanges always well developed, the anterior the 
wider, never confluent beyond pore; pore never at 
end of a produced tube; inner process strong, ranging 
from broad and expanded when it almost overhangs 
pore, to flat and moderately narrow, although never 
spinous. Thumb always well developed. Torsion ab
sent to slight, never extreme. 
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FEMALE 

With the characteristics of females in the genus 
(p. 17) and of the subgenus Celuca (p. 215), when 
the following comments are taken into account. 
Otherwise as in male, as described above. 

The female in Minuca differs in secondary charac
ters most definitely from the male in having both ven
tral margins of the ambulatories always distinct and, 
at least on part of the 2nd and 3rd legs, armed with 
serrations or tubercles; in Celuca these margins are 
armed weakly but distinctly even in males. In some 
individuals of most species a longitudinal ridge 
on anterior surface of at least 1st carpus; although 
seldom tuberculate, it is otherwise similar to the ar
mature in males of some Celuca. In general the arma
ture of the carapace is relatively stronger in compari
son with that of the males in Minuca than in Celuca, 
particularly in the anterior and posterior beading; in 
no species, however, are the carapace differences be
tween the sexes as pronounced as in some other sub
genera. Gonopore of Minuca with one to three tuber
cles, unlike Celuca, where tubercles are absent, 
except in one subspecies; in two species of Minuca, 
however, burgersi and mordax, the single tubercle is 
very small. 

Size 

Small to large. 

Color 

Display whitening strongly attained in one subspecies 
only, g. galapagensis, where it is preceded by a bright 
yellow phase. Minor lightening of carapace and ma
jor cheliped apparent in a number of other Minuca. 
Red and orange frequent on major cheliped; less 
often these hues appear on ambulatories and, in one 
subspecies, vocator ecuadoriensis, dark red extends 
to the carapace. Green and blue green are confined 
to the crab's anterior regions and occur only in some 
populations of two species, rapax and pugnax. 

S O C I A L B E H A V I O R 

Wave lateral-straight to lateral-circular, the cheliped 
usually unflexing obliquely upward, often with jerks. 
One special courtship component, the curtsy, present 
in several species. Tempo of waving often slow; in 
no Minuca is the speed of waving attained that occurs 
in a number of Celuca, although in jerking displays 
direct comparisons are invalid since a jerking display 
represents compound single waves (p. 524). Never
theless even when a display consists only of a simple 
wave it is characteristically slower than in most 
Celuca. Waving display prevalent in both popula

tions and individuals during periods of social activity, 
but these periods are often sharply limited by drought 
or temperature. Male normally attracts female into 
his burrow, even attempted matings, much less com
pleted copulations, being rare at the surface during 
daylight. In the temperate zone, however, courtship 
in two species occurs at night as well as during the 
daytime; in these forms the incidence of nocturnal 
surface pairings may be high. Chimney construction 
prevalent, chimneys being apparently sometimes con
structed only by females but sometimes also serving 
as a display perch for males. Hoods are formed regu
larly, apparently by displaying males, in minax but 
rudimentary ones were made in a single population 
of pugnax. Sound production reaches moderate diver
sity and complexity. Combat, at least in Trinidad 
populations of rapax and probably burgersi, is more 
thoroughly ritualized—the elements of force being 
more often apparently excluded—than in any other 
Uca where the patterns are known. 

RELATIONSHIPS 

Nine of the twelve species included in the subgenus 
Minuca appear to be closely related. This majority is 
treated in the paragraphs that follow; the three aber
rant species are discussed in the section's final para
graph. 

One species, vocator, is composed of populations 
of great similarity, even though they occur in both 
the Atlantic and Pacific; the groups in each ocean are 
therefore given only the rank of subspecies; their 
similarities include not only superficial details of ar
mature and pile, but a close resemblance in gonopods 
which, in the form of the inner process and the pres
ence of a unique subdistal tooth, set off the species 
from its close relations; the gonopod of this species, 
in fact, is most similar to those of certain Deltuca in 
the Indo-Pacific. 

The eight other closely related species divide with 
considerable justification into two superspecies, each 
containing three geographically distinct species and 
an additional allied species; each of these two allies 
shows geographical coincidence with one member of 
a superspecies. 

The first superspecies, minax, is composed of mor
dax and minax, respectively in the tropical and tem
perate Atlantic, and brevifrons, in the tropical 
Pacific; these three species all show the widest fronts 
in the genus, highly arched carapaces adapting them 
well to desiccation during drought or cold, similari
ties of armature on the major cheliped, including 
diverging predactyl ridges (which are also shared by 
vocator), and a toleration for almost fresh water; in 
fact each of the three reaches its highest population 
size and includes the largest individuals far from the 
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mouths of rivers or in swamps of minimal tidal in
fluence. A fourth species that is closely allied to the 
superspecies, and in particular to mordax, is burgersi, 
discussed further in the account of that species (p. 
169). The gonopods of this superspecies and its ally 
are exceedingly similar to one another and to those of 
the second superspecies, described below, as well as 
minutely variable in similar ways; they are, therefore 
unreliable as taxonomic tools. 

The second superspecies, galapagensis, groups 
three similar species. These are galapagensis in the 
tropical Pacific, rapax in the tropical and subtropical 
Atlantic, and pugnax in the subtropical and temper
ate Atlantic. Each is divided here into two sub
species. All of these forms are strikingly similar 
morphologically. In contrast to members of the 
superspecies minax, the species are confined to habi
tats of relatively high salinity; with the exception of 
one subspecies (g. galapagensis) that aestivates in 
very dry flats, the carapaces are not so highly arched 
as is usual in the superspecies minax and the fronts 
are less wide throughout; the similarity of the gono
pods within and between the two groups has already 
been mentioned. Within the superspecies all of the 
species share fine details of armature of the major 
cheliped; these consist principally of a high oblique 
ridge on the palm with tubercles often in a partly 
double row, parallel predactyl ridges, and a predistal 
crest on the pollex distinctively formed. Although re
liable gonopod differences doubtless exist in all these 
forms, adequate statistical studies of variations will 
be needed to determine them; thereafter only devoted 
use both of high power lenses and micrometer scales 
can take advantage of the information. A fourth spe
cies, zacae, appears to be closely allied to this super
species; it shares the Pacific range of galapagensis. 

The three remaining species included in Minuca 
are pygmaea, subcylindrica, and panamensis. Each is 
highly and diversely specialized. The peculiarities of 
pygmaea are associated with its paedomorphic char
acteristics, which appear in one or more species in 
most of the other subgenera. This species is little 
known either in life or preservative, and its affinities 
to the rest of the subgenus will doubtless become 
certain as soon as more information and material 
become available; meanwhile it is placed among its 
more probable relations, vocator and the super
species minax, on the left of the dendogram. The 
other two aberrant species, subcylindrica and pana
mensis, could perhaps equally well be considered 
members of the less homogeneous subgenus Celuca. 

The basic resemblance of the gonopods, however, to 
those characteristic of Minuca seems to be sufficient 
reason for the inclusion of the species here, particu
larly since our knowledge of their habitats is suffi
cient to explain most of their structural oddities. 

FOSSIL SPECIMENS 

The holotype and unique specimen of XJca hamlini 
Rathbun, 1926, is a fossil claw from the Pliocene of 
southern California. Its visible characters are more 
similar to those of the members of the subgenus 
Minuca than to those of species composing other cur
rent subgenera. The visible part of the specimen con
sists chiefly of the outer side of the right major propo-
dus and dactyl. Characteristics of the armature are 
distinct, in spite of cracks and other damage. The 
manus tubercles are small, as in living Minuca and 
unlike the large tubercles found in the subgenus Uca 
or the usually smaller ones in Celuca. The manus at 
first view appears abnormally long; further examina
tion shows that the outer manus has almost certainly 
been detached and pushed somewhat proximally, so 
that distally part of the internal aspect of the palm 
(that is, a portion never exposed in an intact crab) 
is visible. The fingers are also damaged, although 
some blunt gape tubercles are distinct, all resembling 
closely those that occur in species of Minuca today. 
Measurements in mm: propodus more than 30 mm, 
dactyl ca. 24 mm. The type data are as follows: 
Rathbun, 1926.2: 30; PL 8, Fig. 1. From Third St. 
tunnel, Los Angeles. Pliocene. Collected by Homer 
Hamlin, U.S. Geological Survey, 1901. Holotype in 
Smithsonian Institution, National Museum of Natu
ral History, Washington, no. 353372. (!) 

Another fossil specimen seems to me to be unsuit
able for referral, at least at present, even to a sub
genus. It consists of a single dactyl from an ambula
tory and was referred by Rathbun, 1918, to Uca 
macrodactylus (Milne-Edwards & Lucas). Thanks to 
our present expanded knowledge of the genus, it 
seems clear that the morphology of dactyls is on the 
one hand similar, and on the other has not yet been 
investigated in enough detail, to distinguish the small 
interspecific differences. Measurement: length ca. 6 
mm. Reference: Rathbun, 1918.2: 177; PI. 64, Fig. 
7. From Panama, Canal Zone; Pleistocene. Specimen 
in Smithsonian Institution, National Museum of Nat
ural History, Washington, no. 324251. (!) The tax
onomic history of the name macrodactylus is dis
cussed below, on p. 186. 
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25. UCA (MINUCA) PANAMENSIS (STIMPSON, 1859) 

(Tropical eastern Pacific) 

PLATE 22 A-D. MAP 12. 

FIGURES 46 H; 66 G; 100. TABLES 9, 10, 12, 20. 

INTRODUCTION 

Uca panamensis is the only fiddler adapted by both 
morphology and behavior to a stony habitat. It oc
curs only at the ends of beaches, where sand so often 
gives way to rocky headlands. The fiddler depends on 
stones and small rocks for protection, dodging 
around and beneath them, or freezing motionless in 
their shelter for minutes at a time. Its variable colors, 
ranging widely from light to dark, are always in gen
eral accord with the local substrate. The carapace is 
unusually flat for a Uca, in apparent adaptation to 
sheltering under stones. Burrows, insofar as they 
have been sampled, are shallow and very temporary; 
sometimes panamensis does not dig at all before the 
tide comes in; the crab simply shelters under a rock 
like the numerous xanthids nearby. 

In this environment, where the sight of waving 
individuals would usually be restricted by intervening 
stones, probably lies the explanation for the small 
amount of waving that seems to be typical of this 
species. A further hint exists in the exaggerated pos
terior extension of the heel of the major manus; pre
sumably it could act as an effective instrument in 
major-manus-drumming against the ground. Unfor
tunately this species has not been observed in life 
since our knowledge of acoustic behavior in Uca be
gan to be assembled. 

The stiff brushes of setae on the tips of the small 
chelae scrape algae from the stones. These minute 
plants form the principal food of all panamensis that 
have reached a moderate size. Only the young and 
occasional adults sift organic matter from the sand 
in typical Uca fashion. 

MORPHOLOGY 

Diagnosis 

Major manus with proximal outer end strikingly 
thick and projecting; oblique ridge on palm vestigial, 
being smoothly rounded and without tubercles. 
Minor cheliped in both sexes with gape wide and 
with a long, distal brush of stiff, bristle-like setae on 
each finger. Front broad, about one-third width of 
carapace; antero-lateral angles acute and produced. 

The posterior extension on the major manus and the 
striking brushes of setae on the small chelae distin
guish this species from all others in the genus. 

Description 

With the characteristics of the subgenus Minuca (p. 
154). 

MALE 

Carapace. Front contained about 3 times in carapace 
breadth. Carapace shape antero-laterally atypical of 
the subgenus, being widest between antero-lateral 
angles which are acute and slightly produced; in ad
dition, the margins converge slightly from the angle 
before turning inward, sometimes in an almost angu
lar turn. In addition to the usual postero-lateral 
striae, very short, weak, additional striae, of varying 
size, number, and position, occur on sides, behind the 
vertical lateral margins; posteriorly the roughening 
takes the form of single spinules. Suborbital crenella-
tions strong throughout; the outer angle of the orbit 
flares anteriorly, so that the crenellations project; the 
angle has a smooth, vertical outer border, the crenel
lations recommencing on a low level and continuing 
posteriorly along outer edge of orbit and onto lower 
edge of antero-lateral angle. 

Major Cheliped. Merus on ventral margin with a sin
gle row of tubercles, not two, or a row of weak, trans
verse rugosities; sometimes margin is almost smooth. 
Manus with outer surface marble smooth or with 
very minute tubercles on lower part, and always with 
small, low tubercles extending from upper part of 
heel area obliquely dorso-distally across upper third; 
subdorsal groove absent; dorsal margin little bent 
over, broad, convex, not set off from either outer 
manus or palm, tubercles of marginal area being con
tinuous with those of both surfaces; the only excep
tion is a wavy, linear row of the same tubercles that 
can sometimes be distinguished in proximal half of 
marginal area, in the region normally part of outer 
edge and groove; ventral margin also smoothly 
rounded, with or without faint traces of a line of 
minute tubercles in distal half, both keel and groove 
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being absent; heel notably enlarged, extending pos
teriorly in a rounded protuberance that prevents full 
lateral extension of manus. Palm with lower triangle 
uniformly covered throughout by very minute tuber
cles; central area smooth, the only general roughen
ing of entire palm being near dorsal margin, where 
the small tubercles of outer manus and dorsal margin 
die out; tubercles altogether lacking on the low, 
rounded, indistinct, oblique ridge, except for the very 
minute tubercles of lower triangle which die out in 
this area; carpal cavity small, its lower margin lack
ing, its distal edge marked with small tubercles, the 
beading of its upper edge minute; predactyl ridges 
weak. Pollex and dactyl with tubercles of prehensile 
edges low, weakly differentiated; tip of pollex blunt, 
not appearing trifid; dactyl with proximal subdorsal 
groove absent and with proximal dorsal tubercles 
minimal. 

Minor Cheliped. Manus rounded, almost as broad as 
long and two-thirds as thick. Fingers only slightly 
longer than palm, broad and thick, gaping moderate
ly to the corneous tips which articulate well; prehen
sile edges without serrations. Entire lower distal end 
of pollex and upper distal of dactyl covered with a 
thick brush of long bristles; these continue backward 
on both fingers, inside and out, as the usual oblique 
rows of relatively scanty setae. 

Ambulatories. Ventral margins of meri serrate for at 
least part of anterior and posterior margins; strength 
of serrations variable among populations. Pile absent. 

Gonopod. Anterior flange much broader than poste
rior. Inner process broad, thick except distally, close
ly applied to and extending beyond tip of posterior 
flange. Thumb slender, ending well below base of 
flange. 

FEMALE 

All armature notably strong, for a female of this 
subgenus; noteworthy characteristics are the tubercu-
lation of the hepatic and branchial regions, the 
strength of the unusual short striae of the carapace 
sides, and the distinct beading of the posterior edge 
of frontal margin, eyebrows, and anterior edge of 
posterior margin of carapace. Gonopore with an ex
ternal tubercle directed antero-internally. 

Measurements (in mm) 

Largest male 
Moderate male 
Largest female 
Largest ovigerous 
Smallest ovigerous 

female 
female 

Length 

13.5 
11.0 
14.5 
10.0 
7.0 

Breadth 

19.5 
16.5 
19.5 
13.3 
10.2 

Propodus 

30.0 
21.5 

-
-
•-

Dactyl 

19.0 
14.5 
-
-
-

Morphological Comparison and Comment 

In spite of its unusual characteristics, panamensis is 
basically a typical member of the subgenus Minuca, 
the front being very broad and the gonopod of the 
general form found in vocator and its relations. The 
exceptionally smooth manus and chela hint that 
actual combat may be strongly reduced, while the 
large heel, as well as a moderate development of ar
mature on the merus and suborbital regions, suggest 
that this species will prove to depend strongly on 
acoustic signaling in agonistic behavior as well as in 
courtship. 

Color 

Display whitening probably absent, although some 
individuals are moderately pale. The color of this 
species definitely varies with the prevailing color of 
the surrounding sand and stones. Populations on light 
sand and among pale stones are usually yellowish 
buff or grayish white, but individuals are sometimes 
paler. Crabs on dark volcanic sand among dark 
stones, on the other hand, range through various 
shades of brown, dull green, and gray; they are often 
speckled or marbled with lighter or darker, and 
sometimes with dark red. Major cheliped frequently 
lighter than rest of crab. 

S O C I A L B E H A V I O R 

Waving Display 

(Incompletely known; only about five examples have 
been observed; no films were secured.) 

Wave apparently always lateral-straight, the major 
cheliped being extended diagonally outward and up
ward, then flexed again in the same plane. Minor 
cheliped motionless; body not raised; ambulatories 
remain on ground; no steps are taken. Waving is at 
the rate of about 1 wave to the second. The examples 
seen all displayed from the tops of stones. (Com
ponent no. 4.) 

R A N G E 

Gulf of Fonseca, El Salvador, to Payta, Peru. 

BlOTOPES 

This species is the only one in the genus found close 
to the ends of sheltered, sandy beaches, among the 
stones that often mark the change to rocks and tide-
pools just beyond. Rarely found also in the adjacent 
tidepools under stones; this location appears to be 
accidental, resulting from a hurried escape. (Biotope 
no. 4 approximately; see above; rarely, no. 2.) 
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SYMPATRIC ASSOCIATES 

None. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 602.) 

Observations and Collections. Nicaragua: Gulf of 
Fonseca, near Potosi R.; Corinto. Costa Rica: Port 
Parker; Culebra Bay; Piedra Blanca Bay; Ballenas 
Bay; Uvita Bay; Golfito. Panama: Honda Bay; 

R E F E R E N C E S A N D S Y N O N Y M Y 

Uca (Minuca) panamensis 

(Stimpson, 1859) 

Gelasimus panamensis 

TYPE DESCRIPTION. Stimpson, 1859: 63. Panama. 
Smith, 1870: 139; PI. 4, Fig. 5. Taxonomy of 

type. 
Kingsley, 1880.1: 150. Gulf of Fonseca. Taxon

omy. 
Cano, 1889: 92, 235. Gulf of Panama. Taxon

omy. 

Uca panamensis 

Nobili, 1901.3: 49. Ecuador: Flamenco I. Tax
onomy. 

Rathbun, 1918.1: 412; photos. Gulf of Fonseca: 
El Salvador. Costa Rica: Puntarenas. Panama: 
Taboga I. and elsewhere. Peru: Payta. 

Panama City. Colombia: Gorgona I. Specimens ob
served and examined, but not collected, at the follow
ing additional localities: Costa Rica: Parida I., Cedro 
I., both in Gulf of Nicoya. 

TYPE MATERIAL AND NOMENCLATURE 

Uca panamensis (Stimpson, 1859) 

Stimpson's type of Gelasimus panamensis is not 
extant. Type-locality: Panama. Since no taxonomic 
confusion has yet arisen, it seems neither necessary 
nor desirable to designate a neotype. 

Maccagno, 1928: 40. Ecuador: I. Flamenco. Tax
onomy of Nobili's material. 

Crane, 1941.1: 204; text fig. (minor chela). Nica
ragua; Costa Rica; Colombia. Taxonomy; general 
habits; habitat. (USNM !) 

Garth, 1948: 60. Colombia: Humboldt Bay 
(AMNH!);LimonBay. 

Holthuis, 1954.2: 163. El Salvador (no new rec
ords). 

Bott, 1954: 162; text fig. (gonopod); photos. Gulf 
of Fonseca: El Salvador. 

Crane, 1957. Panama. Preliminary classification 
of waving display. 

Uca galapagensis (not of Rathbun). 

Boone, 1927: Text Fig. 97 (part). Cocos I. (east
ern Pacific). Specimen illustrated in lower half of 
Text Fig., designated galapagensis, is example of 
panamensis. (!) 
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26. UCA {MINUCA) PYGMAEA CRANE, 1941 

(Tropical eastern Pacific) 

PLATE 22 E-H. MAP 11. 

FIGURES 66 E; 100. TABLES 9, 10. 

INTRODUCTION 

A very small species with paedomorphic characteris
tics, Uca pygmaea is known from few specimens and 
has not been observed alive before capture. 

MORPHOLOGY 

Diagnosis 

Front wide; orbits extremely oblique. Major pollex 
with a deep, narrowly triangular furrow supraven-
trally at its base; palm without oblique, tuberculate 
ridge, the area being granulate; manus greatly tumid; 
no backwardly directed heel. Gonopod with anterior 
flange projecting clearly beyond posterior flange; in
ner process moderately thick and broad. 

Description 
With the characteristics of the subgenus Minuca (p. 
154). 

MALE 

Carapace. Front only moderately wide in the sub
genus, contained about 4 times in width of carapace 
between antero-lateral angles, which are strongly 
acute; orbits extremely oblique; antero-lateral mar
gins almost lacking; dorso-lateral margins strongly 
converging. Upper postero-lateral stria long; lower 
absent. Postmarginal part of orbital floor and entire 
suborbital region densely setose except along outer 
half of suborbital margin, where the well-developed 
crenellations stand free of setae and continue around 
outer edge of orbit. 

Major Cheliped. Ventral margin of merus with a sin
gle row of sharp tubercles, those near distal end en
larged and spinous. Manus appearing swollen, being 
very thick, and scarcely or not at all longer than 
wide; outer surface roughly tuberculate in dorsal 
half; at outer base of pollex a conspicuous furrow, 
narrowly triangular, the apex distal; ventral margin 
proximally a finely beaded keel, otherwise formed of 
large, low discrete tubercles; beads and tubercles 
graduated throughout, largest at pollex base. Palm 
without oblique ridge, or with a rudimentary indica
tion of a ridge, the entire area very convex, rough 

in dorsal part with large tubercles that become grad
ually smaller ventrally; proximal ridge at base of dac
tyl diverging from distal, which is obsolescent. Pollex 
and dactyl deep and thick, the pollex appearing dis
tinctly triangular; prehensile edge of pollex has, un
usually close to its proximal end, a very large tooth, 
adjacent to one or two others, somewhat smaller. 
Dactyl little or not at all longer than manus. 

Minor Cheliped. Palm broad and thick. 

Ambulatories. Meri moderately broad; legs without 
pile. 

Gonopod. Flanges of similar breadth, both strongly 
concave externally, forming together with the inter
vening canal and pore almost a semicircle; anterior 
flange with its entire anterior edge projecting well 
beyond inner process, pore, and posterior flange. In
ner process moderate in size and thickness, covering 
only part of the posterior flange and leaving anterior 
flange wholly exposed. Thumb large, arising near 
base of anterior flange but ending well below latter's 
tip. 

Measurements in mm: Holotype: length 5.7; breadth 
8.4; propodus 10.8. Twelve male paratypes: length 
4.0 to 5.5. 

FEMALE 

Unknown. 

Morphological Comparison and Comment 

This species appears to be most closely related to 
U. zacae. It differs in the extreme obliqueness of the 
orbit, in the deeper, tumid palm with coarse granula
tion on its inner surface, and in details of the gono
pod. It resembles (Celuca) argillicola in the general 
shape of the carapace combined with the lack of an 
oblique ridge on the palm, but differs clearly in the 
wider front, narrow meri on ambulatories and form 
of gonopod. 

In spite of the small size and paedomorphic form 
of the males in the type series, the only known speci
mens, the well-formed details of the gonopods indi
cate that the specimens are almost or wholly mature. 
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R A N G E 

Golfito, Costa Rica, to Buenaventura, Colombia. 

BlOTOPE 

Muddy banks of fresh-water stream. (Biotope no. 
15.) 

REFERENCES 

Uca (Minuca) pygmaea Crane, 1941 

Uca pygmaea 

TYPE DESCRIPTION. Crane, 1941.1: 174; Text Fig. 
4b (minor cheliped); PL 1, Fig. 1 (photo); PI. 2, 
Fig. 4 (photo). (USNM !) 

Garth, 1948: 61. Colombia: Humboldt Bay. 

TYPE MATERIAL AND NOMENCLATURE 

Uca pygmaea Crane, 1941 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Cat. no. 
137419 (formerly New York Zoological Society cat. 
no. 381,110). Golfito, Costa Rica. 12 additional 
males, all designated paratypes and all from the type-
locality, deposited in the same institution, cat. no. 
137420 (formerly NYZS cat. no. 381, 111 part). 
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27. UCA (MINUCA) VOCATOR (HERBST, 1804) 

(Tropical eastern Pacific and tropical western Atlantic) 

PLATES 23; 24 A-D. MAP 13. 
FIGURES 16; 66 A, B, C, D; 100. TABLES 9, 10, 12, 20. 

INTRODUCTION 

Like Uca thayeri in the subgenus Boboruca and 
maracoani in Uca, the two forms of vocator are 
divided by the Isthmus of Panama and yet are so 
similar that there seems to be no justification for giv
ing them the rank of separate species. 

The fragility of the characteristic pile on the cara
pace has led to confusions of identification on both 
coasts. As in (Amphiuca) chlorophthalmus, varia
tions in the form of the gonopod are prevalent, par
ticularly in the Pacific. Since differences occur, as in 
chlorophthalmus, even within the same populations, 
further allopatric subdivisions are not indicated, at 
least on the basis of the present limited material. 

M O R P H O L O G Y 

Diagnosis 

Front very broad; profuse pile, in a pattern, on cara
pace of both sexes, but easily detached; traces 
practically always remain on hepatic and branchial 
regions. Major palm with oblique ridge obsolescent, 
the apex very low, tubercles small and irregular, 
sometimes absent; proximal predactyl ridge not 
parallel to adjacent groove, but diverging from it 
throughout. Ambulatories in male only with pile pro
fuse, even present on ventral half of mani, but easily 
detached, often partly or wholly missing. Gonopod 
with inner process broad, tumid, twisted, closely ap-
pressed against entire width of flanges; a tubercle 
near base of anterior edge of anterior flange, usually 
obscured by setae. Gonopore with a large tubercle 
surrounded on three sides by a strong, uneven rim. 

Description 

With the characteristics of the subgenus Minuca (p. 
154). 

MALE 

Carapace. Front very wide, contained less than 3 
times in breadth of carapace between antero-lateral 
angles. Upper postero-lateral striae long and strong. 
Pile in a characteristic pattern of patches and slender 
curving ovals, extending at maximum over most of 

carapace, though in varying thickness; it is most 
distinct on hepatic regions but present in all depres
sions and along all lateral and postero-lateral mar
gins and ridges. Easily removed by abrasion, it is 
partly or wholly missing on many specimens; beneath 
the pile the carapace is microscopically pitted. Eye
brows ranging from strongly depressed to almost ver
tical. Crenellations of suborbital margin small but 
well formed, especially externally; they are, however, 
often almost hidden in pile and setae. 

Major Cheliped. Manus with tubercles of upper outer 
surface very small. Palm with oblique ridge low and 
blunt, not marked by special tubercles in a single 
row; small, low tubercles, slightly larger than those 
on outer surface, cover entire area of slope and crest 
of ridge and continue, enlarged, over center palm; 
any or all of these tubercles sometimes vestigial or 
absent, especially in large specimens, but often also 
in middle-sized individuals; on apex and, sometimes, 
immediately above and below it, several enlarged 
tubercles may or may not be clustered; at base of 
dactyl only proximal ridge is well developed and with 
distinct tubercles; it diverges widely from the vertical 
and proceeds up and back, merging with the enlarged 
tubercles of center palm. 

Ambulatories. Meri of 2nd and 3rd ambulatories 
slightly enlarged, their dorsal margins more or less 
convex. Pile maximally present dorsally, anteriorly 
and posteriorly on all legs on all segments except 
dactyls, and, in addition, on ventral side of manus; 
the pile is, however, easily dislodged, and is probably 
naturally scanty or sometimes lacking ventrally in 
northern Pacific populations. 

Gonopod. Anterior flange slightly to greatly broader 
than posterior; a tubercle, ranging from very small 
to large, sometimes spiniform, close to base of ante
rior edge of flange, often obscured by setae. Inner 
process broad, truncate, and in large specimens 
slightly tumid, covering all of posterior and at least 
half of anterior flanges, the coverage increasing with 
growth; the process is a little twisted anteriorly and 
in larger specimens curves distally beyond edge of 
flanges, to which it is closely appressed. Thumb 
large, reaching well beyond flange base. 
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FEMALE 

Suborbital crenellations not stronger than in male. 
Pile on ambulatories in Pacific subspecies sparse 

compared with that of male and usually absent from 
ventral surface of manus; in Atlantic subspecies 
ambulatory pile altogether absent. 

Gonopore with a large, central tubercle, sur
rounded externally, posteriorly and internally by a 
strong, projecting rim. This rim is deeply incised ex
ternally, so that its outer section appears as a small 
tubercle; the posterior section of the rim joins the 
internal section at an angle marked by a crease. An
terior edge of gonopore smooth, especially in the 
Pacific subspecies, or with a very low, straight rim. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

U. vocator vocator 
Largest male 

(Trinidad) 
Moderate male 

(Trinidad) 
Largest female 

(ovigerous) (Venezuela) 13.5 - -
Smallest ovigerous 
female (Venezuela) 8.2 - -

U. vocator ecuadoriensis 
(all from Guayaquil, 
Ecuador) 
Largest male 17.0 25.0 32.0 25.0 
Largest claw (body 

missing) 39.0 26.0 
Moderate male 14.0 19.0 31.0 21.0 
Largest female 

(ovigerous) 15.5 21.5 
Smallest ovigerous 
female 11.5 15.0 

17.0 24.5 40.0 28.0 

14.0 21.0 32.0 22.5 

Morphological Comparison and Comment 

U. vocator differs from all other XJca with very broad 
fronts in the presence of widespread patches of pile, 
maximally over entire carapace, and in the presence, 
on the gonopod, of a tubercle or spine near base of 
anterior flange. It differs further from all these broad-
fronted XJca except panamensis in the breadth of the 
gonopod's inner process, which covers the posterior 
and more than half the anterior flanges. It differs 
additionally from sympatric Minuca on both Atlantic 
and Pacific coasts as follows: from burger si, mordax, 
and brevijrons by the low apex of the weak ridge 
inside palm; from pygmaea by the lack of a triangu
lar furrow outside pollex base; and from galapagensis 
and rapax by the divergence inside major palm, up 
and back, of the proximal ridge at dactyl's base from 
the vertical line of the base itself. The most notice
able differences between the two subspecies are con
fined to minor distinctions in the armature of one 

edge of the major merus, the presence or absence of 
sparse pile on the female ambulatories, and details of 
the gonopod tip, concerning breadth of one flange 
and size and variability of the tubercle near its base. 

Color 

Displaying and non-displaying males: Display whit
ening absent. In the Pacific subspecies, v. ecuadorien
sis, the carapace is usually marbled with yellowish 
and dark brown, or with gray and black; in the salt 
fiats near Guayaquil some rose red individuals were 
collected, none of them displaying. In the Atlantic 
subspecies, v. vocator, displaying individuals are 
usually dull brownish or grayish, but sometimes 
tinged with yellowish or reddish. The brightest indi
viduals, none of which were waving, in the large pop
ulation at the mouth of the San Juan River, Vene
zuela, had the carapace rufous orange above, with 
major manus and chela yellow; in Trinidad the cara
pace was usually dull, attaining a yellowish buff in 
only several displaying individuals in one population; 
in all Trinidadian populations noted the major manus 
was tinged with yellow to pale orange; in at least one 
Trinidad stream the orange was confined to the dry 
season, between February and May. In both the At
lantic and Pacific, in fact, the major chelipeds are 
often the only non-monochromatic part of the crab, 
usually showing some yellowish or reddish, especially 
on the manus, while the fingers are usually white. 
Carapace and ambulatories of females as in males of 
the populations. 

S O C I A L B E H A V I O R 

Waving Display 

(Similar in the two subspecies, but not well known 
in either.) 

Wave lateral-straight to narrowly circular, the 
cheliped usually unflexing obliquely upward, some
times almost directly laterally. Jerks present but so 
faintly indicated that they are sometimes difficult to 
count; in well-accented examples they number 4 to 6 
on unflexing followed, usually after an intervening 
pause, by 4 to 6 more jerks on the descent. Cheliped 
not brought all the way to ground between waves at 
high intensities; at these times the pause at peak may 
be omitted. Minor cheliped usually inactive. Body 
raised anteriorly as its posterior part is tilted down, 
through bending of ambulatories. Duration at low 
intensity about 3 seconds including a 1 second pause 
at wave's peak; at high intensity each wave, the peak 
pause being absent, lasts at least 2 seconds. Pauses 
between waves in a series range from practically none 
to 1 second. (Component nos. 4, 5, 6, 10.) (Cf. von 
Hagen, 1970.3.) 
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Chimney Construction 

Large, well-constructed chimneys were found in the 
population at the mouth of the San Juan River, 
Venezuela, and only there. As usual, only a small 
proportion of the population had erected chimneys. 
A number of pairs of contiguous structures were 
seen, with a large male and female in each pair; 
sometimes the individuals sat in rest position on the 
structure's broad lip, or partially leaned against its 
base. The majority of chimneys were separated from 
neighboring structures and seemed to belong to large 
females that were often ovigerous. No waving males 
were seen in this population, which was visited only 
once, in April. The largest chimneys measured about 
63 mm high by 50 mm across the widest part, those 
of smaller crabs being in proportion. 

It is possible that some very large mounds are con
structed by members of the Pacific subspecies, the 
occupants of which have not yet been collected and 
identified. 

Acoustic Behavior 

Two usual components were observed and tape-
recorded in Trinidad, in both field and laboratory. 
These were the major-merus-rub and major-manus-
drum (component nos. 1, 9 ) . In addition membrane 
vibrations (no. 13) were observed and tape-recorded 
in the laboratory (p. 484). This is the only species in 
which this very distinct response has been surely de
tected. Patterns of striae in the membrane at the 
bases of both chelipeds are clearly visible in life and 
in fresh dead specimens; they do not however pre
serve well in either formalin or alcohol. 

Tape recordings were made of the species in Trini
dad by von Hagen also (1967). 

R A N G E 

Western Atlantic: From Tampico in Mexico at least 
to the state of Rio de Janeiro in Brazil, including 
Guatemala, British Honduras, Venezuela, Guyana, 
and Surinam, as well as in the West Indies, Santo 
Domingo, Puerto Rico, Guadeloupe, Dominica, To
bago, and Trinidad. According to Luederwaldt 
(1919.2), the species was taken farther south, in 
Iguape in the State of Santa Caterina; his specimens 
have not been reexamined, however, and perhaps 
should be referred instead to mordax, burgersi, or 
rapax. Eastern Pacific: From San Bias (Tepic) in 
Mexico to Puerto Pizarro in Peru. 

BlOTOPES 

In partly shaded mud, near mouths of streams on flat 
banks, close to mangroves, sometimes well back from 
streams, or rivers in damp mud among tall man

groves and ferns; as usual, however, with Uca habi
tats, sunlight does reach the mud at some times of the 
day. Sometimes the species occurs close to or slightly 
beyond the upstream limit of mangroves, among 
grasses. (Biotope nos. 9, 12, 14.) 

SYMPATRIC ASSOCIATES 

Sometimes vocator mingles marginally with other 
Minuca including burgersi, which typically lives in 
habitats both more saline and more open than does 
vocator, occasionally individuals are found in popu
lations of rapax in the Atlantic and galapagensis in 
the Pacific but this habitat is not their usual one. I 
have not observed vocator in association with either 
mordax or brevifrons. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given in 
Appendix A, p. 602.) 

Observations and Collections. Western Atlantic: 
Guatemala: Puerto Barrios. Puerto Rico: San Juan. 
Venezuela: near Maracaibo (Zulia); mouth of San 
Juan River and at Pedernales (Monagas). Trinidad. 
Guyana: Georgetown. Eastern Pacific: Nicaragua: 
San Juan del Sur. Costa Rica: Negritos I.; Golfito. 
Ecuador: Puerto Bolivar. 

Film. Pedernales and Golfito. 

Sound Recordings. Trinidad. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca vocator (Herbst, 1804) 

As stated by Holthuis (1959.2: 273), "Unfortu
nately, the type specimen of Cancer vocator is no 
longer extant, as Dr. H.-E. Gruner of the Berlin 
Zoologisches Museum was so kind to inform me (1 
December 1958, in litt.)." Holthuis, on the basis of 
Herbst (1804) p. 1, PL 59, Fig. 1, decided that there 
was little doubt but that Cancer vocator is identical 
with Uca murijecenta Crane, 1943, and that a long 
series of specimens collected in Surinam should be 
referred to the same species. I agree without reserva
tion with Holthuis' conclusion. Herbst's type locality: 
"Das Vaterland ist Amerika." 

From the Surinam series Holthuis selected a neo-
type of U. vocator (Herbst), as follows: 

NEOTYPE. In Rijksmuseum van Natuurlijke Historie, 
Leiden. Cat. no. D 12329. Type-locality: shore of 
Suriname River near "Purmerend" plantation, 
Leonsberg, N. of Paramaribo, Surinam (1 April 
1957), L. B. Holthuis no. 1208. Carapace breadth 
26 mm. (!) 
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Type Material, of Uca murifecenta, Crane, 1943. In 
Smithsonian Institution, National Museum of Natu
ral History, Washington: holotype: no. 137424 (for
merly New York Zoological Society cat. no. 42167); 
paratypes: no. 137425 (formerly New York Zoologi
cal Society cat. no. 42417). Type-locality: near 
mouth San Juan R., Venezuela. Holotype illustrated 
by photos (Crane, 1943.1, PI. 1, Figs. 1,2; gonopod 
of non-type material [Text Fig. Id, e, f] shows nei
ther the spine at flange base nor the flanges them
selves adequately). (!) 

Uca vocator ecuadoriensis Maccagno, 1928 

TYPES. 2 young males from Esmeraldas, Ecuador, in 
Museo di Torino. Described as Uca ecuadoriensis by 
Maccagno from material considered by Nobili 
(1897) to be a variety of Gelasimus vocator. Cara
pace lengths about 4 and 7 mm. There seems to be 
no need for selecting one of these immature examples 
as a lectotype for the subspecies; the juvenile cheli-
ped is well illustrated by Maccagno (1928: 49, Fig. 
32). (!) 

Type Material of Uca schmitti Crane, 1943. In 
Smithsonian Institution, National Museum of Natu
ral History, Washington, cat. no. 80451 (holotype 
male); type-locality San Bias, Tepic Territory ( = 
Nayarit), Mexico; also 22305 (3 male paratypes 
from type-locality); illustrated by photos in PI. 1, 
Figs. 1 and 2 in Crane, 1943.1: 31-32. Additional 
paratypes: 1 young male (USNM 137421, formerly 
New York Zoological Society cat. no. 381116) from 
San Juan del Sur, Nicaragua; 1 male (USNM 
137423, formerly New York Zoological Society cat. 
no. 381117) from Negritos I., Costa Rica; 1 male 
(USNM 137422, formerly New York Zoological So
ciety cat. no. 381118), from Golfito, Costa Rica. In 
Museum of Comparative Zoology, Harvard Univer
sity, Cambridge, Massachusetts, cat. no. 5892, part 
(paratype male), from Acapulco, Mexico. The gon
opod illustrated in Crane, 1943.1, Text Fig. Id, c, f) 
was done from non-type material, depicts propor
tions found in young rather than adults, and does not 
show the spine at base of anterior flange, the exist
ence of which had not then been discovered. In all 
4 specimens from the type-locality the spine is nota
bly long and slender. (!) 

Type Material of Uca lanigera von Hagen, 1968. In 
Rijksmuseum van Naturalijke Historie, Leiden: hol
otype male, cat. no. 23049, and paratypes, cat. no. 
D 23050. This material from Puerto Pizarro, Peru, 
falls within the range of variation of the Pacific sub
species, established from other material. Von 
Hagen's Text Fig. 10a, b (p. 423), illustrating gono
pod tips from Peru and Guatemala, respectively 
(the latter identified as U. schmitti), show two of the 
characteristic variables—the size of the spine at 

flange base, and the length and breadth of the inner 
process; the latter is strongly dependent on the size 
of the crab. The carapace pile in Text Fig. 5 (p. 413) 
shows the pattern at its best preserved. (!) 

Uca (Minuca) vocator vocator 
(Herbst, 1804) 
(Tropical western Atlantic) 

M O R P H O L O G Y 

With the characteristics of the species. 

Major Cheliped. Antero-dorsal margin of merus 
marked by a row of parallel rugosities, obliquely set, 
low and tuberculate. 

Ambulatories. Pile absent in female. 

Gonopod. Anterior flange much broader than poste
rior; tubercle near anterior flange small, almost ad
joining base. 

Gonopore. Anterior rim of gonopore usually absent, 
sometimes vestigial. 

Uca (Minuca) vocator ecuadoriensis 
Maccagno, 1928 
(Tropical eastern Pacific) 

M O R P H O L O G Y 

With the characteristics of the species. 

Major Cheliped. Antero-dorsal margin of merus 
marked by a row of small, sharp tubercles or serra
tions, their apices directed distally. 

Ambulatories. Pile sparsely present in female, includ
ing sometimes on lower surface of manus; often ab
sent, apparently due to abrasion; in northern popula
tions usually missing on lower surfaces of manus and 
carpus even in males. 

Gonopod. Differs from that of vocator vocator in 
having anterior flange only slightly wider than poste
rior; differs further in having tubercle at base of 
anterior flange larger and exceedingly variable. The 
range is from small to large in basal diameter, and 
from short to long and sometimes very slender. It is 
usually longer than in v. vocator and sometimes sep
arated farther from flange's base. Considerable varia
bility occurs within populations and appears only 
partly associated with the size of the crab; in the 
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limited material at hand I have not found reliable 
geographic differences. 

Gonopore. Anterior rim of gonopore present at least 
externally, but poorly developed. 

REFERENCES AND SYNONYMY 

Uca (Minuca) vocator (Herbst, 1804) 

TYPE DESCRIPTION. See under U. (M.) vocator voca
tor, below. 

Uca (Minuca) vocator vocator 
(Herbst, 1804) 

Cancer vocator 

TYPE DESCRIPTION. Herbst, 1804: 1; PI. 59, Fig. 1. 
"Amerika." 

Goneplax vocator 

Latreille, 1817.1: 17. Reference to illustration of 
type of Cancer vocator. 

Uca mordax (not Gelasimus mordax Smith) 

? Rathbun, 1902.1: 7. Puerto Rico. Taxonomy. 
Rathbun, 1918.1: part, at least including PI. 134, 

Figs. 3, 4 (photos). British Honduras: Belize. (Re-
identification on basis of pile apparent on carapace; 
in agreement with suggestion of Holthuis, 1959.3 and 
Chace & Hobbs, 1969. One male from Belize in
cluded under USNM 21373 (!) and listed by Rath
bun proves to be an example of vocator and is in
cluded in Appendix A. The same catalogue number 
is given in the caption to PI. 134. Accordingly, there 
seems to be no doubt remaining on the identity of 
the specimen illustrated. 

Uca murifecenta 

Crane, 1943.2: 38; Text Figs. Id, e, f; PI. 1, Figs. 
1, 2. Type-locality: near mouth of Rio San Juan, 
Venezuela; also from other Venezuelan localities. 
Type description. Color; general habits. (USNM !) 

Uca vocator 

? Moreira, 1901: 52. Brazil: northern part and 
near Rio de Janeiro. Taxonomy. 

? Luederwaldt, 1919.1: 370, 384, 398. Brazil: 
Santos. Brief taxonomy. 

? Luederwaldt, 1919.2: 435. Brazil: State of Sao 
Paulo south to Iguape. 

? Luederwaldt, 1929: 54. Brazil: State of Sao 
Paulo: Sao Sebastiao I. 

Holthuis, 1959.3: 269; Text Figs. 66 (after 
Herbst), 67 (ambulatories); Pis. 14, Fig. 1 and 15, 

Fig. 1 (photos). Selection of neotype from Surinam; 
taxonomy; habitat. (Leiden !) 

von Hagen, 1967.2. Trinidad. Tape recordings 
secured. (Preliminary statement.) 

Chace & Hobbs, 1969: 217; Text Figs. 73g, h, i, 
j , and 74. Dominica. Distribution; taxonomy; color; 
habitat. 

von Hagen, 1969; text figs. Trinidad. Eggs taken 
by poecilid fishes and grackles. 

von Hagen, 1970.1: 225. West Indian distribu
tion. 

von Hagen, 1970.3: 238; text figs. Trinidad. Dis
play and courtship in relation to a habitat where veg
etation obscures vision; use of models; sound pro
duction; design for crabbery. 

von Hagen, 1970.4; text figs. Trinidad. Adapta
tion to a particular intertidal level. 

Uca (Minuca) vocator ecuadoriensis 
Maccagno, 1928 

Gelasimus vocator (Herbst) var. 

Nobili, 1901.3: 49. Ecuador: Esmeraldas. Tax
onomy. 

Uca ecuadoriensis 

TYPE DESCRIPTION. Maccagno, 1928: 49; Text Fig. 
32. Described from Nobili's material (above). Stands 
as type description of the subspecies. (Torino, part 
!) 

Uca mordax (not Gelasimus mordax Smith) 

Rathbun, 1918.1: 391 (part). Mexico: Tepic 
Territory: San Bias. Includes type material of U. 
schmitti. (USNM !) 

Crane, 1941.1: 176 (part); Text Figs. 2, 3, 4e. 
Includes type and other material of U. schmitti. 
(USNM !) 

Uca schmitti 

Crane, 1943.1: 31; Text Fig. 1; PL 1, Figs. 1, 2. 
Mexico: Tepic Territory: San Bias (holotype and 
3 paratypes); other material from Mexico, Nica
ragua, Costa Rica. Type description. (USNM !) 

Garth, 1948: 60. Colombia: Humboldt Bay. 

Uca lanigera 

von Hagen, 1968.2: 421; Text Figs. 2, 3, 10a. 
Peru. Type description. Color. (Leiden !) 
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28. UCA (MINUCA) BURGERSI HOLTHUIS, 1967 

(Tropical and subtropical western Atlantic) 

PLATE 24 E-H. 

FIGURES 26 F; 31 H; 54 G; 66 F; 100. 
MAP 12. 
TABLES 9, 10, 12, 20. 

INTRODUCTION 

Until its recent description by Holthuis, specimens 
of this widespread and very common species, Uca 
burgersi, were usually identified as U. mordax. Al
though minor morphological differences and distinct 
ecological preferences were sometimes apparent, the 
characteristics were all so variable that there was 
overlap in at least parts of the ranges, and no division 
into two species seemed practical. The difficulties 
extended then, and still do, even to their waving dis
plays, which in the details so far known are indistin
guishable; even the morphology of the gonopods is 
such that the two forms cannot be decisively identi
fied by that means; their geographical ranges coincide 
throughout the latitudes inhabited by one of them, 
the other extending farther to both north and south; 
finally, during the entire extent of the coincidence, 
there are no definite ecological barriers between the 
two, displaying adults occasionally being found in the 
closest sympatry. Fortunately, Holthuis discovered a 
single character—a minor difference in pile distribu
tion on the ambulatories—that extends to all known 
individuals of the two species. In addition, even in the 
several instances I have found of fully sympatric as
sociations there is no trace apparent of hybridization; 
furthermore, in each of these areas the local popula
tions of each form are otherwise quite easily distin
guished from each other by additional characters, 
particularly by details of palm armature. These facts 
call for specific status for each form. When their 
physiologies and ethologies become better known, 
the puzzling aspects of their evolution and the main
tenance of their present barriers will no doubt be 
clarified. 

Throughout the West Indies U. burgersi is prob
ably the most common fiddler, its only possible nu
merical rival being rapax, a member of the same 
subgenus. In populations that include waving indi
viduals, the two are easily distinguished in the field 
by the display alone; the cheliped of burgersi usually 
makes only 3 or 4 jerks during its rise, while that of 
rapax customarily makes at least 8 and usually more; 
in both species individuals making occasional dis
plays having more or fewer jerks than are character

istic of their species are always in a small minority 
and easily discounted by the observer. In addition, 
the major manus, and sometimes the carapace, of 
some individual burgersi in most populations are 
pink to bright red, while no tints or tones of red are 
found in rapax, the manus usually ranging from 
grayed yellowish to a dull orange. 

While he was observing burgersi on the Caribbean 
island of St. Martin, Dr. P. W. Hummelinck (per
sonal communication, with photographs) found some 
individuals moving about and even displaying when 
completely submerged in the shallow water of a stor
age tank for seawater, their movements in and out 
of it being unimpeded. 

One hot July noon on the nearby island of St. 
Thomas, I found a somewhat similar situation. Here 
a mangrove-edged lagoon, practically enclosed, in
cluded a broad and muddy beach. At low tide fiddler 
burrows were everywhere. But I saw only one crab 
and, upon digging carefully, could find none in the 
burrows. Then I looked out to the water's edge and 
saw the crabs in thousands, clinging motionless in 
clusters to stones and driftwood; most of the crabs 
were fully submerged. When I took my shoes off to 
wade I understood the reason; the mud was hot 
enough to fry the proverbial egg, while the water it
self was only tepid. The crabs proved to be mostly 
immature specimens and small adults of both sexes; 
none was ovigerous and none was waving. When dis
turbed each fiddler merely dropped to the bottom and 
scuttled to the nearest stone or another piece of 
wood; with a little care a handful could be scooped 
up at once. This kind of seaward migration, which 
I have seen in no other fiddler, seemed obviously to 
be a very local means of dealing with excessive heat. 
The shores of the same lagoon adjoining the broad 
stretch of muddy beach were exactly similar except 
that the mangroves came close to the water, leaving 
only a narrow strip of mud. Even though this mud 
was also unshaded, it was conspicuously cooler than 
that of the broad beach. Here, although no crabs 
were on the surface, the burrows proved to be in
habited, these fiddlers having escaped the midday 
heat in the usual way by sitting at the bottom of their 
holes. 
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MORPHOLOGY 

Diagnosis 

Front very broad. Major cheliped with proximal pre-
dactyl ridge on palm diverging strongly from ad
jacent groove at least in lower part. 2nd and 3rd 
ambulatories in both sexes without pile on ventral 
side of manus. No pile on hepatic and branchial re
gions. Oblique, tuberculate ridge on major palm 
moderately developed, but tubercles small and not in 
a single row; upper center palm with large tubercles. 
No crest of graduated tubercles, diminishing distally, 
on outer tip of pollex. Gonopod with inner process 
not tumid, narrow, leaving entire anterior flange un
covered. Gonopore with a single, small tubercle. 

Description 

With the characteristics of the subgenus Minuca (p. 
154). 

MALE 

Carapace. Front contained about 3 times in carapace 
breadth between antero-lateral angles. Upper pos-
tero-lateral stria long and strong. No pile on hepatic 
and branchial regions. Only distal edge of eyebrow 
is beaded. Inner as well as outer suborbital crenella-
tions not usually obscured by setae and pile. 

Major Cheliped. Manus with tubercles of upper, 
outer surface small. Inner edge of dorsal margin 
sometimes marked with a distinct row of tubercles. 
Ventral, marginal keel with surmounting tubercles 
usually developed, although they are sometimes ab
sent and the keel and adjacent groove themselves 
may be obsolescent; sometimes the keel is traceable 
only proximally, being continued to pollex base as a 
faint row of irregular tubercles. Palm with oblique 
ridge well developed, the apex always highest, cov
ered with small tubercles that usually extend partway 
up distal margin of carpal cavity beyond apex; some
times a single row is distinguishable along crest of 
ridge, especially near apex; sometimes no linear 
order is apparent. Near oblique ridge, center palm is 
more or less minutely tuberculate, moderately high 
throughout, usually flat or sometimes with a slight 
depression between the distinct distal border of car
pal cavity and the moderate hollow at base of pol
lex. Upper part of center palm usually with a group 
of large, distinct, rounded tubercles with which 
merges the ventral end of the strongly down-
curving beaded ridge which, as usual, forms dorsal 
margin of carpal cavity; the tubercles extending up 
from apex of oblique ridge may or may not reach 
this cluster of center palm tubercles. Predactyl area 
distinctly concave, but not set sharply off, by differ
ences in plane, from the tuberculate center palm. At 

dactyl base, the proximal ridge always has well-de
veloped tubercles, set almost contiguously, as on a 
beaded ridge, at least in its median region; the ridge 
always diverges widely from the vertical at the level 
of the dactyl's lower edge; then it usually either 
curves gradually in its upper portion back toward the 
dactyl base or, often, parallels the base in an almost 
or entirely vertical line; in some individuals it con
tinues to diverge, however, in its initial proximo-
dorsal direction, throughout its length. 

Ambulatories. Meri of 2nd and 3rd ambulatories 
scarcely enlarged, their dorsal margins slightly con
vex to almost straight. Pile present only on dorsal 
surfaces of carpus and manus of first 3 legs; it is al
ways altogether absent from ventral margins, includ
ing that of manus. 

Gonopod. Anterior flange much broader than poste
rior. Inner process variable in width and length, 
usually not completely covering anterior flange and 
usually projecting minutely beyond pore; anterior 
flange scarcely or slightly produced. Thumb well de
veloped, but does not reach base of flange. 

FEMALE 

Ambulatories with distribution of pile as in male, 
including its complete absence on lower margin of 
manus. Suborbital crenellations not stronger than in 
male. Gonopore with posterior margin slightly raised, 
variable, but not forming a definite tubercle. Meri of 
3rd and 4th ambulatories scarcely expanded, their 
dorsal margins almost as straight as in male. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male 
(Fortaleza, Brazil) 

Moderate male 
(Fortaleza, Brazil) 

Largest female 
(Fortaleza, Brazil) 

Largest (ovigerous) 
female (Br. Honduras) 

Small ovigerous 
female (Br. Honduras) 

13.0 

10.0 

13.5 

15.0 

10.5 

19.0 

14.0 

18.5 

20.0 

14.0 

33.5 

17.0 

-

-

-

23.5 

10.0 

-

-

-

Morphological Comparison and Comment 

U. burgersi and mordax are so closely similar in mor
phology, as well as in behavior and habitat, that each 
would undoubtedly be considered of only subspecific 
rank if their ranges did not overlap geographically. 
Nevertheless they do overlap extensively, from Gua
temala to northern Brazil, while one of them, bur
gersi, extends from Florida to Rio de Janeiro. Fur
thermore, in the field I have twice encountered them 
where they were closely sympatric, yet proved mor-
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phologically as distinct as ever; each was in its usual 
habitat and, in one case, motion picture records were 
made of both forms, which show minor differences 
in display. These localities were the north coast of 
Trinidad, at Blanchisseuse, and Puerto Barrios, Gua
temala. In each case, burgersi was found on a shel
tered, sandy mud, tidal flat, while mordax was on 
the bank of an adjacent stream, near its mouth. 

For many years the two forms have been confused 
both in the literature and in collections. More recent
ly several field workers, including L. B. Holthuis 
(1959.2), became convinced that the form now 
known as burgersi, and characteristic of the West 
Indies, is a separate species. At the time I agreed. 
Later, however, it seemed to me that the two forms 
were so much more similar than any other pairs of 
apparently justified specific rank in the genus that 
some other solution should be found. In 1967 Hol
thuis, with plentiful material, examined the entire 
question. His evidence, along with my own examina
tion of a large collection at hand, has convinced me 
of the specific distinctness of the two forms. Accord
ingly they are being given specific rank in this con
tribution. 

Their similarities, however, remain challenging: 
they would undoubtedly form an ideal pair of species 
for morphological, behavioral, and ecological com
parisons, as well as from evolutionary points of view. 
In general, burgersi is a paedomorphic form in com
parison with mordax; the fingers of the major cheli-
ped are usually slightly shorter than in mordax, the 
manus usually deeper, and pile less developed on the 
ambulatories. Above all, the armature has juvenile 
characteristics: the suborbital crenellations are not 
covered with pile and setae; the ventral margin of the 
major cheliped in general is better armed; tubercles 
of the major palm do not tend to obsolescence; the 
center of the palm is little sculptured, whereas in 
well-developed examples of mordax three large, low 
areas are separated by two high surfaces. 

Holthuis, working primarily with material from 
the Netherlands West Indies, gives 7 principal differ
ences between mordax and burgersi. When these 
characteristics were checked with specimens from 
other parts of the West Indies, from Mexico and Cen
tral America, and from South America it was found 
that only one—the absence of pile on the lower side 
of the manus on the two middle ambulatories—held 
throughout the range. It is true that when a number 
of examples of a single population are compared, the 
great majority will share most or all of these charac
teristics. However, with the single exception given, 
none of the 7 characteristics occurs in every specimen 
in a population, and some specimens show as many 
as 3 or 4 characters typically found only in the other 
species. In addition to the ventral pubescence men
tioned, the most reliable characters in moderate-sized 

specimens are as follows: first, the stronger, un-
obscured suborbital crenellations of burgersi (unre
liable in young mordax); second, the smaller, well-
separated tubercles on the proximal predactyl ridge; 
third, the rudimentary distal margin of carpal cavity 
above apex, with the well-marked trench connecting 
it with the depression at pollex base. 

There seems to be no basis on which to erect sub
species of burgersi, nor is there evidence of a cline. 
For example, in single populations as far apart as the 
Bahamas and Rio de Janeiro proximal predactyl 
ridges occur that curve strongly away from the dactyl 
base and then proceed parallel with the base above 
the initial divergence; in populations between, the 
ridge usually, but not always, curves throughout. 
Both burgersi and mordax would furnish excellent 
material for statistical work on the morphological 
differences among populations; better yet, as usual, 
would be a determined attack on genetics. 

Color 

Display lightening little developed; no white ever ap
parent. Some members of both sexes sometimes with 
carapace bright pink, or red, or marbled with these 
hues, regardless of whether the males are displaying; 
pink sometimes extends to bases of ambulatory meri; 
carapace and ambulatories in both sexes however are 
usually brownish or gray. Major cheliped rarely with 
entire merus, outer carpus, and outer manus red, the 
palm then being grayish and fingers white; usually 
only the outer manus is reddish, its shade ranging 
from bright red to light pink or pinkish orange, the 
color often grayed; fingers with at least their tips 
white. 

S O C I A L B E H A V I O R 

Waving Display 

Wave lateral, circular. Jerks present but variable 
within populations; no differences indicated from 
present knowledge of geographic variations in range 
or average numbers of jerks. The most usual in tropi
cal populations seem to be 3 to 4 on cheliped's rise 
and 2 or 3 on its descent, but the range is from 2 to 6 
on the rise and 2 to 4 on the descent. The example 
given by Salmon (1967) of a Florida specimen 
showed 5 jerks on the ascent and 4 on the descent. 
No pause at peak and almost none between waves. 
Minor cheliped makes a corresponding motion. Body 
held high on extended ambulatories during waves of 
a single series. One or 2 ambulatories, especially on 
minor side, raised during display. Any special char
acteristics of high intensity courtship have not yet 
become evident. Duration of waves ranging from 
about 5 to about 8 seconds, the usual duration being 
between 6 and 7. (Component nos. 5, 6, 9, 11, 12.) 
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Acoustic Behavior 

Bubbling (component no. 12, p. 484) was seen, 
heard, and tape-recorded in Trinidad, both in the 
field and laboratory. It was performed strictly in re
sponse to the experimentally forced entry of a con-
specific of either sex into its burrow. Salmon (1967) 
obtained oscillograms of leg-wagging (component 
no. 5) of males at night at the entrances to their 
burrows. Von Hagen (1967.2) in a preliminary state
ment also reports obtaining recordings of sound pro
duction in Trinidad. 

R A N G E 

Western tropical and subtropical Atlantic from Day-
tona on the east coast of Florida in the United States, 
Mexico, Central America, the West Indies, and South 
America as far as Sao Paulo, Brazil. No records from 
the Gulf of Mexico except near Progreso, Yucatan. 
Possibly reaches western Africa (p. 327). 

BlOTOPES 

Sheltered flats or sloping banks of mud or muddy 
sand, near mouths of streams, or, more often, along 
the shores of lagoons and estuaries, usually near 
mangroves, sometimes on edges of coconut groves; 
characteristically well sheltered from open seawater, 
although always exposed to strong tidal influence; 
sometimes the mouths of the burrows are covered 
only at spring tides; never found upstream near man
grove limits. In Florida burgersi occurred in greatest 
numbers associated with U. rapax above the high-
tide level and in the shade of mangrove thickets (Sal
mon, 1967: 450). (Biotope nos. 9, 11, 12.) 

S Y M P A T R I C A S S O C I A T E S 

Often found close to populations of rapax, although 
the latter usually occur nearer the open sea, probably 
in more saline situations, and the species usually 
mingle, if at all, only peripherally. The few small 
groups of mordax found close to burgersi occurred 
slightly more inland, along drainage ditches in Trini
dad and Guatemala, the more numerous burgersi 
here occurring along small, almost enclosed lagoons 
between the ditches and the seashore. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 603.) 

Observations and Collections. United States: Fort 
Lauderdale (Florida). Guatemala: Puerto Barrios. 
West Indies: Puerto Rico, St. Thomas, Guadeloupe, 

Barbados, Tobago, Trinidad. Venezuela: Turiamo 
(Aragua). Brazil: Sao Luiz; Fortaleza; Sao Salva
dor; Rio de Janeiro. 

TYPE MATERIAL AND NOMENCLATURE 

Uca burgersi Holthuis, 1967 

HOLOTYPE. In Rijksmuseum van Natuurlijke Histo
ric, Leiden. Cat. no. Crust. D. 23012. 1 male, length 
12 mm, breadth 18 mm. Type-locality: Plantage 
Knip, Westpunt, Curacao, Netherlands Antilles; 15 
December 1956; leg. A.C.J. Burgers and L. B. Hol
thuis (L. B. Holthuis no. 1023). (!) 

Type Material of Gelasimus affinis Streets, 1872. Not 
now in Academy of Natural Sciences, Philadelphia, 
but syntypes in Leiden. Holthuis (1967: 53) dis
cusses the history of this name as follows; I agree 
with his conclusions. "These specimens forming Lot 
753 of the Philadelphia Museum, were labelled 'Uca 
vocator v. Martens.' It is evident that when Kingsley 
studied the Uca material of the Philadelphia Museum 
for his 1880 revision of the genus, he removed 
Streets's original label of Gelasimus affinis and re
placed it by his own new label bearing the name 
Gelasimus vocator. Kingsley (1880: 147) namely 
placed Gelasimus affinis Streets in the synonymy of 
Gelasimus vocator (Herbst), incorrectly using the 
author's name Von Martens for the latter species. 
Rathbun (1918: 391) included Gelasimus affinis 
Streets with some doubt in the synonymy of Uca 
mordax (Smith) and indicated the types as being not 
extant. Kingsley's changing of the labels of the type 
lot evidently led her astray. 

"The rediscovery of Streets's types removed any 
doubt about the identity of his Gelasimus affinis, and 
consequently I used that name in my papers of 
1959. Subsequently, however, I found that the name 
Gelasimus affinis Streets, 1872, is preoccupied by 
Gelasimus affinis Guerin, 1829. Guerin's name ap
pears only in the legend of Plate 1 of the Crustacean 
part of Duperrey's 'Voyage autour du monde . . . sur 
la corvette . . . La Coquille . . . ,' which was pub
lished in 1829 (see Holthuis, 1961). In his text, 
which was published as late as 1838, Guerin placed 
his Gelasimus affinis in the synonymy of Gelasimus 
tetragonon (= Uca tetragonon [Herbst]), where it 
has been left by all subsequent authors. There can be 
no doubt that, although Gelasimus affinis Guerin, 
1829, is a junior subjective synonym of Cancer tetra
gonon Herbst, 1790, it is an available name, and be
ing a senior primary homonym of Gelasimus affinis 
Streets, 1872, invalidates the latter name. As no 
other name is available for Streets's species, the new 
name Uca burgersi is now proposed here for it." See 
also present study, p. 322. 



172 U. (MINUCA) BURGERSI 

REFERENCES AND SYNONYMY 

Uca (Minuca) burgersi Holthuis, 1967 

Gelasimus affinis 

Streets, 1872: 131 (not Gelasimus affinis Guerin, 
1829; see p. 322, present contribution). West Indies: 
St. Martin. 

Gelasimus vocator (not Cancer vocator Herbst) 

Kingsley, 1880.1: 147 (part). 

Uca minax (not Gelasimus minax LeConte, 1855) 

Rathbun, 1897.2: 27. Jamaica: Kingston Harbor. 
(USNM!) 

Uca mordax (not Gelasimus mordax Smith, 1870) 

? Pearse, 1916: (part) 532, 554. Colombia: Santa 
Marta, at mouth of Manzanares River. Habitat. 
(Synonymy suggested on basis of habitat.) 

Rathbun, 1918.1: 391 (part). West Indian rec
ords (part). ? Liberian record. (Not Text Fig. 
166, nor PI. 134, Figs. 3, 4.) (USNM, part !) 

Beebe, 1928: 59-66. Haiti. Courtship; habitat. 
(USNM !) 

Maccagno, 1928: 46 (part). West Indies records. 

Oliveira, 1939.1: 138. Rio de Janeiro, Brazil. Tax
onomy; habitat. 

Crane, 1957 (part). Western Atlantic. Prelimi
nary classification of waving display. 

Salmon, 1967. U.S.A.: Florida. Local distribution; 
courtship, including waving display and sound pro
duction. 

Uca affinis 

Holthuis, 1959.2: 76. West Indies. 
Holthuis, 1959.3: 265, 266. Suriname. Taxonomy 

(distinguished from U. mordax). 
von Hagen, 1967.2. Trinidad. Tape-recordings 

secured. (Preliminary statement.) 

Uca burgersi 

TYPE DESCRIPTION. Holthuis, 1967: 52. Curacao. 
(Leiden !) 

Salmon & Atsaides, 1968.2: 634. Mention of 
sound production, in reference to Salmon, 1967. 

Chace & Hobbs, 1969: 207; Text Figs. 70, 71a-d. 
Dominica. Taxonomy; color; ecology. 

von Hagen, 1970.4. Trinidad. Adaptations to a 
particular intertidal level. 
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29. UCA (MINUCA) [MINAX] MORDAX (SMITH, 1870) 

(Tropical western Atlantic) 

PLATE 25 A-D. MAP 12. 
FIGURES 67 F; 100. TABLES 9, 10, 12, 20. 

INTRODUCTION 

Although large populations of Uca mordax apparent
ly live only far upstream in tropical rivers, a few in
dividuals sometimes mingle with or adjoin popula
tions of burgersi and rapax in lagoons and estuaries 
close to the open sea. 

The species has the broadest front in the entire 
genus, a fact which is a reminder that we still do not 
have any idea of the adaptive value of wide fronts, 
since their increase, particularly in Minuca, is neces
sarily at the expense of the length of the eyestalks 
(p. 452). 

The puzzling relationship of mordax to burgersi is 
reviewed as a whole on p. 168ff. 

M O R P H O L O G Y 

Diagnosis 
Very close to U. burgersi (p. 168), from which it can 
be invariably distinguished only by the persistent 
presence of pile completely covering in both sexes 
the manus of 2nd and 3rd ambulatories. 

Description 
As in burgersi except for the following characteris
tics. As discussed on p. 170, none of them, with the 
exception of a detail of pile distribution, always oc
curs in every specimen. 

MALE 

Carapace. Inner suborbital crenellations usually very 
small and largely or wholly obscured by pile and 
setae on orbit's floor and on suborbital region; outer 
crenellations clearly visible, but usually slightly 
smaller than in burgersi, with both pile and setae 
more profuse. These distinctions apply poorly to 
smaller specimens, or when individuals of mordax 
are compared to those of burgersi that live in habi
tats muddier than usual. 

Major Cheliped. Manus with ventral, marginal keel 
usually weaker than in burgersi, more often obso
lescent, and with tubercles on it usually found only 
in the young. Palm with tubercles of oblique ridge 

never in clearly linear order, largely lacking in many 
large specimens; they always end in a small cluster 
slightly beyond the high apex and do not clearly con
tinue up around distal edge of carpal cavity, although 
this edge sometimes has one or two small separated 
tubercles. The edge in moderate and large specimens, 
however, is always extremely low, almost absent, and 
marks the proximal end of a deep trench which ex
tends disto-ventrally across the center palm to end 
in the depression at pollex base; in small specimens, 
even with fingers already longer than the palm, the 
trench is scarcely to be distinguished from the lesser 
depression found in burgersi. Center palm tubercles, 
in trench, numerous, few, or absent. The tubercles of 
upper palm are usually not as large as in burgersi; 
the ventral end of the beaded edge curving down 
from dorsal margin in many specimens turns sharply 
distally; it then extends across upper margin of the 
group of upper palm tubercles as a distinct short row, 
rather than merging with the group at its ventral end, 
as in burgersi; when present, this is an excellent char
acter for the identification of mordax, but it is often 
absent or indistinct. Predactyl area excavate, particu
larly in large specimens, bent at a sharp angle to cen
ter palm, so that, in effect, the submarginal region of 
palm is distally partly flattened; in smaller specimens 
this character is unreliable. At base of dactyl, the 
proximal ridge always has tubercles smaller and more 
separated than those characteristic of burgersi (but 
not invariably found in that species), while in typical 
mordax the ridge diverges from the vertical through
out its length; again, exceptions occur, for in some 
individuals the ridge curves or is straight, after the 
initial divergence, much as in burgersi. 

Ambulatories. Pile always present, strongly attached, 
on ventral margin of manus at least on 2nd and 3rd 
legs; this is the only character which the present 
material shows to be completely reliable, in distin
guishing mordax from burgersi. In juvenile crabs pile 
develops on dorsal surface of manus before it appears 
ventrally. The distribution of pile in mordax in detail 
is as follows, in specimens where it is apparently un
damaged and of maximum distribution: on first 3 
legs, dorsal margins of meri and carpi, and all sur-
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faces of mani; 4th leg with pile on same surfaces, but 
less extensive. 

Gonopod. Inner process sometimes narrower and 
more pointed than in burgersi, while anterior flange 
does not project so far. As in all related species, how
ever, these characters are variable in both burgersi 
and mordax. 

FEMALE 

Ambulatories with pile on ventral margin of manus 
appearing as reliably as in males. Suborbital crenella-
tions little or not at all stronger than in males, so that 
it forms a usually good supplementary character dis
tinguishing mordax from burgersi. Two groups of 
small tubercles dorsally on carapace, one behind each 
antero-lateral angle. Gonopore with a tubercle, very 
small but always distinct. 

Measurements (in mm) 

Largest male (Caripito) 
Largest male cotype 

(Belem) 
Moderate male (Caripito) 
Largest female 

(ovigerous) 
Smallest ovigerous 

female (Pedernales) 

Length 

16.5 

16.5 
14.0 

15.5 

8.4 

Breadth 

25.5 

24.5 
21.0 

23.0 

13.0 

Propodus 

50.5 

44.0 
39.0 

-

-

Dactyl 

35.5 

32.0 
27.0 

-

-

Morphological Comparison and Comment 

The close similarities between mordax and burgersi 
have already been discussed (p. 170), as have its dis
tinctions from vocator, summarized on p. 164 as well 
as in the key (p. 631), and the diagnoses. From 
rapax, the only other species in its range with which 
it might be confused, mordax is as usual notable for 
the pile in both sexes on the ventral side of the manus 
on the 2nd and 3rd ambulatories; in addition, the 
front is broader and, on the major palm, the proxi
mal predactyl ridge diverges from the adjacent 
groove instead of running clearly parallel to it 
throughout. 

From minax and brevifrons, the temperate Atlan
tic and tropical Pacific members of the superspecies, 
mordax and burgersi in the tropical Atlantic differ 
principally in the following general characteristics: 
degree of delicacy of integument and slenderness of 
appendages, mordax and burgersi occupying an in
termediate position between the fragile, leptochelous 
brevifrons and the heavy-set minax; obliqueness of 
orbits, which are more slanted in mordax and bur
gersi than in either of the other species; details of 
armature of major manus; and degree of pilosity of 
ambulatories, there being most in mordax and least 
in brevifrons. 

Color 

Displaying males: Display whitening sometimes de
veloped slightly, never strikingly. Carapace ranging 
from gray to yellowish gray to grayish white. Major 
cheliped: Usually yellowish except for white fingers. 
Minor cheliped with white fingers. Ambulatories 
brownish except, sometimes, for pale bluish on ante
rior sides of meri and sometimes of other segments. 
Females brownish. 

SOCIAL BEHAVIOR 

Waving Display 
(Observed but not filmed at Caripito, Venezuela; ob
served and filmed, but at low intensities only, in rainy 
weather, at Puerto Barrios, Guatemala.) 

Wave lateral, circular at least at high intensities. 
Jerks present, numbering 3 to 4 during rise and an 
equal number during descent. No pause at peak. 
Minor cheliped makes a corresponding motion dur
ing each wave. Body held high during a series of 
waves, and during each wave one or two ambula
tories of either or both sides are raised and kicked 
outward at wave's apex. Duration of single waves 
about 5 seconds at low intensities but much faster, 
as little as 2 seconds, at highest courtship intensity; 
at these times each wave is followed by rapid vibra
tions of the 3rd, or 2nd and 3rd, ambulatories on 
each side, not distinguishable in the field notes from 
the acoustical leg-wagging now familiar in many 
species; the observed vibrations occurred definitely in 
connection with high intensity courtship, not agonis
tic behavior. Normally there is no pause between 
waves of a series; at highest intensity, however, a 
single wave, followed by these vibrations, is in turn 
followed by a period of motionless posing with the 
cheliped pointed straight overhead. These high in
tensity elements were seen during a number of ob
servation periods at Caripito, the populations appar
ently being then, between February and April, at the 
peak of their breeding season. Unfortunately the very 
few individuals that have been observed waving since 
then were all in very small groups near the sea and 
displayed at low intensity only; none of the few re
sultant films and notes distinguish them adequately 
from the corresponding stages of burgersi. (Com
ponent nos. 5, 6, 9, 11, 12.) 

RANGE 

Tropical western Atlantic. Because of frequent con
fusions with vocator, burgersi, and rapax, mordax is 
known with certainty only from the following loca
tions. All are continental, not West Indian, with the 
exception of Trinidad, which is geologically a portion 
of South America and where, in any case, the species 
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is rare. Guatemala: Puerto Barrios; Nicaragua: 
Greytown; Colombia: Turbo; Venezuela; Trinidad: 
in northern and northeastern swamps; Guyana: 
Georgetown; Surinam; Brazil: several localities from 
Belem to Estado Sao Paulo, near Cananeia. (This 
southernmost record fide Gerlach, 1958.1; his mate
rial was identified by Bott.) 

BlOTOPES 

Only two large populations have been found, both on 
mudflats along the shores of large, tidal rivers; the 
largest groups were above the levels of mangroves 
where the water is practically or wholly fresh. One 
was at Belem, the type locality, and the other at Cari-
pito, Venezuela. The few other records are all from 
near the mouths of rivers, and only a few individuals 
were found in each. It seems likely that the young 
during the swimming stages are not usually pelagic 
and that the majority may even develop far upstream. 
(Biotope nos. 11, 12, 14, and, especially, 15.) 

S Y M P A T R I C A S S O C I A T E S 

In optimum habitats upriver, mordax is the only Uca. 
Its occasional occurrence near the sea is usually in 
association with burgersi and rapax. In Puerto Bar
rios, Guatemala, mordax, burgersi, and rapax all oc
curred at one end of the town, but the small popula
tion of mordax, which included several displaying 

REFERENCES AND SYNONYMY 

Uca (Minuca) mordax (Smith, 1870) 

Gelasimus mordax 

Smith, 1869.1: 35. Para, Brazil. Name only. 

TYPE DESCRIPTION. Smith, 1870: 135; PI. 2, Fig. 3; 
PI. 4, Figs. 4, 4a. Canals at Para ( = Belem), Brazil. 
(MCZ!) 

Uca minax (not Gelasimus minax LeConte) 

? Pearse, 1916 (part) : 532, 554. Colombia: Santa 
Marta; specimens from Punta Guesa. Habitat. (Syn
onymy suggested on basis of habitat.) 

Uca mordax 

Rathbun, 1918.1: 391 (part); Text Fig. 166 
(claw after Smith); not PL 34, Figs. 3, 4. Not most 
localities. (USNM, par t ! ) 

Crane, 1943.1: 31; Text Figs, la-c; PI. 1, Figs. 3, 
4. Taxonomy. 

males, was farthest inland; that of burgersi came 
next, and then, closest to the bay, were large numbers 
of rapax, the three species maintaining in miniature 
their usual ecological relations to one another. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 604.) 

Observations and Collections. Guatemala: Puerto 
Barrios. Venezuela: San Juan R., at Caripito and 
near its mouth (Monagas); Pedernales (Monagas). 
Trinidad: near Blanchisseuse (north coast); near 
mouth of Oropouche R. (east coast). Guyana: 
Georgetown. Surinam: near mouth of Marawyne R. 
Brazil: Belem. 

Films. Puerto Barrios. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca mordax (Smith, 1870) 

TYPE MATERIAL of Gelasimus mordax. In Museum 
of Comparative Zoology, Harvard University, Cam
bridge, Massachusetts. Cotypes: no. 5882; 7 males, 
5 females. Type-locality: canals at Para ( = Belem), 
Brazil. October 1858. Collected by Caleb Cook. Re
ceived from Peabody Academy of Sciences, Novem
ber 1885. Measurements on p. 174. (!) 

Crane, 1943.2: 37: Eastern Venezuela. Taxono
my; color; waving display; habitat. (USNM !) 

Crane, 1957 (part). Guatemala, Venezuela. Pre
liminary classification of waving display. 

Gerlach, 1958.1: 672. Brazil: Estado Sao Paulo 
(near Cananeia). 

Holthuis, 1959.3: 262; Text Figs. 64a, b, c; PL 
xiv, Fig. 2; PL xv, Fig. 2. Suriname (many locali
ties). Taxonomy (including distinctions from Gelasi
mus affinis Streets, described by Holthuis 1967 as 
Uca burgersi); habitat. 

Barnwell, 1963. Ulus. Brazil. Endogenous daily 
and tidal rhythms of melanophore and motor activ
ity. 

von Hagen, 1967.2. Trinidad. Tape-recordings 
secured. (Preliminary statement.) 

von Hagen, 1970.4. Trinidad. Adaptations to a 
particular intertidal level. 
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30. UCA (MINUCA) [MINAX] MINAX (LE CONTE, 1855) 

(Temperate western north Atlantic) 

PLATE 25 E-H. MAP 12. 
FIGURES 67 D; 81 K; 100. TABLES 9, 10, 12, 20. 

INTRODUCTION 

This large fiddler, Uca minax, is more completely 
confined to the temperate zone than any other mem
ber of the genus, since even the ranges of pugnax, 
pugilator, and arcuata extend into the subtropics of 
Florida and China. For this and other reasons minax 
would repay more special study than it has yet re
ceived. For example, the crabs seem to be as well 
adapted to fresh water as their close allopatric rela
tions, mordax, in the rivers of the tropical Atlantic 
mainland, and brevijrons in the tropical Pacific; yet, 
of the three, only the integument of brevijrons is par
ticularly fragile, while that of minax is notably thick 
and tough. Of special interest, as usual, would be a 
study of its social behavior in comparison with that 
of other temperate or partly temperate members of 
the genus, including tangeri. All of these species so 
far studied, through the work of Altevogt (1962, 
1964.1) and von Hagen (1962), as well as that of 
Salmon and his associates (e.g. Salmon & Stout, 
1962; Salmon, 1967; Salmon & Atsaides, 1968.2 and 
refs.), show that these northern populations have 
nocturnal breeding behavior well developed, with 
acoustical components, and sometimes special acous
tical behavior takes place by day in localities where 
the vision of individuals is obscured by vegetation. 

Such a study will not be easy in minax. The pop
ulations are most widespread in large marshes and it 
is there, accordingly, that the social structure can be 
expected to be most characteristic of the species. 
These areas of course are usually not conveniently 
explored except by boat, and a boat, it has always 
seemed to me, is to be avoided whenever possible for 
fiddler study. At worst it limits personal movement 
and at best it is a nuisance that has to be tied up, 
anchored, or otherwise dealt with at crucial moments 
of observation. Again, because of intervening vege
tation, the smaller movements of the crabs during 
waving display and, doubtless, of sound production 
are often obscured. Furthermore, except at intervals 
controlled by rhythms so far undetermined, individ
uals seem to devote almost as little time to waving as 
do some of the Indo-Pacific Deltuca. The large size 
of minax is another characteristic that interferes with 
ethological study in such a lethargic species, since 
territories are larger than in, for example, pugnax, so 

that even with good visibility fewer displaying males 
can be observed at once; finally, the breeding season, 
as is unfortunately always the case in temperate lati
tudes, is frustratingly short. 

Because the species is still available and even 
plentiful conveniently near to a number of biological 
stations on the eastern seaboard of the United States, 
the outlook is hopeful that some of the desirable eth
ological and physiological work on this species may 
soon be undertaken with the requisite enthusiasm. 
There is considerable need for haste, since great 
marshes still wholesome enough for minax are par
ticularly subject to all the usual hazards—pesticide 
runoffs from adjacent agricultural lands, pollution 
from factories upstream, and drainage for reclama
tion. 

MORPHOLOGY 

Diagnosis 
Front extremely broad; eyebrows almost vertical, 
widest part at least equal to diameter of adjacent part 
of depressed eyestalk, as measured through its small
er dimension. Major cheliped with outer upper half 
of manus coarsely tuberculate; proximal ridge of 
palm diverging very slightly in a straight or curved 
line from adjacent groove at base of dactyl; oblique 
ridge not especially high beside carpal cavity; center 
palm variably tuberculate. Merus of ambulatories 
slightly enlarged. Gonopod with inner process nar
row; posterior flange almost as wide as anterior. Fe
male with tubercles on carapace near antero-lateral 
angles. 

Description 

With the characteristics of the subgenus Minuca (p. 
154). Closest to burgersi, mordax, and brevijrons. 
In addition to its much larger size, it differs as fol
lows from burgersi. 

MALE 

Carapace. Front contained clearly less than 3 times 
in carapace breadth between antero-lateral angles; 
orbits scarcely oblique. Eyebrow almost vertical, 
short, and equal to or exceeding smaller dimension 



U. (MINUCA) MINAX 177 

of adjacent part of depressed eyestalk, its inner mar
gin strongly concave. 

Major Cheliped. Manus with tubercles of entire up
per half of outer surface large and outstanding, more 
so than in any other Minuca. In large specimens the 
subdorsal area is strongly bent and flattened. Ventral 
marginal keel and groove always distinct, although 
its tubercles are obsolescent or absent in large exam
ples. Palm with oblique ridge surmounted by a more 
or less regular row of large tubercles, always well de
veloped, the apex not sharply higher than rest of 
ridge; tubercles, with uncommon individual excep
tions, ending abruptly on apex, not continued upward 
around carpal cavity. Center palm near oblique ridge 
smoother than in burgersi, but tubercles of its upper 
part similar and usually conspicuous. At dactyl base, 
proximal ridge diverges only very slightly from ad
jacent groove; this diversion is usually a straight line, 
rarely a curve; the straightness in most resembles that 
of most mordax, although the tubercles of minax are 
stronger; unlike those of burgersi they are never so 
nearly contiguous as to appear beaded. Pollex with 
a variable, outer, subdistal crest about as in the 
superspecies galapagensis, but in addition with the 
most distal tooth on inner row enlarged. 

Ambulatories. Traces of pile dorsally on meri. Other
wise as in burgersi, pile on ventral margins of mani 
being absent. 

Gonopod. Posterior flange wider than in burgersi and 
slightly produced. 

FEMALE 

Dorsal part of carapace near each antero-lateral 
angle with a patch of tubercles varying in size but 
always larger than the minute granules covering other 
regions. Gonopore with only a very small posterior 
tubercle; the dome-like end of the spermatophore, 
when present, protrudes externally, filling the cavity 
and resembling a large tubercle. 

Measurements (in mm) 

Large male 
(brachychelous) 

Moderate male 
(leptochelous) 

Large female 

Length 

23.0 

18.0 
22.0 

Breadth 

33.0 

27.0 
30.0 

Propodus 

50.0 

42.0 

-

Dactyl 

33.5 

33.0 

-

Morphological Comparison and Comment 

U. minax shares with only two other fiddlers the long 
stretch of American coastline from north Florida to 
Cape Cod. It is usually distinguished at once from 
both of them, (Minuca) pugnax and (Celuca) pugi-

lator, by its much larger size, broader front, and 
shorter, wider eyebrow. In addition, minax differs 
from pugnax in the extent of the oblique ridge on 
major palm, which does not continue up around car
pal cavity. From pugilator it differs in both sexes by 
the presence of pile on the 1st, 2nd, and 3rd legs, on 
the dorsal parts of each carpus and manus; addi
tionally, the major palm in minax has a well-devel
oped oblique ridge but lacks a ridge along outer 
pollex above ventral margin. 

The tuberculation of the distal part of the pollex 
and the form of the proximal predistal ridge show 
characteristics intermediate between those of the 
superspecies, minax and galapagensis. Otherwise the 
affinities are with burgersi, mordax, and brevifrons. 

On the Gulf coast male minax can be distinguished 
at once from those of rapax longisignalis by the ab
sence of pile on the lower surfaces of the ambulatory 
carpi and mani; minax in addition is, so far as 
known, everywhere a larger species and the front is 
broader. 

Color 

Displaying males: Display whitening moderately de
veloped, the lightest color of carapace ranging from 
grayish white to dull yellowish white; frontal and eye
brow regions sometimes dull orange; middle of car
diac region sometimes with a red spot; major cheli
ped entirely grayish orange to dull yellowish white 
except for distal and proximal margins of segments, 
especially at junction of carpus with manus, which 
are usually edged narrowly with red; minor cheliped 
with carpus, manus, and chela white; ambulatories 
dark. Female similar to male. 

S O C I A L B E H A V I O R 

Waving Display 

Wave lateral, weakly circular. Cheliped on rise usual
ly makes 1 to 3 jerks, sometimes none; on the de
scent jerks are always present and number about 3 
to 6, usually 4; the direction of the wave is often 
outward, with little rise; during a series, cheliped 
does not return to ground. During each wave minor 
cheliped makes a corresponding motion that is un
usually vigorous for this appendage and often even 
includes jerks; very often the motion is strikingly un-
sychronized with that of the major, descending, for 
example, as the major rises. During a series body is 
raised on extended anterior ambulatories, while the 
posterior legs are bent, especially when the display 
is directed toward an individual behind the waving 
fiddler; the carapace is thus presented almost verti
cally and the high reach of the cheliped—never at 
these times unflexed outward—increased. One or 
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both middle ambulatories are often raised on each 
side and waved but not, unlike high intensity in mor-
dax, vibrated. A single series of displays may con
tinue for minutes at a time, but the time between 
series is indefinite and usually prolonged. Any high 
intensity components of advanced courtship remain 
unknown. Duration of a single wave about 2 to 3 or 
more seconds. (Component nos. 5, 6, 9, 11, 12.) 

Hood Construction 

During the summertime minax builds semi-circular 
hoods beside the entrance to a burrow. Long known 
as "ovens" to naturalists and fishermen, they have 
not yet been described in detail. 

RANGE 

Temperate western Atlantic along the eastern and 
southern coasts of the United States, from the south
west shore of Cape Cod (Silver Springs) to north
east Florida, and on the coast of the Gulf of Mexico 
from Yankeetown in northwest Florida (Salmon, 
1967) to Louisiana. A few specimens from the Gulf 
states, including Texas, have been referred in the 
past to minax, usually tentatively (e.g., Rathbun, 
1918.1), which proved on reexamination to be ex
amples of rapax longisignalis or pugnax virens. The 
single locality record (MCZ 5900) from Key West 
is questionable. 

BlOTOPES 

Marshes threaded by streams, both close to the sea 
and farther inland, the water ranging from brackish 
to fresh but always subject to tidal influence; the bur
rows occur both in the muddy banks of the marsh 
creeks and among vegetation, Spartina and Salicor-

REFERENCES AND SYNONYMY 

Uca (Minuca) minax (LeConte, 1855) 

Note. U. minax is one of the species of Uca that has 
been used occasionally in laboratory investigations 
of endogenous rhythms. Key references appear on p. 
448. 

Gelasimus minax 

TYPE DESCRIPTION. LeConte, 1855: 403. U.S.A.: 
New Jersey. (Philadelphia !) 

Smith, 1870: 128; PI. 2, Fig. 4; PL 4, Figs. 1, la, 
lb. Taxonomy. 

Verrill, 1873: 337, 467, 545. U.S.A.: Massa-

nia, and freshwater herbs on top of the banks. (Bio-
tope nos. 14, 15, 16.) 

SYMPATRIC ASSOCIATES 

None of the other temperate American Uca occur 
so far inland, in almost or completely fresh water, 
and it is in such marshes that the largest populations 
congregate. Occasionally, however, minax, especially 
when immature, is found in higher salinities scattered 
among pugnax and even, wholly atypically, pugila-
tor. In certain juxtapositions of sheltered marsh and 
adjacent inlet with shores of both mud and sand, the 
three northern species sometimes live close together 
in moderate numbers, but with little or no peripheral 
mingling. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 604.) 

Observations and Collections. Connecticut; New 
York (Long Island); New Jersey. 

Film. New Jersey (kindness of Dr. Don C. Miller). 

T Y P E MATERIAL AND NOMENCLATURE 

Gelasimus minax LeConte, 1855 

TYPE MATERIAL. In Academy of Natural Sciences, 
Philadelphia: cat. no. 3581. 2 males, 1 female. Dried. 
Poor condition. Since at present the identity and 
characteristics of the species are not in question, 
there seems to be no need for selecting a lectotype, 
or,« possibly, neotype. The specimens are labeled 
"Dennis Creek, N.J.," although LeConte's type-
locality is given as Beesley's Point. (!) 

chusetts. General (not local) distribution; basic 
ecology and habits (no display or combat). 

Verrill & Smith, 1874: 43, 173, 251. A reissue of 
Verrill, 1873. 

Kingsley, 1878: 321. U.S.A.: Georgia. Local 
habitat. 

Gelasimus palustris 
? Stimpson, 1859: 62 (part). Probably most of 

records in U.S.A. Taxonomy; habitat. 

Uca vocator, var. minax 
Ortmann, 1897: 353. Taxonomy. 
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Uca minax 
Rathbun, 1902.1: 583, 585. Key. Habitat noted 

to extend up rivers to fresh water. 
Rathbun, 1905: 1. Northeast U.S.A. Local dis

tribution. 
Rathbun, 1918.1: 389; PL 137. Eastern and 

southern U.S.A. Taxonomy. (USNM !) 
Hay & Shore, 1918: 451. U.S.A. North Carolina. 

Taxonomy; color; ecology; habits, including hood 
construction and breeding season. 

Hyman, 1920. Illus. U.S.A.: North Carolina. Post-
embryological development. 

Hyman, 1922. Illus. U.S.A.: North Carolina. Hab
its, including spawning. 

Pearse, 1928: 23Iff. U.S.A.: North Carolina. 
Ecology; tests on toleration of desiccation and fresh 
water. 

Maccagno, 1928: 48; Text Fig. 31 (claw). 
U.S.A.: Virginia. Taxonomy. (Torino !) 

Gray, 1942. U.S.A.: Maryland. Color; ecology; 
habits. 

Crane, 1943.3: 220; Text Fig. lb. U.S.A.: north
eastern states. Taxonomy; color; waving display. 

Crane, 1957. U.S.A.: New Jersey. Preliminary 
classification of waving display. 

Teal, 1958. U.S.A.: Georgia. Local distribution; 
ecology; experiments on tolerances for different 
foods, temperatures, and salinities, as well as on sub
strate preferences; comparisons with sympatric spe
cies. 

Teal, 1959. U.S.A.: Georgia. Respiration and its 
relation to ecology. 

Miller, 1961. U.S.A.: North Carolina. Feeding 
mechanisms and adaptations. 

Miller, 1965. U.S.A.: Morphology, physiology, 
and ecology in relation to distribution. 

Salmon, 1965. U.S.A.: North Carolina. Waving 
display and sound production in courtship. 

Salmon, 1967. U.S.A.: Florida. Local distribution. 
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31. UCA {MINUCA) [MINAX] BREVIFRONS (STIMPSON, 1860) 

(Tropical eastern Pacific) 

PLATE 26 A-D. 

FIGURES 24 F-H; 30 E, F; 32 G-l; 34 C; 35 E, F; 36 D; 

37 J; 45 M-OO; 46 /; 47 C, £>; 48 C, D; 66 #; 100. 

INTRODUCTION 

Once in Costa Rica I saw a fiddler up a tree. She 
was sitting at eye level on a branch, her coral red 
carapace set off by the glossy green of a jungle vine 
behind her. Her perch was surrounded by forest, 
no stream was close by, and the shore was at least 
a kilometer away. She was the only tree-climbing 
Uca I ever saw. The fact that the forest had been 
soaked the night before by the first heavy rains of the 
season helps explain the crab's location, as does the 
preference of Uca brevijrons for water apparently 
wholly fresh. One small group was collected more 
than 5 kilometers from the coast, in hilly country, 
far above tidal influence. 

The fragility of the carapace and appendages in 
this species may be due to the low mineral content 
of the water, the structure of the integument in the 
genus—unlike that of pseudothelphusids, for exam
ple—being perhaps poorly adapted for non-marine 
habitats. 

The species' social behavior remains wholly to be 
investigated. 

M O R P H O L O G Y 

Diagnosis 

Front very broad. Major cheliped with proximal pre-
dactyl ridge on palm diverging from distal ridge; 
oblique tuberculate ridge vestigial in lower portion, 
but very high at apex; upper, distal beaded ridge that 
usually bounds carpal cavity vestigial to absent, the 
cavity continuing as a trench into predactyl area; dis
tal half of pollex with a series of enlarged teeth. No 
pile dorsally on carapace and very sparse on ambu
latories which, in male, are notably slender. Gono-
pod without tooth or spine at base of anterior flange, 
which is very wide on the outer side, due to tor
sion, and strongly concave. Gonopore usually with 
one small tubercle on anterior lip. 

Description 

With the characteristics of the subgenus Minuca (p. 
154). Closest to burger si, mordax, and minax. The 
great height of its oblique ridge on palm, the obso-

MAP 13. 
TABLES 9, 10. 

lescent beaded edge bounding upper carpal cavity, 
the enlarged serial tubercles on pollex, the slender 
legs, and minimal pile make it less similar to these 
Atlantic species of the superspecies than they are to 
each other. In more detail, it differs as follows from 
burgersi. 

MALE 

Carapace. Eyebrow more strongly bent in proximal 
portion, though not as much as in minax; the distal 
part is slightly concave and projecting, bringing into 
prominence the strong beading of the edge; proximal 
margin a smooth ridge, as in the other members of 
the superspecies, but stronger, while the postorbital 
depression is deeper than usual. Postero-dorsal mar
gins of carapace relatively weak, as are the postero
lateral striae and vertical lateral margin of carapace. 
Floor of orbit and suborbital region in large speci
mens with profuse setae which nearly obscure the 
weak inner suborbital crenellations, and among 
which the stronger external group only partly 
emerge; in this character brevijrons approaches mor
dax, rather than burgersi or minax. 

Major Cheliped. Keel and groove along ventral mar
gin of manus obsolescent. Palm with oblique ridge 
low near pollex, but elsewhere very high, narrow, 
highest at apex, and, except near pollex, surmounted 
by a single row of tubercles; these tubercles continue 
barely over peak of apex, stopping abruptly at or be
fore end of ridge at carpal cavity; distal margin of 
carpal cavity low and blunt; center palm smooth and 
flat or slightly convex between carpal cavity and hol
low at base of pollex; upper part of carpal cavity with 
low tubercles, usually less distinct than in burgersi. 
Predactyl area consisting of an elongate depression, 
smooth or with scattered tubercles, its breadth 
diminishing distally, completely confluent with upper 
carpal cavity, as in some Celuca; beaded inner edge 
of proximal dorsal margin, so characteristic of 
Minuca and Celuca, is either absent in brevijrons or 
represented by a short minutely beaded edge which 
does not curve downward; more distal portion of in
ner, dorsal margin not distinctly bounded, there be
ing no trace of the row of tubercles above the pre
dactyl area, often present in burgersi and others of 



the superspecies. Proximal ridge at dactyl base di
verging from distal in an approximately straight line, 
the degree of divergence being less than in burgersi 
and mordax, but slightly more than in minax; tuber
cles smaller than in most burgersi, never contiguous. 
Pollex in distal half with about 6 to 8 enlarged tuber
cles, well separated; an equivalent row, less enlarged, 
usually present in distal part of dactyl; these are in 
addition to the usual two teeth that often divide the 
dactyl into thirds. Dactyl with proximal subdorsal 
groove usually either short or weak, the dorsal tuber
cles poorly developed; inner surface of dactyl with 
a faint, broad depression; a similar one on pollex is 
shorter, being a continuation of the depression at 
base of pollex. 

Ambulatories. Meri notably more slender than in 
burgersi and the related species. Pile much sparser, 
though traceable in same areas as burgersi, and as in 
that species wholly absent from lower side of manus. 

Gonopod. Tip strongly bent over, especially in large 
individuals. Torsion moderate, so that anterior flange 
in position is slightly the more posterior. Inner proc
ess somewhat tumid proximally, especially in large 
specimens, similar to its appearance in vocator but 
not distally truncate; instead, it tapers distally to a 
rounded tip which alone is freely moveable; process 
does not project beyond pore and does not cover 
anterior flange. No tooth or spine, characteristic of 
vocator, at base of flange. Anterior flange very wide, 
strongly concave on the side directed posteriorly, and 
distally truncate; truncation more or less oblique, the 
highest part being adjacent to pore and extending 
beyond it little or not at all; posterior flange very 
narrow, its free side diminishing distally in width, to 
end against pore in an edge either obliquely truncate 
or pointed. Thumb in large specimens in contact with 
inner process; in all specimens it reaches flange base 
or somewhat farther. 

FEMALE 

Carapace dorsally with an elongate group of tuber
cles bordering each antero-lateral margin; merus of 
4th ambulatory very slender, its dorsal margin 
straight. Gonopore usually with one small tubercle 
on anterior lip. When spermatophore present, two 
conspicuous tubercles project, the larger posterior, 
the anterior small and slender. 

Measurements (in mm) 

Largest male 
Moderate male 
Largest female 
Ovigerous male 

Length 

20.0 
15.5 
19.0 
15.0 

Breadth 

28.0 
23.0 
27.0 
20.5 

Propodus 

55.5 
30.5 

Dactyl 

41.0 
22.0 
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Morphological Comparison and Comment 

The absence of the down-curving, beaded edge sub-
dorsally on the major palm is the most useful, single 
character for diagnosis, readily separating male bre-
vijrons from other Pacific Minuca. A general com
parison with the Atlantic relations of brevifrons is 
given on p. 174. 

Color 

Two males and one female, alive and recently caught 
in different localities, were dissimilar. Males: Cara
paces, respectively, dark brown and reddish brown 
with fine, black marblings; major cheliped brown to 
orange pink, one or both fingers orange, finger tips 
white; upper ambulatories like carapace. Female: 
carapace and upper parts of appendages bright coral 
red (orange red) except for white finger tips. 

R A N G E 

Tropical eastern Pacific from Todos Santos Bay, 
Lower California, to Darien in Panama. 

BlOTOPES 

Muddy and clayey banks of freshwater and brackish 
streams, close to water level; also, as described in the 
introduction to the species, taken above tidal levels 
and, once, in wet forest, 1.5 meters above the ground 
and many meters from the nearest stream. (Biotope 
nos. 14, 15.) 

M A T E R I A L R E S U L T I N G F R O M F I E L D W O R K 

(The complete list of specimens examined is given in 
Appendix A, p. 604.) 

Observations and Collections. Mexico: Puerto Ange
les. Costa Rica: Port Parker; Gulf of Nicoya; Uvita 
Bay; Golfito; Parida I. (Observations minimal.) 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Gelasimus brevifrons Stimpson, 1860 

HOLOTYPE. Not extant. Type-locality: Lagoon at 
Todos Santos near Cape San Lucas, Lower Califor
nia. 

Additional type material. In Museum of Compara
tive Zoology, Harvard University, Cambridge, Mas
sachusetts: cat. no. 1332: 1 female, length 17 mm 
from "type lot," from Smithsonian Institution; Cape 
San Lucas, Lower California; collected by John 
Xantus. Specimen fragile, but shows described char
acteristics of female brevifrons well, including those 
of gonopore with attached spermatophores. (!) 
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Type of Uca brevijrons var. delicata Maccagno, chelous form of the major cheliped, illustrated by 
1928. In Regio Museo Zoologico di Torino. One Maccagno in Text Fig. 33, falls within the range of 
male, from Rio Lara, Darien, Panama. The lepto- variation found in the present material. (!) 

REFERENCES AND SYNONYMY 

Uca (Minuca) brevijrons (Stimpson, 1860) 

Gelasimus brevijrons 

TYPE DESCRIPTION. Stimpson, 1860: 292. Mexico: 
Cape San Lucas, Lower California. 

Smith, 1870: 131. Taxonomy of type. 
Lockington, 1877: 147. Mexico: Magdalena Bay, 

Lower California. 
Pesta, 1931: 180. Costa Rica. 

Gelasimus vocator (not of Herbst) 

Nobili, 1897: 3. Panama: Darien: Rio Lara. 
(Torino !) 

Uca brevijrons 

Holmes, 1904: 308; PL 35, Figs. 1-5. Mexico: 
San Jose del Cabo, Lower California. 

Rathbun, 1918.1: 395; PL 139 (photo). Eastern 
Pacific. Taxonomy. (USNM !) 

Crane, 1941.1: 177 (part); Text Figs. 4f, 5; PL 
7, Fig. 35. Mexico, Costa Rica, Panama. Taxonomy; 
color; habitat. (Not 1 male, cat. no. 381,120, from 
San Juan del Sur, Nicaragua nor 1 male, cat. no. 
381,122 part, from Port Parker, C.R.) (USNM !) 

Garth, 1948: 60. Panama: Pifias Bay. (AMNH !) 
Holthuis, 1954.1: 41. El Salvador. Habitat. 
Holthuis, 1954.2: 162. El Salvador. 

Uca brevijrons var. delicata 

Maccagno, 1928: 51; Text Fig. 33. Type descrip
tion of new variety from specimen referred by Nobili 
(1897) to Gelasimus vocator. (Torino !) 
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32. UCA (MINUCA) [GALAPAGENSIS] GALAPAGENSIS RATHBUN, 1902 

(Tropical eastern Pacific) 

PLATE 26 E-H. MAP 14. 
FIGURES 67 A, B; 100. TABLES 9, 10, 12, 19, 20. 

INTRODUCTION 

E/c<z galapagensis has long been better known under 
the early name of macrodactylus. As with a number 
of species in its subgenus, its morphological idiosyn
crasies have led to cumulative confusions. On the one 
hand, its variability and changes during growth in
vited nomenclatural splitting. On the other, valid spe
cies distinctions, as well as bases for subspecies, ap
pear minor and difficult to recognize without series 
of specimens which were usually unavailable to 
workers in the group; these conditions led to confu
sions with other species. 

U. galapagensis is morphologically so similar to 
rapax, its close allopatric relation in the tropical At
lantic, that single examples of the two species, even 
when examined under the microscope, can easily be 
confused if the investigator is not right in the middle 
of extended work on the group. The similarities also 
include general characteristics of waving display, ab
sence of structure-building activities, and selection of 
biotopes. The relationship is in fact undoubtedly so 
close that there would be justification for considering 
the two forms as transisthmian subspecies, as has 
been done with thayeri, maracoani, and vocator. The 
wide distribution, variability, abundance, and famili
arity of rapax, along with its continuing taxonomic 
difficulties, seem to make this course undesirable in 
the present state of our knowledge. In this contribu
tion, therefore, with a certain lack of logic full specific 
rank will be maintained for galapagensis and rapax. 

The limited information now at hand shows clear 
differences in the waving displays of the two sub
species of galapagensis here recognized. A compari
son of these displays with those of related Uca in 
each locality can be expected to show that, as in some 
other allopatric groups sufficiently well known, the 
display differences distinguish each subspecies from 
the displays of its close sympatrics, which differ 
somewhat in the two ranges. Our knowledge of the 
species, as well as that of its close relations, is still 
insufficient for further useful discussion of this prob
lem. Concentration on the Minuca in only several lo
calities would certainly lead to excellent results, even 
if waving display alone were adequately explored. If 
combat behavior were simultaneously investigated, 
we would have a good chance of understanding some 

of the most basic factors in the evolution of this tax-
onomically irritating subgenus. 

MORPHOLOGY 

Diagnosis 

Front only moderately wide, clearly less than one-
third carapace width. Major cheliped with proximal 
and distal ridges inside dactyl base parallel, the prox
imal not diverging; oblique tuberculate ridge on palm 
strong throughout, usually with tubercles in a double 
row for a short distance toward middle; apex high; 
carpal cavity cut off from predistal area by a down-
curving, beaded margin; several distal tubercles on 
pollex forming a small crest. Gonopod with inner 
process narrow. Carapace without pile dorsally. 

It differs from its closest relations, rapax and pug-
nax, both in the Atlantic, as follows: from rapax in 
having the center palm tuberculate to various ex
tents but never almost smooth, in the continuation 
of the tubercles of the oblique ridge upward around 
carpal cavity, in having postorbital groove on cara
pace moderately, not scarcely, developed; and in hav
ing upper margin of merus on 2nd ambulatory not 
strongly convex. From pugnax it differs in having 
the oblique ridge on palm with a high apex, the post-
orbital groove on carapace moderately strong, and 
the upper margin of 2nd ambulatory not practically 
straight in the middle. Finally the female differs from 
that of the other two species in having no tubercle 
beside the gonopore. 

Description 

With the characteristics of the subgenus Minuca (p. 
154). 

MALE 

Carapace. Front contained about 3.5 times in cara
pace breadth between antero-lateral angles. Orbits 
scarcely to moderately oblique and lateral margins 
little to moderately convergent. No pile on antero
lateral region, but sometimes a few small tubercles. 
Eyebrow broader than in related Atlantic species. 
Beading of distal margin only of eyebrow distinct, 
that of proximal edge being faint to absent. Suborbi-
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tal crenellations well formed throughout, not ob
scured by the sparse setae; pile absent. 

Major Cheliped. Manus with tubercles of upper, 
outer surface usually moderately enlarged, but some
times smaller and fewer in large specimens. Palm al
ways with oblique ridge high and marked with large 
tubercles. The row is clearly linear, but most speci
mens have an irregularity toward middle of ridge, 
usually a slight break with the proximal part of the 
row continuing above the distal part, so that they 
overlap for the space of one to several tubercles, 
forming a short double row; apex sometimes strik
ingly high, sometimes slightly lower than the ad
jacent, more distal tubercles; always, however, apex, 
ridge, and tubercles are notably strong; tubercles on 
apex either single or in a small cluster; they con
tinue, reduced in size, variable, and usually well sep
arated upward around distal edge of carpal cavity; 
tubercles of center palm moderate in size and num
ber, variable, but never large and crowded, some
times almost lacking in large specimens; beaded inner 
edge of dorsal margin curving strongly downward, 
clearly cutting off carpal cavity from predactyl area, 
merging with tubercles of center palm; proximal pre
dactyl ridge parallel to adjacent groove, not at all 
divergent, tubercles of both ridges strong except in 
some large specimens, those of proximal ridge close
ly set but not contiguous. Pollex tip with the usual 
two distal teeth enlarged, one from outer row, one 
from inner; however, no third tooth, subdistal to 
them and marking end of median row, gives the trifid 
effect found in most Minuca; instead, near its end the 
median row in effect swerves outward, the external 
row being there interrupted and absent proximal to 
the small distal tooth; the median row now consists 
of 3 to 4 much enlarged tubercles, the most proximal 
always largest except where there are 4 in the series; 
then usually the next to the proximal is largest; all 
are conspicuous, contiguous or nearly so, and give 
the effect of a toothed crest. 

Ambulatories. Meri of 2nd and 3rd ambulatories 
moderately enlarged, the dorsal margins slightly con
vex to almost straight. Pile present or absent on dor
sal surfaces of carpus and manus of first 3 legs; it is 
always altogether absent from ventral margins, in
cluding that of manus. 

Gonopod. Inner process not at all tumid, narrow, lit
tle tapering, the tip rounded, reaching almost to or 
just beyond pore, not at all covering anterior flange, 
usually lying more or less obliquely against posterior 
flange and canal. Anterior flange either slightly 
broader or slightly narrower than posterior, not 
strongly curved, its distal edge ranging from pro
duced and spinous to truncate; no tooth at base of 
flange. Thumb usually reaching to or beyond base of 
flange, but in smaller specimens not attaining it. 

FEMALE 

Pile as in males. Gonopore rim without tubercle. 

Measurements (in mm) 
Length Breadth Propodus Dactyl 

galapagensis herradurensis 
(Panama) 
Longest male 16.0 23.0 33.0 
Male with largest claw 14.5 23.0 40.0 
Large male 14.5 22.0 36.0 
Largest female 10.0 - -

galapagensis galapagensis 
(Puerto Bolivar) 
Largest male 14.5 22.0 (claw broken) 
Large males 14.0 21.0 37.0 

13.0 20.0 30.0 
(Galapagos, fide Garth, 
1946) 
Largest male 14.5 22.1 38.6 28 
Largest female 13.5 19.6 

Note. The above figures indicate that, contrary to 
Bott's suggestion, the relative breadths of the cara
pace in the two forms are similar, when crabs of com
parable lengths are considered. 

Morphological Comparison and Comment 

The first paragraph under the heading Diagnosis 
summarizes the points by which galapagensis can 
most readily be distinguished from other broad-
fronted species from the eastern Pacific, particularly 
its closest Pacific relations—vocator, brevifrons, and 
zacae. The second paragraph indicates the apparent 
scarcity of reliable morphological differences between 
galapagensis and the Atlantic members of its super-
species—rapax and pugnax. 

It is of interest to note that the differences between 
the two subspecies of galapagensis, as will be appar
ent under the descriptions of the two forms, are 
slightly more extensive than those between galapa
gensis and its transisthmian allopatric, rapax. Fur
thermore, the northern subspecies, g. herradurensis, 
appears even more similar to rapax than does g. 
galapagensis. 

Apparently no long series of specimens from the 
Galapagos has yet been preserved. Such a collection 
would be of special interest because of the evidence 
given below that some individuals from those islands 
show resemblances to both subspecies. Also, the 
Galapagos specimens examined were all smaller than 
those on the mainland, although the major chelipeds 
showed proportions characteristic of larger crabs in 
Ecuador. 

Of the two subspecies, g. herradurensis has a more 
juvenile form, in particular with the carapace less 
arched, and less adapted therefore for water conser-
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vation. The crabs I collected in both localities in 
Ecuador came from a much drier habitat than did 
those in Panama and Costa Rica, and in Ecuador 
alone their disappearance underground during neap 
tides was established. 

The form of the gonopod in this species, as is often 
the case in Minuca, makes an unsatisfactory taxo-
nomic character, particularly when only several spec
imens are available from a given population. Not 
only is the gonopod variable, but the distal part of 
the anterior flange, which is diagnostic in distinguish
ing the subspecies, seems subject to breakage, pos
sibly even during copulation. 

A principal source of taxonomic confusion in the 
past has been the degree of obliqueness in the orbits, 
those in juveniles being markedly slanting, while in 
large adults the orbits and fronts make an almost 
straight transverse line. From time to time in the lit
erature, therefore, the young have not only been con
sidered different species or subspecies from adults 
but they have been confused with U. zacae. Differ
ences between young galapagensis and zacae are 
listed on p. 207. 

Color 

Display whitening moderately to strongly developed, 
sometimes preceded by an orange phase. 

SOCIAL BEHAVIOR 

Waving Display 

The following account is derived, first, from von 
Hagen's analysis (1968.2: 420) of a film made by 
R. Altevogt at Guayaquil, Ecuador; from my field 
observations made in Puerto Bolivar, Ecuador; and, 
third, from my field observations and films made in 
Golfito, Costa Rica. Also at hand for comparison is 
a film made by I. Bauman in the Galapagos; except 
as noted below details requisite for special comment 
do not show in the low intensity waves of the filmed 
example. For details of subspecific differences in dis
play see pp. 187, 188, and 658 (Table 20). 

Wave lateral, weakly circular, the circularity often 
apparent only at high intensities. Jerks present on 
both rise and descent of cheliped except at lowest 
intensity in Puerto Bolivar, where none was detected; 
in some of the field observations in Costa Rica the 
jerks were barely detectable to the eye, but all 
showed up clearly during film analyses; in Bauman's 
Galapagos film they are scarcely indicated. Jerks on 
the cheliped's rise ranged from 1 to 2 in the southern 
subspecies to 4 to 8 in the north, with fewer on the 
descent. A strong pause, of variable duration, at apex 
of wave in the southern subspecies is present in all 
intensities; at highest intensity the cheliped tip 
vibrates during the pause (von Hagen). In the north

ern subspecies there is no pause at apex, but, instead, 
a definite double peak with jerks between them. In 
the Galapagos film there is no trace either of a double 
peak, a pause, or vibration at the apex. In neither 
subspecies is the cheliped brought to ground between 
waves of a series except, in the southern form, at high 
intensities where it lands in front of usual position 
and returns to place through several small, jerky mo
tions (von Hagen). Minor cheliped makes a corre
sponding motion not well synchronized with wave 
and sometimes (Crane films and observations) show
ing 2 circular motions of the minor cheliped to 1 
wave of the major; these motions probably involve 
sound production, as noted below under acoustic 
behavior. Body held high during waves of a series; 
sometimes only the anterior ambulatories are fully 
extended so that the carapace is held almost verti
cally. Except at lowest intensities 1 to 3 ambulatories 
on each side are raised high, but not in simultaneous 
motions, on each side with each wave; at high inten
sities their activity is such, although not in a regular 
pattern, that a rocking effect is achieved; this action 
is quite different from a curtsy, the common com
ponent attained through bending of the ambulatories; 
meanwhile several steps are usually taken from side 
to side, further enhancing the complexity of the dis
play. Curtsy component absent. Duration of a single 
wave about 1 to 2 seconds. (Component nos. 5, 6, 
9, 11, 12; timing elements in Table 19, p. 656.) 

Acoustic Behavior 

Analyses of films made in Golfito, Costa Rica, 
showed the following components: major-merus-rub 
(component 1), minor-merus-rub (2), and leg-wag
ging (5). All were closely associated with some of 
the waving displays previously described, at times 
when the individuals were showing signs either of 
agonistic behavior toward another male or of aware
ness of disturbance, apparently caused by the prox
imity of the camera. These signs included above all 
frequent displacement feeding and displacement 
cleaning. 

RANGE 

Tropical eastern Pacific, certainly from Los Blancos, 
El Salvador, to Puerto Grande, north Peru; Galapa
gos Islands. Single, questionable specimens also 
taken in Mexico, at Guaymas in Sonora, and at 
Tenacatita Bay in Jalisco. Perhaps formerly occur
ring in Chile. 

BlOTOPES 

Mud flats near mouths of streams, near mangroves; 
also, farther upstream, on flats behind fringing man-
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groves; sometimes on large flats of muddy sand, 
flooded only at spring tides and inhabited by no other 
species of Uca. Garth (1946) writes of populations 
in the Galapagos: "U. galapagensis Rathbun thrives 
equally well in a pinkish muck at Charles Island or a 
red-orange gumbo at South Seymour Island. The 
Academy Bay specimens, living in gray mud, attain 
the greatest size." (Biotope nos. 11, 12, 14.) 

S Y M P A T R I C A S S O C I A T E S 

Other Minuca with which galapagensis regularly as
sociates consist of vocator ecuadoriensis and zacae. 
In Costa Rica it was occasionally found with two 
Celuca, latimanus, and argillicola, although the latter 
occurred in nearby shade. See also Garth's observa
tions (1946) made in the Galapagos (preceding 
paragraph). 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 605.) 

Observations and Collections. Nicaragua: Corinto; 
Panama: Old Panama; Ecuador: Puerto Bolivar; 
Guayaquil (El Salado). 

Films. Costa Rica: Golfito. Specimens filmed in the 
field, transported to and identified in Trinidad labora
tory, but died and were lost in crabberies. Identifica
tion was definite. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca galapagensis Rathbun, 1902 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Cat. no. 
22319. Individual distinguished by label: "TYPE." 
Type-locality: Indefatigable I., Galapagos. Measure
ments in mm: length 13; breadth 19.5; propodus 34; 
dactyl 24.5. (!) Additional type material, under same 
number in same jar: 5 males, lengths 8-13. (!) 

Type Material of Gelasimus macrodactylus Milne-
Edwards & Lucas, 1843. In Museum National d'His-
toire Naturelle, Paris. The two cotypes examined by 
Rathbun (1918.1) of G. macrodactylus were not 
found by me in 1959. Several boxes, including speci
mens considered by the museum to be "types non-
marques" (!), contained dried crabs in very poor 
condition, all of them labeled "Gelasimus macrodac
tylus Edwards & Lucas," and one of them had in 
addition "M. d'Orbigny-Valparaiso," the latter being 
the type-locality of the species. This specimen, how
ever, does not have the characteristics here ascribed 
to galapagensis. In addition, the correctness of the 

type-locality is questionable, since there is no later 
record of the occurrence of macrodactylus in Chile, 
except for Porter (1913); Porter's material is appar
ently not extant. The extremely poor condition of the 
Paris specimen mentioned makes it highly desirable 
to disregard it as a possible lectotype. I therefore 
agree with von Hagen (1968.2, 1968.3) who pro
poses to discard the name macrodactylus officially 
through the International Commission on Zoological 
Nomenclature, and has given his reasons in full; they 
include his conclusion that the "Valparaiso" speci
men in Paris is probably a representative of the At
lantic species rapax. The suppression of the name 
macrodactylus now makes it possible to refer a num
ber of reports of macrodactylus to galapagensis, a 
well-described species represented by a type in good 
condition. 

Uca galapagensis herradurensis Bott, 1954 

HOLOTYPE. In Forschungsinstitut Senckbenberg, 
Frankfurt a. M. One male, cat. no. 1865; La Herra-
dura, El Salvador. Measurements in mm: length 12; 
breadth 20. (!) 

Additional type material (listed in type description). 
Paratypes: cat. no. 2135; La Herradura. Juvenile 
paratype: cat. no. 1866; Alcaldia de Triunfo. 

Type Material, including holotype, of Uca macro-
dactyla glabromana Bott, 1954. In Forschungsinstitut 
Senckenberg, Frankfurt a. M. Holotype male, cat. 
no. 1842; Los Blancos, El Salvador; measurements 
in mm: length 10; breadth 14. (!) This specimen is 
a young example of U. g. herradurensis, a conclusion 
with which von Hagen, who examined the material 
independently, agrees (1968.1). The paratype mate
rial (!) includes.examples of U. zacae. 

Uca {Minuca) {galapagensis] 
galapagensis herradurensis Bott, 1954 
(El Salvador to Panama; ? Mexico) 

M O R P H O L O G Y 

Differs from g. galapagensis as follows. Carapace: 
Orbits slightly more oblique, sides of carapace and 
dorso-lateral margins more converging; sides of front 
slightly more converging; carapace less arched, "the 
regions more clearly defined; antero-lateral region 
usually with a few small tubercles; in the very dis
tinct H-form depression, pile always is found in at 
least part of the grooving; eyebrow slightly narrower. 
Major Cheliped: Apex of oblique ridge never as high 
as in large specimens of g. galapagensis; highest part 
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of ridge almost always, instead of sometimes, slightly 
distal to apex. Ambulatories: Pile always clearly 
present on dorsal parts of carpus and manus of first 
3 legs, in both sexes. Gonopod: Anterior flange with 
all of distal margin except inner edge always more or 
less produced beyond pore, sometimes strikingly so, 
when it may narrow strongly, its outer margin being 
thickened and darkly pigmented, so that it appears, 
in a superficial examination, to be a long spine. In 
some individuals the prolongation is less, but it is 
always more than the slight projection of the outer 
angle described under g. galapagensis. Posterior 
flange usually narrower than the anterior and never 
projecting beyond it; never strongly flattened. 

Atypical Individuals. One example from Corinto, 
Nicaragua, has a gonopod with a strongly truncate 
anterior flange; in other respects it is fairly character
istic of the present subspecies (NYZS 381128, part); 
since the projections are very brittle, it seems possi
ble that this truncation is unnatural. On the other 
hand, Bott's two specimens from El Salvador referred 
by him to U. galapagensis may be regarded either as 
strays from the Galapagos, or as intermediates. The 
sample collected in Panama is the only large popula
tion sample known; not one of these individuals has 
atypical gonopods, an ambiguous carapace or lacks 
pile on the legs. 

In contrast to these ambiguous specimens from El 
Salvador and Nicaragua, an example from Eden Is
land, Galapagos (USNM: formerly New York Zoo
logical Society cat. no. 2442, part) seems clearly in
termediate. On the one hand, the carapace is that 
characteristic of g. galapagensis; on the other, the 
gonopod has a strongly projecting edge to the ante
rior flange, and ambulatory pile, both characteristic 
of g. herradurensis. The specimen is included under 
the subspecies heading of g. galapagensis, in accord
ance with the usual distribution of the subspecies. 

Color 

Displaying males: At Golfito, Costa Rica, in August 
full display whitening was not observed, the lightest 
individuals being entirely pale buff. Females duller. 
No orange phases were present. 

S O C I A L B E H A V I O R 

Waving Display 

Differs from that of g. galapagensis in larger number 
of jerks, in presence of 2 peaks of the wave, each 
reaching an equally high point, the peaks being sepa
rated by a slight descent of the chela; in the absence 
of vibration during the cheliped's pause at the apex; 
and in the absence of vibration of the cheliped as it 

is brought into rest position from a more forward 
landing spot; in fact at moderate to high intensity 
the cheliped is not at all returned to the ground be
tween waves. Numbers of jerks are as follows: on 
cheliped's rise, 5 to 8; between the 2 peaks at apex: 
2 on descent, followed by an unbroken return to 
apex; jerks on final descent (completing the wave) 
ranging from none, giving an unbroken descent, to 4. 

Uca (Minuca) [galapagensis] 
galapagensis galapagensis Rathbun, 1902 
(Colombia to Peru; Galapagos Islands; 
? formerly Chile) 

M O R P H O L O G Y 

Differs from g. herradurensis as follows: Carapace: 
In all larger specimens, the orbits are scarcely 
oblique, the sides and dorso-lateral margins converge 
less as do the sides of the front, and the carapace 
clearly arches more, with the regions faintly or not 
at all indicated; in moderate-sized and juvenile indi
viduals the differences are far less apparent. Eyebrow 
broader, at least in larger individuals. Major Cheli
ped: Apex of oblique ridge sometimes, in the largest 
specimens, strikingly high, more outstanding than in 
any other species in the genus and the highest point 
of the ridge; in many smaller specimens however, 
including the holotype, the apex is slightly lower than 
the adjacent part of the ridge and not remarkable, in 
comparison with other species in the superspecies 
and elsewhere. Ambulatories: No pile ever present 
on carpus and manus. Gonopod: Most characteristi
cally both anterior and posterior flanges are sharply 
truncate, the anterior at about the level of the pore, 
the posterior slightly beyond it; the posterior is often 
notably flat and a little wider than anterior. As in 
herradurensis, however, there is a fairly wide range 
of variation; the most usual, and the only one that 
might be confusing, is the frequent very slight pro
jection of the outer distal corner of the anterior 
flange; the direction is as much outward as distal and 
it would be unremarkable were it not for the pigmen
tation of this corner, which is abruptly dark as in the 
large projection of herradurensis. 

Atypical specimens are mentioned above, under 
the description of g. herradurensis. 

Color 

Both displaying and non-displaying males achieved 
display whitening of the carapace and ambulatories 
at both Guayaquil and Puerto Bolivar in April, even 
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though few individuals were displaying at the time. 
The palest crabs were brilliant white except for the 
entire major cheliped; this appendage always ranged 
from bright reddish orange to yellow orange except 
for the fingers which were white for more or less of 
their lengths; sometimes only the tip of the dactyl 
was white. The dullest individuals of both sexes were 
highly variable, the appendages usually brown and 
the carapace brown mottled with orange or else en
tirely dull orange. From this phase the change in both 
males and females progressed to bright orange fol
lowed by a dull buff or cream phase before true white 
was attained; lightening of carapace sometimes pre
ceded and sometimes followed that of ambulatories; 
as usual many individuals remained parti-colored or 
wholly dull. Females with manus and chelae of both 
chelipeds apparently always white. 

REFERENCES AND SYNONYMY 

Uca (Minuca) galapagensis Rathbun, 1902 

TYPE DESCRIPTION. See under U. (M.) galapagensis 
galapagensis, below. 

Uca (Minuca) galapagensis 
galapagensis Rathbun, 1902 

Gelasimus macrodactylus 

Milne-Edwards & Lucas, 1843: 27; PI. 11, Figs. 
3, 3a. "Cotes de Valparaiso." Type description. 

Nicolet, 1849: 165. Chile. Taxonomy; color. 
Milne-Edwards, 1852: 149. Taxonomy. 
Smith, 1870: 128. Record of type only. 
von Hagen, 1968.3: 60. Proposed suppression of 

specific name, macrodactylus, H. Milne-Edwards & 
Lucas, 1843, as published in the combination Gelasi
mus macrodactylus, under plenary powers of Inter
national Commission on Zoological Nomenclature. 

Gelasimus annulipes (not of Milne-Edwards) 

Kingsley, 1880.1: 148 (part). G. macrodactylus 
Milne-Edwards & Lucas synonymized with G. an
nulipes Milne-Edwards, 1837. 

Uca macrodactyla 

Nobili, 1901.4: 49. Colombia: Puntilla di S. Elena, 
Tumaco. 

Maccagno, 1928: 37; Text Fig. 22 (photo of 
claw). No new record. Taxonomy of Nobili's mate
rial. 

? Porter, 1913: 316. Chile: Quintero (north of 
Valparaiso; collected in 1896). 

Garth, 1957: 106. No new record. 

SOCIAL BEHAVIOR 

Waving Display 

Differs from that of g. herradurensis in having no 
more than one or 2 jerks, on either the rise or descent 
of the cheliped, usually on both at higher intensities, 
and in the lack of 2 peaks at the wave's apex. Addi
tionally, as shown in von Hagen's analysis of high 
intensity display (loc. cit.), this subspecies differs in 
two other ways from the northern form: first, the 
cheliped vibrates during the pause at the apex of the 
wave; second, the cheliped is lowered all the way to 
the ground with each wave but to a position in front 
of the usual rest position; from there the claw is 
brought back toward the mouthparts through several 
small jerky motions. 

Uca galapagensis 

TYPE DESCRIPTION. Rathbun, 1902.3: 275; PI. 12, 
Figs. 1, 2. Galapagos Is.: Indefatigable. (USNM !) 

Rathbun, 1911: 550. Peru. Brief taxonomy; local 
distribution (by R. E. Coker). 

Rathbun, 1918.1: 403; Text Fig. 167; PI. 142. 
Galapagos Is.: James; Indefatigable; South Seymour. 
Peru: Puerto Grande, Rio Zarumilla. Taxonomy. 
(USNM!) 

Rathbun, 1924.1: 155. Galapagos Is.: Indefati
gable; James; South Seymour. 

Boone, 1927: 273 (part); Text Fig. 97 (upper 
part). Galapagos Is.: South Seymour; James; Eden. 
Not specimen from Cocos I., illustrated in lower half 
of Text Fig. 97, which should be referred to U. pana-
mensis. Specimen in upper half of Text Fig. 97 is 
young; it was referred by Crane (1941.1: 176) to 
macrodactyla, the species name now suppressed. 
Taxonomy. (USNM !) 

Sivertson, 1934: 20. Galapagos. 
Hult, 1938: 14. Galapagos. Measurements; local 

distribution. 
Crane, 1941.1: 176. No new records. Taxonomic 

comments on material listed by Boone, 1927. 
Garth, 1946: 515; PL 87, Figs. 3, 4. Galapagos 

Is.: Charles I. (Flamingo Lagoon and east of Post-
office Bay); Indefatigable I. (Academy Bay and 
Conway Bay); South Seymour I. Taxonomy; habitat. 

von Hagen, 1968.2: 415; Text Figs. 7, 8a, 8b, 17. 
Ecuador: Guayaquil; Peru: Puerto Pizarro. Taxon
omy; color; display. 

Uca galapagensis galapagensis 

Bott, 1954: 166; PI. 16, Fig. 8a, b. Peru. Tax
onomy. 

Bott, 1958: 209. Galapagos. Taxonomy. 
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Uca macrodactyla macrodactyla 

Bott, 1954: 167 (part). No new material. Tax
onomy. 

Uca (Minuca) galapagensis 
herradurensis Bott, 1954 

Uca macrodactylus 

Rathbun, 1918.1: 404 (part); PI. 143. ? Mexico: 
Guaymas (MCZ !) . Nicaragua: Corinto; Costa Rica: 
Santo Domingo. Taxonomy; food of owl {Ciccaba 
nigrolineata); mangrove habitat. (USNM !) 

? Rathbun, 1918.2: 177. Pleistocene of Panama. 
Fossil. See p. 157. (USNM !) 

Crane, 1941.1: 178. ? Mexico: Tenacatita Bay. 
Nicaragua: Corinto. (Not young Galapagos speci
men from Boone's 1927 material discussed on p. 
179.) Taxonomy. (USNM !) 

Uca galapagensis herradurensis 

TYPE DESCRIPTION. Bott, 1954: 166; Text Fig. 9; PL 
16, Fig. 9a, b. El Salvador: La Herradura. (Frank
furt!) 

Barnwell, 1968.1. Costa Rica. Chromatophoric 
responses to light and temperature. Taxonomic note 
on pp. 221-22. 

Uca macrodactyla macrodactyla 

Bott, 1954: 167 (part). No new material. Taxon
omy. 

Uca macrodactyla glabromana 

Bott, 1954: 168 (part); Text Fig. 10; PL 16, Fig. 
10a, b. El Salvador: Los Blancos and Puerto El 
Triunfo. (Frankfurt !) 

Uca herradurensis 

von Hagen, 1968.2: 417. Discussed during his 
treatment of U. galapagensis; considers U. g. herra
durensis Bott of specific, not subspecific rank. No 
new records. 
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33. UCA (MINUCA) [GALAPAGENSIS] RAPAX (SMITH, 1870) 

(Tropical and subtropical western Atlantic) 

PLATES 27 A-D; 45 C-F. 

FIGURES 52 C-DD; 54 F; 67 C; 86; 91 E, F; 100. 
MAP 14. 
TABLES 9, 10, 11, 12, 14, 15, 16, 17, 18, 19, 20. 

INTRODUCTION 

A waving male Uca rapax stands out among other 
fiddlers on any shore in his range by the numerous 
small jerks dividing the raising of his large cheliped. 
Almost always they number at least 8; sometimes 
they reach more than 30. Nothing else about his ap
pearance is striking. His carapace never changes to 
shining white; his major claw is never colorful, the 
lower manus achieving at most a rather dull orange; 
his size is small to medium; and the tempo of the 
display, especially at low intensities on chilly morn
ings, has a soporific effect on the watching ethologist. 
In fact its slowness is a distinction, since single waves 
last longer under these conditions than in any other 
species in the genus; the longest waves, in Rio de 
Janeiro during early December, at temperatures 
around 22 C, lasted up to 13 seconds each. 

Another characteristic less than stimulating to the 
worker is the fact that rapax is one of the few tropi
cal fiddlers that has a prolonged period of non-breed
ing, that is, excluding any lunar or semi-lunar 
rhythms. Even in localities where the tides cover the 
burrows regularly during the dry season, so that the 
fiddlers can feed and hence do not aestivate, the pop
ulations almost always pass through a non-waving 
period during two or three of the months having lit
tle or no rain. This appears to be true throughout the 
West Indies as well as in adjacent parts of the main
land; here from February through April waving is so 
rare that field work on the species' social behavior 
should not be scheduled. These fiddlers are also in
active in southern Florida in December, and pre
sumably throughout the colder weather farther north. 

Yet in less obvious characteristics members of the 
species are among the most remarkable in the genus. 
They are undoubtedly the most abundant neotropical 
fiddler and the most adaptable to varied biotopes. As 
with several other Uca that are outstanding in extent 
of range, numerical abundance, and ecological tol
erance, a study of their biological success would be 
illuminating. 

Perhaps their most outstanding characteristics, un
doubtedly related closely to the fact of their success, 
are those most obviously related also to their Sys
tematics. This species and its allopatric relations, in 
fact, form one of those Jeckyll-and-Hyde groups that 

delight an evolutionary biologist and give nightmares 
to a practicing taxonomist. Fortunately these days 
most workers tend to be at least a little of both, so 
people concerned with the group are unlikely to be 
unhappy all the time. 

The most widespread form, here termed a subspe
cies, Uca r. rapax, appears to be wholly recalcitrant 
to further taxonomic subdivisions; it extends, as do 
several other western Atlantic Uca, from southern 
Florida to the Tropic of Capricorn at Rio de Janeiro. 
Like most such successful forms this one is highly 
variable in details of its morphology; no evidence of 
clines has yet appeared. 

The other forms all have lesser ranges. In this 
study the group, forming the superspecies galapagen
sis, is considered to be composed of three closely 
related species—galapagensis in the Pacific, rapax 
chiefly in the tropical and subtropical Atlantic, men
tioned above, and pugnax in the temperate regions 
of the north Atlantic. In each species two subspecies 
are recognized. As already pointed out in the Intro
duction to galapagensis (p. 183) the species is 
morphologically so close to rapax that logically the 
two forms should be considered subspecies. 

In the Atlantic a zone of coincidence occurs in east 
Florida where pugnax and rapax, living on the same 
shore, apparently do not interbreed. Unfortunately 
for the taxonomist, the species characteristics of each 
are exceedingly variable, being often shared in vari
ous parts of the ranges where no coincidence occurs. 
As a result firm specific distinctions are, once again, 
difficult to erect. 

The two Gulf coast species, Uca longisignalis and 
U. virens, recently proposed by Salmon & Atsaides 
(1968.1) largely on behavioral and color character
istics, are here regarded as subspecies of rapax and 
pugnax respectively. Again, firm morphological dis
tinctions are virtually absent, while the behavioral 
and color characteristics crop up in closely similar 
or apparently identical forms somewhere in the 
ranges of the other species and subspecies of the 
superspecies; yet at present we have no evidence of 
interbreeding in the zones of overlap. 

Non-morphological peculiarities in the superspe
cies giving food for thought concerning the close re
lationships of these rather fluid forms may be item
ized as follows: 
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1. In the Pacific, U. g. galapagensis has the rare 
waving display component of a pause at the apex 
of the wave as a regular part of the display; in the 
Atlantic r. rapax, a pause occurs frequently, but 
not as a regular component, in various parts of its 
range. 

2. U. galapagensis herradurensis shows no 
pause at the apex, but a double peak there in every 
wave; this is an even rarer component than the 
pause. A similar double peak occurs very rarely in 
far separated populations of r. rapax. 

3. U. g. galapagensis during high intensity court
ship performs leg-wagging stridulation on the sur
face of the ground, a component extremely rare in 
the courtship of other species; populations of r. 
rapax in Florida perform similarly, but do not do 
so farther south. 

4. In northwest Florida and adjacent states, r. 
longisignalis in display jerks very feebly, but this 
is true also of some typical populations of r. rapax. 

5. In Texas, pugnax virens is characterized by 
relatively strong jerking and a color pattern not 
found in populations on Florida's east coast and 
adjoining states; yet stronger jerks and color simi
lar to those in Texas are found in northern popu
lations of p. pugnax. 

6. The outstanding color characters of rapax 
longisignalis in northwest Florida and nearby 
areas differ from those of Florida populations of 
r. rapax; yet in Venezuela (Turiamo) rare indi
viduals of r. rapax occur with coloring apparently 
very similar to that of longisignalis. 

Some of these points will be discussed in Chapter 
7, in the section on sympatry. 

If one were being altogether logical and if it were 
not for two locations—Yankeetown in northwest 
Florida and Crescent Beach on that state's east coast, 
where two forms coincide without interbreeding—the 
most acceptable procedure would be to call the en
tire superspecies a single species, pugnax, divided 
into 6 subspecies (galapagensis, herradurensis, rapax, 
longisignalis, pugnax, and virens). Because of two 
considerations I am not proposing this course. First, 
more work, both ethological and morphological, with 
larger study collections available, is needed, particu
larly at the zones of coincidence. Second, the conven
ience of biologists appears to be of sufficient impor
tance to avoid yet another change of names in forms 
widely known and currently the subjects of active 
research. This is particularly desirable since work is 
so obviously demanded on the group's genetics 
which, one excellent day, will certainly illuminate the 
problem. After all, parts of the genus Drosophila 
have caused similar difficulties and their solutions ad
vance steadily, with large rewards for general biol
ogy. Uca will take a little longer—but optimism is 
in order. 

M O R P H O L O G Y 

Diagnosis 

Distinguishing characteristics from related broad-
fronted Uca, except from the two members of its 
superspecies, as in the first paragraph of the diagnosis 
for U. galapagensis (p. 183). From these closest re
lations, galapagensis in the Pacific and pugnax in the 
Atlantic, rapax is distinguished most reliably in the 
following respects: From both in having the center of 
major palm almost smooth with small granules at 
most, even in small specimens, and not clearly tuber-
culate; and in having the tubercles of the oblique 
ridge only rarely continuing up around carpal cavity, 
and then only weakly and for a short distance. Addi
tionally, from galapagensis only, in having postorbital 
groove on carapace very shallow and in having a 
tubercle on female gonopore. Additionally, from pug
nax only, in having merus of second ambulatory 
broad, even in males, with its upper margin usually 
slightly convex throughout, but sometimes almost 
straight in the middle; eyebrow slanting, not vertical; 
apex of oblique ridge higher, with the ridge tubercles 
larger and more regular. The subspecies in the Gulf 
of Mexico, r. longisignalis, shares almost all these 
characters; it differs most distinctly in having the 
eyebrow nearly vertical and scanty pile on lower 
margins of some segments of at least the middle 
ambulatories; the armature of the palm is more vari
able than in r. rapax, and should be considered un
reliable as a diagnostic aid. 

Description 

With the characteristics of the subgenus. Extremely 
close to its Pacific allopatric, galapagensis, particu
larly to g. herradurensis; the similarity is greater than 
to its Atlantic allopatric, pugnax; see discussion (p. 
193). Table 11 gives an idea of the variability of the 
tropical subspecies, r. rapax, throughout its wide 
range. 

MALE 

Carapace. Front contained about 3.5 times in cara
pace breadth between antero-lateral angles, its sides 
converging more than in related Atlantic species and 
the tip therefore appearing slightly narrower in most 
individuals; both the shape and breadth of front, 
however, vary, and it is distinctly broader in r. longi
signalis. Orbits moderately oblique, dorso-lateral and 
lateral margins moderately convergent. No pile on 
antero-lateral region, but scattered, small tubercles 
or granules detectable in some individuals of all pop
ulations; pile in H-form depression present or absent. 
Eyebrow of moderate width, almost always inter
mediate between the clearly wider eyebrow of the 
Pacific species, galapagensis, and the usually narrow-
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er one of the Atlantic pugnax; in r. rapax it is also 
clearly less depressed than in p. pugnax, but the re
lationships are reversed between the subspecies in the 
Gulf of Mexico. Beading of its distal margin always 
better developed than that of proximal, but latter is 
distinctly beaded in the larger specimens of some 
populations, unlike the character in related species. 
Suborbital crenellations well formed throughout, not 
obscured by the sparse setae; pile absent. 

Major Cheliped. Manus with tubercles of upper, 
outer surface moderately enlarged and only rarely 
reduced, and then only in large specimens, in size 
and number. Palm always with oblique ridge high 
and marked with large tubercles; the degree of regu
larity of their arrangement is, however, extremely 
variable both within and among populations; in gen
eral small crabs with claws of mature shape show the 
most regular rows, with well-formed tubercles 
throughout, there being sometimes, as in galapagen
sis, a slight break and overlap in the middle, proxi
mal to which the tubercles are slightly the largest and 
the ridge highest just distal to the apex. Some larger 
individuals also maintain this regular formation, with 
ridge and apex relatively high and tubercles relatively 
regular, so that the entire structure is indistinguish
able from that found in characteristic examples of the 
Pacific g. herradurensis. Other individuals in rapax 
show a breakdown in the distal part of the ridge, 
which is then very low, with tubercles small and not 
at all in linear formation, while the apex and adjacent 
ridge remain high and covered with abruptly large 
tubercles; these form a single or double row before 
the apex and a cluster on the apex itself; sometimes 
several very large tubercles, well separated from each 
other, occur along the middle of the ridge. When 
numerous individuals from a series of populations are 
compared, however, two points are clear. First, the 
oblique ridge and its apex in rapax as a rule are 
slightly less high than in g. herradurensis, while its 
tubercles in most individuals are far less regular. 
Second, the apex in most rapax is higher and the 
tubercles more regular than in pugnax. When com
pared with the ridges of its three tropical, sympatric 
forms, vocator, burgesi, and mordax, as well as with 
the northern minax, both ridge and apex are high 
and its tubercles large and regular. 

Similar variability is shown in the tuberculation 
around the distal edge of the carpal cavity and of the 
center palm. In many individuals the oblique ridge 
stops abruptly at or immediately over the crest of the 
apex, at the edge of the carpal cavity; in most, several 
tubercles mark the cavity's borders, always non-con
tiguous and often well separated; when present they 
merge with the small tubercles of the center palm. 
The latter group are usually minute and well sepa
rated; in at least some individuals in all populations 
they are practically lacking; as usual in this species, 
exceptions are frequent: a few individuals have large 

tubercles near the end of the downcurved part of the 
beaded edge of dorsal margin; a few have the distal 
border of the carpal cavity bordered with an almost 
continuous row of tubercles, while the tubercles of 
the upper palm are as large and numerous as in g. 
herradurensis, from which in this character it would 
then be impossible to distinguish rapax. The great 
majority of individuals, however, in all populations 
of rapax r. have far fewer tubercles, and smaller ones, 
both around the distal part of the carpal cavity and 
on the center palm, than occur either in the related 
galapagensis or pugnax, or in its tropical sympatrics, 
vocator, burgersi, and mordax. Their relative smooth
ness is characteristic also of small specimens. In 
rapax longisignalis these characters are not so reli
able. 

Proximal ridge at base of dactyl with tubercles al
ways strong and close set, but very rarely (as noted 
only in part of a Miami population) almost contigu
ous in its lower part, as is characteristic of burgersi; 
there is never any trace of proximal divergence from 
the distal ridge, although the upper tubercles of the 
latter sometimes slant toward the dactyl, as in related 
species; sometimes the entire row of distal tubercles 
is obsolescent, particularly in large specimens. 

In shape and proportions of manus and fingers, 
rapax closely resembles galapagensis, although, as 
pointed out by Tashian and Vernberg (1958) they 
are distinct from those of pugnax. In rapax the pollex 
and dactyl are definitely shorter in comparison with 
the manus, thicker, and less tapering. In addition, the 
distal part of the pollex tends to curve upward in 
rapax, in contrast to its straightness, or even down
ward curve, in pugnax. The caveats concerning vari
ability that are usual in this species apply in these 
differences also. Since populations vary widely in 
lengths at which their "normal" morphological pro
portions are attained, and because of leptochelous 
and brachychelous tendencies, the selection of speci
mens for meristic series must be made with special 
care. Again, although most individuals show a slight
ly upcurved pollex, it is not apparent in all. For ex
ample, it is prevalent in almost all individuals from 
Puerto Barrios, Guatemala, but weak or absent in 
many from Tobago and from Rio de Janeiro, par
ticularly in those of large size. The differences in 
slenderness of dactyl and pollex and the degree of 
taper are apparent to the eye throughout all popula
tions of the two species, although the necessarily rig
orous series of measurements to establish it have not 
been undertaken. 

Predistal crest on pollex in many individuals is dis
tinct as in U. galapagensis (p. 184), but it is far 
more variable. 

Ambulatories. Meri of 2nd and 3rd ambulatories 
moderately enlarged, the dorsal margins slightly con
vex to almost straight. The breadth of the meri is 
similar to that found in galapagensis, but greater 
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than in pugnax; the segments are clearly wider than 
in its tropical sympatrics vocator, burgersi, and 
mordax. Dorsal bristles of manus and carpus less 
numerous, less stout and less stiff than in pugnax. 
Pile always present on dorsal surfaces of carpus and 
manus of first 3 legs; it is always altogether absent 
from ventral margins, including that of manus, in 
r. rapax; scanty pile present on ventral surface of 
some segments in r. longisignalis. 

Gonopod. Inner process of moderate width, usually 
straight, sometimes slightly curved; anterior flange 
clearly wider than posterior, its distal margin always 
produced, but to a variable extent. 

FEMALE 

Gonopore. Tubercle on margin of gonopore appar
ently always present. 

Measurements (in mm) 

r. rapax 
Largest male (Tobago) 
Moderate male (Tobago) 
Largest female 

(Santo Domingo) 
Largest ovigerous 
female (Tobago) 

Smallest ovigerous 
female (San Juan) 

r. longisignalis 
Male (holotoype) 

(Ocean Springs) 
Female (Ocean Springs) 

Length 

21.0 
10.5 

17.0 

14.5 

11.0 

13.0 
12.0 

Breadth 

32.0 
16.5 

27.0 

22.0 

17.5 

21.0 
16.0 

Propodus 

63.0 
22.0 

-

-

-

37.0 
-

Dactyl 

45.5 
15.0 

-

-

-

28.0 
-

Morphological Comparison and Comment 

The close resemblance of rapax to its transisthmian 
allopatric, galapagensis, has already been discussed 
(p. 183). Series of preserved rapax can usually be 
easily distinguished from series of the northern allo
patric species, pugnax, but as usual in the subgenus 
the characteristics are so superficial and there is so 
much variation within and between populations that 
individuals atypical enough to fit the description of 
the opposite species can usually be found without 
difficulty. Although Tashian & Vernberg (1958) 
found differences in the proportions of the chelipeds 
in the particular populations with which they worked 
in Florida, in the zone of coincidence they discov
ered, these differences do not always hold good in 
other populations in the north and south. I found no 
evidence of regular differences among tropical popu
lations, or of clines. 

Recent complications in the taxonomy of the two 
species have arisen as a result of the description by 
Salmon & Atsaides (1968.1) of two new species of 
Uca, longisignalis and virens, from the Gulf coast of 
the United States. Although these authors considered 

both to be most closely related to pugnax, I am treat
ing them here as subspecies of rapax and pugnax, 
respectively. This decision is unsatisfactory, because 
it is not based on personal acquaintance with the new 
forms, except for a few preserved specimens, and 
because "good" morphological characters are appar
ently extremely scarce. The authors have described 
excellent behavioral differences, as will later be dis
cussed. There is a slight coincidence of ranges in 
north Florida, between apparently rapax rapax, as 
here understood, and r. longisignalis; the material is 
unfortunately insufficient to furnish evidence of inter
breeding. See details of differences under the sub
species. 

Color 

Displaying males: Display whitening of carapace 
poorly to moderately developed; anterior part of car
apace and eyestalks green blue in populations of 
rapax longisignalis and in rare individuals in the trop
ics of r. rapax, especially at Turiamo, Venezuela. 
Cheliped about as light as carapace in both subspe
cies except for outer manus which, at least on lower 
part, ranges from dull, grayed, greenish yellow (ap
proximately ochraceous) to tints of orange (often de
scribed in field notes as apricot), sometimes extend
ing on to pollex; red tints and tones always absent; 
fingers white, at least at tips. Minor cheliped with 
usually manus and always fingers white, except at 
Turiamo, Venezuela, where sometimes blue. Ambu
latories usually remain somewhat darker than cara
pace. Females attain about the same degree of gray
ish white as males. 

S O C I A L B E H A V I O R 

Waving Display 

Wave lateral, weakly circular, at low intensities often 
practically straight. Jerks always present, on both 
rise and descent of major cheliped, more numerous 
on the rise than in any other species in the genus, 
and highly variable, largely regardless of geographi
cal locality. The range of numbers is, on the rise, 
between 6 and 34 and on the descent from 2 to 8; 
the total number of jerks therefore can and very 
rarely does, reach 42, which was attained in one crab 
filmed in Rio de Janeiro, Brazil and another in Puerto 
Rico. The highest numbers of jerks are at lowest in
tensities; at high intensities where curtsies are in
cluded, with or without the acoustical component of 
stamping, the jerks on the rise range from 6 to 12, 
those on the descent from 2 to 4, and the total num
ber of jerks from 8 to 16. Comparably low numbers 
of jerks are also recorded in populations of r. rapax 
studied in southern Florida by Salmon (1967), 
where the total ranged from 7 to 12 and of r. longi
signalis described by Salmon & Atsaides (1968.1) in 
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northwest Florida and Mississippi, with totals be
tween 8 and 15; in the latter, northern populations 
the jerks were less distinctly marked than in the 
south. None of the individuals in these Florida pop
ulations, even at low intensities, reached the high 
number of jerks found in the south. In waves show
ing the highest number of jerks (6 to 8) on the de
scent, the last several are usually made after the 
cheliped reaches its low point, which is usually not 
in contact with the ground, somewhat in front of its 
usual rest position, and the cheliped jerks back into 
place in front of the mouthparts; a similar motion 
sometimes occurs in the Pacific with the closely allo-
patric form, U. g. galapagensis, observed by von 
Hagen (1968.2). At high intensities the cheliped 
often does not nearly reach the ground after the final 
jerk, being simply flexed into rest position barely be
fore the onset of the curtsy, with or without stamp
ing. A brief pause at peak of wave is present or ab
sent, similar to but snorter than that also found in 
U. g. galapagensis (loc. cit., and this study, p. 184). 
Very rarely the wave includes a double peak at the 
apex, as in U. galapagensis herradurensis (p. 184). 
Minor cheliped usually makes a corresponding mo
tion, but without jerks. During a series the body is 
held high, except for the curtsy component of high 
intensity courtship, and any combinations on the first 
3 ambulatories on each side are kicked up and out 
in leg-waves in which the meri are definitely not 
brought into contact, unlike sound-producing leg-
wags. The curtsy component is always a character
istic of high intensity courtship and not of agonistic 
behavior; as usual it occurs close to the entrance of 
the male's burrow when the attention of a female has 
been aroused but, at least in tropical populations, 
waving does not necessarily stop with the first curtsy, 
the curtsy rather forming, with or without associated 
stamping, the final component of a wave, to be fol
lowed almost at once by another in the same series. 
In Florida the curtsy, usually followed by others, 
takes place at the end of the series of rapid waves of 
courtship and immediately preceding the male's de
scent into his burrow; it apparently always includes 
sound production through stamping and, at night, by 
leg-wagging (see under Acoustic Behavior, below). 
Duration of single waves, at low intensity with many 
jerks, up to 13 seconds; the slowest of all were filmed 
in Rio de Janeiro on cloudy mornings in early De
cember when waving was just beginning, an hour be
fore low tide; the surface temperature ranged from 
20° to 23° C. Waves almost as slow, however, last
ing up to 12 seconds in r. rapax, with totals of be
tween 20 and 34 jerks, have been filmed on clear hot 
afternoons, at surface temperatures between 28° and 
30° C, in both Venezuela and Puerto Rico. Duration 
of waves of high intensities about 2 to almost 6 sec
onds. (Component nos. 4, 5, 6, 9, 11, 12, 13, 14; 
timing elements summarized in Table 19, p. 656.) 

Precopulatory Behavior 

Female follows male into his burrow. No records of 
surface copulations, except for the usual occasional 
abortive attempts by aggressive wanderers. No rec
ords of nocturnal mating have yet been published. 
Salmon (1967) reported herding motions by single 
males of females in populations in south Florida; he 
reports that the males sometimes approached females 
as much as a meter away. It will be interesting to 
learn if the females in question are immature in these 
instances as in at least two other species (p. 503). 

Acoustic Behavior 

In Florida Salmon (1967) and Salmon & Atsaides 
(1968.1, 1968.2) made recordings of sound com
ponents in rapax during both diurnal and nocturnal 
courtships. The diurnal sounds were produced close 
to and just within the burrow mouths by the stamp
ing component of curtsies made during high intensity 
waving. Another sound occurred when the male was 
farther within the burrow, as well as when a female 
was introduced when such a male was already with
in. Salmon describes the diurnal sound production 
as follows: "The males stopped waving when the 
females came within 5 to 10 cm of their burrows. 
The major chela was held flexed just above the cara
pace. While in this posture sounds were produced 
when the second and third pairs of ambulatories 
were raised and lowered in unison against the sub
strate, 2 to 6 times in a series. With each blow of the 
legs against the surface, the body was lowered in 
steps from an initially raised position almost to the 
substrate. A series of movements lasted from 1 to 3 
sec. The male might remain at the same spot be
tween consecutive series of ambulatory movements, 
but if the female moved closer he would dash toward 
and sometimes just inside his burrow. The sounds 
resulting from the movements were sharp pulses of 
short duration (30 to 50 msec), each pulse corre
sponding to one contact between the ambulatories 
and the substrate. But when the males moved inside 
their burrows the pulses contained a low-frequency 
component which extends pulse durations to 120 to 
200 msec. . . ." During the evening, "Sound-produc
ing males of U. rapax were either several millimetres 
inside the burrow or near the entrance with their 
ambulatories protruding from the burrow opening. 
The sounds consisted of two to eight pulses produced 
in a series, each composed of low frequencies with 
fundamentals between 170 and 200 Hz. The sounds 
were similar to those heard during the day from 
males inside their burrows. Conspecific crabs, as well 
as other species, elicited an increase in rate and in
tensity of sound production from males after contact 
with their ambulatories. Four of ten males showed 
these responses when the substrate 1 cm from the 
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burrow was scratched lightly with a twig. Several 
other males, silent at the time, began producing 
sounds when a few grains of sand were pushed into 
their burrows. 

"The sounds were produced by movements of the 
ambulatories similar to those produced during the 
day. . . . During the first one to three pulses, the 
ambulatories were lowered to the substrate, raised 
and rapidly vibrated in a dorso-ventral plane, then 
lowered again. In the remaining pulses of the sound 
the movements were identical but the ambulatories 
did not touch the surface [italics mine]. The low fre
quency components were always correlated with 
ambulatory vibration. The major cheliped was not 
moved during sound productions . . ." (Salmon 
1967, pp. 453-54). The authors provide data on 
variation in time of onset and cessation of the sounds 
and in acoustical properties, as well as comparisons 
with sounds produced in particular by speciosa. In 
the subspecies rapax longisignalis Salmon & Atsaides 
(1968.1: 287) describing nocturnal sound produc
tion report that, as with the two subspecies of pug-
nax, r. longisignalis "produced sounds during noc
turnal low tides for periods of up to several hours . . . 
the sounds were produced by movements of the am
bulatory legs; each sound was composed of several 
pulses produced in a series, . . . the sounds contain
ing 5-14 pulses, and successive sounds in a series 
were each separated by long intervals (8-10 sec
onds). . . . The signals . . . were all produced by 
lone males." 

No other detailed study of rapax sounds has yet 
appeared. In 1968.1 von Hagen published a prelimi
nary statement that he had secured recordings of the 
species in Trinidad, but his results are not yet avail
able. 

In the course of the present study observations of 
sound-producing mechanisms through films made 
diurnally throughout much of the range of rapax 
were made, as well as a few recordings, also in Trini
dad, both by day and night. As with the Florida pop
ulations, leg-wagging produced sounds, as in the 
phrase in italics on the preceding page. However, leg-
stamping was only rarely seen to be included in the 
numerous curtsies of high-intensity courtships that 
have been observed and photographed. This element 
was always either in an agonistic situation at the sur
face or in response to an intruder, regardless of sex, 
introduced into the burrow by day or night. This is 
fully in accord with leg-wagging throughout the 
genus, except in some mordax during high intensity 
courtship. Another component has been heard and 
recorded, by day and night, in Trinidad rapax when 
an intruder is introduced and sometimes spontane
ously; this I have termed "honking"; it is unmistak
able and we have as yet no idea how it is produced. 
(Component nos. 5 and 11, plus "honking.") 

Combat 

Combat behavior in rapax has been more closely ex
amined than in any other species. It was described 
in detail for a population in Trinidad in Crane 
(1967); it is reviewed, with components added, in 
the present study, in comparison with that of other 
species, in Chapter 5, beginning on p. 485. (Com
ponent nos. 1, 2, 4, 6, 7, 9, 12.) 

R A N G E 

Tropical, subtropical, and warm temperate western 
Atlantic from the south coast of the United States 
along the Gulf of Mexico and Florida's eastern 
shores, then continuing south on the coasts of Mex
ico, Central America, the West Indies, north and east 
coasts of South America as far as Cananeia, Estado 
Sao Paulo, Brazil. One form, here viewed as a sub
species, longisignalis, is known in the warm temper
ate part of the range, from Matagorda Bay to 
Yankeetown; near Yankeetown Salmon & Atsaides 
(1968.1) found it occurring sympatrically with r. 
rapax. Throughout the rest of the species' range there 
seems to be no justification for further subdivision. 

BlOTOPES 

Typically, in the tropics, on sheltered flats of mud or 
sandy mud in the vicinity of mangroves, in similar 
substrate edging lagoons, in river deltas, and along 
the streams and rivers themselves on flat banks close 
to their mouths; also on muddy sand, especially on 
tropical salt flats covered only at spring tides. Even 
displaying parts of the populations often in the par
tial shade of the edges of mangroves. Occasionally 
the substrate includes so little silt that it appears al
most fully sandy, especially in food-rich localities, 
such as around pneumatophores of some mangrove 
associations, or near fishermen's landings. (Biotope 
nos. 6, 9, 11, 12.) 

S Y M P A T R I C A S S O C I A T E S 

When a full spectrum of local species of Uca occurs 
on a tropical shore, distributed in typical stratifica
tion, the species arrange themselves as follows, from 
those nearest the sea and in highest salinities to those 
farthest inland, including the banks of water courses: 
(Celuca) leptodactyla, {Uca) maracoani, (Bobo-
ruca) thayeri, (Celuca) cumulanta, (Uca) major, 
and all members of the subgenus Minuca—rapax, 
burgersi, vocator, and mordax. Such a diagrammatic 
distribution of course occurs very rarely both be
cause of the complex configurations of shores and 
estuaries, and the still unknown requirements of the 
different species in regard to the compositions of 
their general biotopes. Three or more species are al-
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most always missing—most often leptodactyla, ma
jor, and mordax—from any locality. 

U. rapax, the most abundant of the nine species if 
the range is viewed as a whole, is most often closely 
sympatric with another Minuca, burger si. In areas 
rich in food, such as strips of shore where fish or 
mollusks are cleaned or coconuts opened, pigs teth
ered, or close to huts and outhouses straggling at the 
ends of towns, the two species sometimes mingle in 
almost equal numbers; these mixed populations ap
pear always to be small, though they usually include 
fully adult, strongly displaying individuals. In large, 
normal populations, however, the species mingle, if 
at all, peripherally, rapax usually being found on 
the more seaward flats and less often in almost land
locked lagoons. On the other hand, large popu
lations of very large rapax, apparently never includ
ing active wavers and with the individuals probably 
approaching senility, are often found farther from 
the sea than the more active groups of both rapax 
and burgersi; in these cases they are not up rivers or 
streams, but in higher, drier locations, open or partly 
shaded on the inland edges of mangrove swamps, 
their burrow mouths reached if at all by spring tides 
only. In these localities, rapax is the only Uca. 

Crescent Beach, on the east coast of Florida, near 
Daytona, marks the northern limit of rapax. Here 
rapax and pugnax, members of the same superspe-
cies, are closely sympatric on the same stretch of 
beach, but at different levels; rapax is the higher, in 
sandier locations (Tashian & Vernberg, 1958). 

For additional remarks on the associations of 
rapax see the corresponding sections of major, bur
gersi, vocator, pugnax, and cumulanta. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 605.) 

Observations and Collections. U.S.A.: Fort Lauder
dale, Miami. Guatemala: Puerto Barrios. West In
dies: Puerto Rico; St. Thomas; Guadeloupe; Marti
nique; Barbados; Curasao; Tobago; Trinidad. Colom
bia: Cartagena. Venezuela: Maracaibo and neigh
borhood; Puerto Cabello; Turiamo; Puerto La Cruz; 
Pedernales. Guayana: Georgetown. Surinam: near 
Paramaribo and near mouth of Marawyne R. Brazil: 
Sao Luiz, Fortaleza, Recife, Sao Salvador, Rio de 
Janeiro. 

Films. Miami, Puerto Barrios, Puerto Rico, St. 
Thomas, Trinidad, Puerto Cabello, Pedernales, Para
maribo, Sao Luiz, Fortaleza, Recife, Sao Salvador, 
Rio de Janeiro. 

Sound Recordings. Trinidad. 

TYPE MATERIAL AND NOMENCLATURE 

Uca rapax (Smith, 1870) 

TYPE of Gelasimus rapax Smith, 1870. Formerly in 
Peabody Museum, Yale University, New Haven; 
from Aspinwall, near Colon, Atlantic coast of Pan
ama; presumably checked by Rathbun (1918.1: 
397); not now extant. 

? Type Material of Uca salsisitus Oliveira, 1939. ? In 
Instituto Oswaldo Cruz. Male type: cat. no. 30; 4 
male and female paratypes: cat. nos. 171, 172. Type-
locality: Guanabara Bay, Rio de Janeiro, Brazil. 
Carapace lengths not given. The male specimens are 
either young, have the claw regenerated, or both. 
Synonymy is on the basis of the photograph of the 
dorsal view (PI. 11, Fig. 57) and of the drawing of 
the claw's inner view (PI. 8, Fig. 43). The latter 
shows a non-divergent proximal ridge at the dactyl's 
base, instead of the divergent ridge characteristic of 
the sympatric burgersi and mordax. The 4th ambula
tory shown in PI. 3, Fig. 11, and PI. 8 is slender for 
mature rapax, but, again, the size of the specimen 
is not known. In PI. 8 there are suggestions of ambu
latory pile which make it possible that salsisitus will 
prove to be synonymous with vocator, but in the 
ambulatory drawings (PI. 3) no pile is shown. The 
female abdomen in PI. 7, Fig. 40 is that of a mature 
individual, as indicated by the shape and scale, but 
this character does not aid in species identifications. 
Finally the text does not state which specimen(s) 
were used for the illustrations. Examination of the 
type material may show that more than one species 
is included. 

Type Material of Uca pugnax brasiliensis Oliveira, 
1939. ? In Instituto Oswaldo Cruz, Rio de Janeiro. 
Male type, cat. no. 191; paratypes; no. 299. Type-
locality: Ilha do Pinheiro, Rio de Janeiro, Brazil. 
The distinctions in the specimens described are with
in the range of variation of Uca rapax in the type-
locality. 

Uca rapax longisignalis Salmon & Atsaides, 1968 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Uca longisig
nalis: One male, cat. no. 121599. Paratype males, 
5, cat. no. 122204. Type-locality: Ocean Springs. 
Measurements on p. 193. (!) 

Uca (Minuca) [galapagensis] rapax 
rapax (Smith, 1870) 
(Subtropical and tropical western Atlantic. Northern 
boundaries: in Mexico, Tamaulipas; in west 
Florida, Yankeetown; in east Florida, Crescent 
Beach. Southern boundary in Brazil, Cananeia) 
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MORPHOLOGY 

With the characteristics of the species. 
In both sexes, r. rapax differs from r. longisignalis 

in having the eyebrow only slightly inclined and the 
front slightly narrower. Additionally, the male differs 
in the absence of pile on lower margins of merus, 
carpus, and manus of 2nd and 3rd ambulatory. 
Finally, the female differs in the presence of a dis
tinct tubercle on the gonopore and the absence of 
pile on lower margins of ambulatory meri. 

The subspecies differs from p. pugnax, with which 
it occasionally coincides on Florida's east coast, 
chiefly in the slightly, not strongly, inclined eyebrows, 
a smoother major palm with apex of oblique ridge 
higher and ridge tubercles larger and more regular, 
and in having merus of 2nd ambulatory broader, with 
its upper margin usually slightly convex throughout, 
but sometimes almost straight in middle. In the par
ticular populations with which they worked, Tashian 
& Vernberg (1958) found useful differences in the 
proportions of the major chelipeds, the manus in 
rapax being somewhat deeper and the fingers shorter; 
these differences are unreliable as subspecies or spe
cies distinctions. 

In distinguishing members of the majority of pop
ulations, all fully tropical, of this subspecies from 
sympatric species, the following characters used in 
combination seem to be the most reliable and prac
tical: on major palm, non-divergent predactyl ridges 
and a well-developed, oblique, tuberculate ridge; 
pollex with a distinct subdistal crest; broad ambula
tory meri, showing conveniently in the convex dorsal 
margin of the 4th; no pile on lower margins of 2nd 
and 3rd ambulatory mani; female with a single, well-
formed tubercle on posterior margin of gonopore. 
See also comparative comments in treatments of 
vocator, burgersi, and mordax (pp. 164, 168, 173). 

Uca (Minuca) [galapagensis] rapax 
longisignalis Salmon & Atsaides, 1968 
(Northern part of Gulf of Mexico from 
Matagorda Bay, Texas to Yankeetown, Florida) 

M O R P H O L O G Y 

With the characteristics of the species. 
The differences between this form and the tropical 

r. rapax are as follows: in both sexes, eyebrow 
strongly inclined (although, as usual, less so in fe
males) and front wider (widest in females). In the 
male, pile that is scanty but distinct is present on 

lower surfaces of merus, manus, and carpus of at 
least 2nd and 3rd ambulatories; it is arranged along 
anterior and posterior borders of each segment and 
is persistent enough to make it a reliable diagnostic 
character—the only one I have found; the only spec
imens examined in which it is lacking are some ex
amples received from Yankeetown, from which all 
pile and setae had been previously removed for spe
cial purposes. In the female, of which I have seen 
only three individuals, pile is also present, but on the 
meri only, again along anterior and posterior ventral 
margins, of 1st, 2nd, and 3rd legs; all have the gono
pore with antero-inner margin of lip slightly raised, 
but not in the form of a tubercle. 

From sympatric species along the Gulf, minax and 
pugnax virens, r. longisignalis is again most clearly 
distinguished by the pile on the ventral margins of 
the ambulatories, as described above, and, addition
ally, from pugnax virens alone, by the strongly 
vertical eyebrows; subdistal crest on pollex charac
teristically stronger than in the other two species, but 
experience is needed in comparing them. Even in 
females of longisignalis the front is narrower and the 
ambulatory meri wider than in female minax, while 
the eyebrows, although also strongly bent, are nar
rower than in minax. 

Examination of the types and of additional mate
rial in the Smithsonian Institution in Washington has 
led to the following conclusions on the characters 
used in the type description. On the major cheliped 
these characters include an unbroken tuberculate 
ridge inside the carpus; in 4 males from Ocean 
Springs, Mississippi, this series is interrupted, as in 
p. virens; in r. rapax from southern Florida and else
where and in minax it is sometimes interrupted and 
sometimes not. The degree of tuberculation inside 
the palm and details of the oblique ridge prove to 
be similarly unreliable characters because of a wide 
range of variation; similarly, the differences cited in 
the minor chelipeds of p. virens and r. longisignalis 
are undependable. In most, but not all, the examples 
I have seen of r. longisignalis, the anterior flange 
of the gonopod projects somewhat less than that of 
most specimens of p. virens; again, the degree of 
projection proves to be variable and overlapping in 
the two forms. 

Although r. longisignalis as far as known is a 
smaller species than minax, the several females ex
amined are confusingly similar to those of the larger 
species, especially since few specimens of minax from 
Gulf Coast populations seem to exist, and they may 
well prove to have local distinctions. Large, well-
preserved series of all three of the local Minuca are 
urgently needed. 
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REFERENCES AND SYNONYMY 

Uca (Minuca) rapax (Smith, 1870) 

TYPE DESCRIPTION. See under U. (M.) rapax rapax, 
below. 

Uca (Minuca) rapax rapax (Smith, 1870) 

Gelasimus rapax 

TYPE DESCRIPTION. Smith, 1870: 134; PI. 2, Fig. 2; 
PI. 4, Fig. 3. Atlantic coast of Panama: Aspinwall. 

Aurivillius, 1893: 34. West Indies: St. Barthelemy. 
Morphology; amphibious characteristics; ecology. 

Gelasimus minax (not of LeConte) 

Nobili, 1897: 3. Venezuela: Puerto Cabello. (Syn
onymy fide Maccagno, 1928: 45.) 

Uca pugnax rapax 

Rathbun, 1902.1: 7. Puerto Rico. Taxonomy, re
ducing G. rapax to a subspecies of U. pugnax. 

Rathbun, 1918.1: 397; PL 140 (photos). U.S.A.: 
Florida: Miami, Key West. West Indies: Cuba; Haiti; 
Puerto Rico; St. Thomas; Jamaica, Curasao; Trini
dad. Panama: Colon. Colombia: Sabanilla. Venezue
la: Puerto Cabello. Brazil: Pernambuco ( = Recife), 
Plataforma, Bahia ( = Sao Salvador), Maruim, Ita-
bapuana. Taxonomy; habitat. (Not specimens listed 
from Alabama and Texas.) (Part USNM !) 

Rathbun, 1920: 342. Curasao. Local distribution. 
Rathbun, 1924.3: 19. Curasao. Local distribu

tion. 
Maccagno, 1928: 45; Text Fig. 29 (claw). Cura

sao. Venezuela: Puerto Cabello. Taxonomy. 
Oliveira, 1939.1: 134. Brazil: Rio de Janeiro. 

Taxonomy; habitat. 
Crane, 1943.2: 40; Text Figs, la, b, c. Western 

and eastern Venezuela. Taxonomy; color; waving 
display. (!) 

Crane, 1957. Subtropical and tropical western At
lantic. Preliminary classification of waving display; 
in Table 2 its characteristics are included under the 
species name, pugnax. 

? Uca salsisitus 

Oliveira, 1939.1: 131; PL 3, Figs. 7-15; PL 4, 
Figs. 19-21; PL 5, Figs. 23, 24; PL 7, Fig. 40; PL 8, 
Figs. 43, 44; PL 11, Figs. 57, 58. Brazil: Rio de 
Janeiro. Type description. (See p. 196.) 

Uca pugnax brasiliensis 

Oliveira, 1939.1: 136; PL 6, Figs. 29-32; PL 7, 
Fig. 36; PL 10, Fig. 56; PL 11, Fig. 57; PL 12, Figs. 
59, 60. Brazil: Rio de Janeiro. Type description. 

Oliveira, 1939.2. Brazil: Rio de Janeiro. Ecology. 

Uca pugnax (not Gelasimus pugnax Smith) 

Gmitter & Wotton, 1953: 271; Text Figs. 16-18 
(all captioned under the name Uca pugnax rapax). 
West Indies: St. Thomas. Brief, general taxonomy. 

Uca rapax 

Tashian & Vernberg, 1958. Illus. U.S.A.: eastern 
Florida. Taxonomy (specific distinctness of rapax 
and pugnax restored); color; display; habitat. 

Gerlach, 1958.1: 672. Brazil: Estado Sao Paulo 
(near Cananeia). Ecology. 

Holthuis, 1959.3: 266; Text Figs. 64d-f, 65; PL 
14, Figs. 4-6; PL 15, Fig. 3. Surinam. Taxonomy; 
habitat. 

Barnwell, 1963. Illus. Brazil. Endogenous daily 
and tidal rhythms of melanophore and motor activity. 

Miller, 1965. U.S.A. Morphology, physiology, and 
ecology in relation to distribution. 

Vernberg & Costlow, 1966. Development of right 
or left handedness. 

Crane, 1967. Illus. West Indies: Trinidad. Com
bat and its ritualization. 

Salmon, 1967: 450. Illus. U.S.A.: Florida. Local 
distribution; display; sound production. 

Altevogt & Altevogt, 1967: E 1291. Film of wav
ing display. 

von Hagen, 1967.1. Illus. West Indies: Trinidad. 
Kinaesthetic orientation to burrow. 

von Hagen, 1967.2. West Indies: Trinidad. Tape-
recordings secured. (Preliminary statement.) 

Salmon & Atsaides, 1968.2. Illus. U.S.A. Included 
in their general paper on visual and acoustical signal
ing in Uca. 

Chace & Hobbs, 1969: 214; Text Figs. 73a, b. 
West Indian distribution: Bimini I.; Cuba; Jamaica; 
Hispaniola; Puerto Rico; St. Thomas; St. Croix; 
Antigua; Guadeloupe; Providencia; Bonaire; Cura
sao; Los Roques; Trinidad. Taxonomy; habitat. 

Warner, 1969: 382-85. West Indies: Jamaica. 
Ecology. 

von Hagen, 1970.1: 226. Caribbean distribution. 
Taxonomy. 

von Hagen, 1970.4. Illus. West Indies: Trinidad. 
Adaptations to a particular intertidal level. 

Uca (Minuca) rapax longisignalis 
Salmon & Atsaides, 1968 

Gelasimus vocator (not Cancer vocator Herbst) 

Herrick, 1887: 44; PL 5, Fig. 4 (outer major 
claw). U.S.A.: Alabama: Mobile B. Brief taxon
omy; synonymizes G. pugnax Smith with vocator; 
attributes vocator to von Martens. 
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Uca longisignalis 
TYPE DESCRIPTION. Salmon & Atsaides, 1968.1: 279; Salmon & Atsaides, 1968.2. Illus. U.S.A. No new 
Text Figs. 1-4, 6, 7. U.S.A.: Florida: Yankeetown; material. Included in this general paper on visual and 
Mississippi: Ocean Springs; Louisiana: Cameron. acoustical signaling in Uca. 
Color; waving display; sound production. 
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34. UCA {MINUCA) [GALAPAGENSIS] PUGNAX (SMITH, 1870) 

(Temperate and subtropical western north Atlantic) 

PLATE 27 E-H. MAPS 10, 14. 
FIGURES 39 H; 46 J; 67 E; 81 / ; 100. TABLES 9, 10, 12, 14, 19, 20. 

INTRODUCTION 

A small fiddler with an often lethargic display, Uca 
pugnax is the most abundant of its genus on the east
ern coast of the United States. From Cape Cod to 
northern Florida it often associates more or less 
closely with (Celuca) pugilator, although pugnax 
occurs typically on muddy substrates, while pugilator 
lives on sandier strips of shore. Throughout these 
latitudes waving members of the two species can be 
distinguished in the field, even at a considerable dis
tance, by the slower, less frequent display of pugnax, 
the waving always showing distinct traces of jerks. 
The degree and directions of circularity in the waves 
are also different; that of pugnax is much less broadly 
circular and of the usual form, the cheliped moving 
obliquely-out-and-up-then-in-and-down, instead of 
the reverse wave (up-and-out-obliquely-down-and-in) 
characteristic of pugilator. In addition, color differ
ences are an additional help to fiddler-watchers un
familiar with the species along the same coasts; ex
cept in the extreme southern part of its range, pugnax 
during the summer can be relied on to show at least 
some individuals with blue or blue green fronts, eye-
stalks, or both, while a member of the same species 
never has a purple or red spot on the carapace, as do 
many individuals of pugilator, finally, but least help
fully, many individual pugilator pale to a color more 
nearly approaching display white during display than 
do pugnax. 

The third species of Uca sharing the same, tem
perate range with pugnax is minax. Because it lives 
characteristically when adult in marshes with waters 
of very low salinity, close sympatry in the field with 
pugnax rarely occurs. The wave of the much smaller 
pugnax is much more frequent and its jerks are slight, 
in comparison with the uncommon wave of minax 
with its very strong jerks; in addition, minax in sum
mer usually shows distinctive, narrow red rings 
around the segment joints of the major cheliped. 

Two species considered closely related to pugnax 
were described by Salmon & Atsaides, 1968.1. One 
is here termed a subspecies of pugnax, U. p. virens, 
and the other of rapax, U. r. longisignalis. The first, 
virens, originally reported only from Mississippi and 
Texas, has since been found in old collections from 

Mexico; the second, longisignalis, is known at pres
ent from Texas, Louisiana, Mississippi, and north
west Florida. The authors report that in virens the 
anterior one-third of its carapace, except for a white 
anterior border, is green in males, while longisignalis 
(which overlaps in range with virens and lives in 
close sympatry with it in Mississippi), has the front 
bright turquoise in both sexes, blending into a blue 
green band more posteriorly. 

Both forms of pugnax, like other northern species, 
produce sounds in the evening; these differ from 
those both of each other and of the two subspecies of 
rapax. 

The introduction to the preceding species (rapax, 
p. 190) includes remarks on the relationships of 
pugnax; the general section on sympatry (p. 529) 
in Chapter 7 discusses peculiarities of the zone of 
overlap with rapax on the eastern coast of Florida. 

MORPHOLOGY 

Diagnosis 

Distinguishing characteristics from related broad-
fronted Uca, except from the two members of its 
superspecies, are as in the first paragraph of the diag
nosis for galapagensis, with allowance for relative 
weakness of oblique ridge on major palm. From 
these closest relations, galapagensis in the Pacific and 
rapax in the Atlantic, pugnax is distinguished most 
reliably in the following respects: From both in hav
ing merus of 2nd ambulatory comparatively slender, 
its dorsal margin always practically straight except 
at each end; in having extreme apex of oblique ridge 
on major palm low, with its tubercles relatively small 
and irregular; and, in the Atlantic subspecies only, 
in having the eyebrow slanting so steeply it is prac
tically or wholly vertical. Additionally, from gala
pagensis only, in having postorbital groove on cara
pace very shallow and in having a tubercle beside 
female gonopore. Additionally, from rapax only, in 
having center of major palm clearly tuberculate, 
never almost smooth, and in the definite continua
tion of tubercles of oblique ridge upward around 
carpal cavity. 
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Description 

With the characteristics of the subgenus. Very close 
to its Atlantic allopatric, rapax, from which it differs 
most reliably in the following respects. 

MALE 

Carapace. Sides of front converging less, the tip 
therefore appearing slightly broader in most individ
uals than in rapax; eyebrow usually narrower, and, 
in the Atlantic form only, more depressed than in the 
Atlantic subspecies of rapax, often practically verti
cal and so facing forward; in the Gulf of Mexico 
these relationships of the eyebrows are reversed; 
proximal margin of eyebrow apparently never 
beaded, instead of often so in large specimens of 
rapax. 

Major Cheliped. Palm with oblique ridge almost al
ways weaker than in rapax, being both lower as a 
whole, with the apex usually slightly lower than ad
jacent part of ridge, the tubercles being relatively 
small and often in an irregularly compound row, es
pecially in distal part of ridge where they are some
times obsolescent; traces of the distinct break and 
overlap of rows of tubercles near the ridge are often 
discernible, especially when the observer is familiar 
with the corresponding structures in rapax and gala-
pagensis; the ridge variations are further discussed in 
association with the major cheliped of rapax, p. 192. 
Beyond apex the ridge tubercles are always, instead 
of rarely, continued distinctly, although for a variable 
distance, upward around carpal cavity. Center of 
palm always covered with tubercles that mingle prox-
imally with those of the upward continuation of 
oblique ridge; usually they are of moderate to large 
size for the area, but sometimes so small that their 
diameter relative to the space is well within the range 
of this character in rapax, a species noted for the 
fineness of any granulation of its palm. Tip of pollex 
with a small, outer, dentate crest that is usually weak
er and with its tubercles less closely spaced than in 
rapax and galapagensis; it is nevertheless clearly a 
homologous structure derived, as in the other two 
species, from the displaced distal end of the median 
row of the pollex' prehensile edge. 

Ambulatories. Meri, although moderately widened 
throughout, are less so than in rapax; dorsal margin 
of 2nd merus practically straight except proximally, 
and distally where it curves down to the segment's 
ends. 

Gonopod. Inner process apparently always straight, 
unlike rapax, where it is sometimes slightly curved. 

FEMALE 

Gonopore. A small tubercle indicated in the Atlantic 
form, absent in the Gulf of Mexico. 

Measurements (in mm) 

Length Breadth Pwpodus Dactyl 

(All from p. pugnax, Long Island; 
measurements of p. virens are comparable) 
Largest male 12.0 19.0 33.0 23.5 
Largest claw (detached) - - 37.0 25.0 
Moderate male 10.0 16.0 25.0 10.0 
Largest female 13.0 18.0 
Moderate female 9.0 13.0 - -

Morphological Comparison and Comment 

As in other closely related species of Minuca, the 
few morphological characters that present themselves 
for taxonomic use are extremely variable, both with
in and among populations. Accordingly, identifica
tions can be made with confidence only after a cer
tain amount of experience with preserved specimens; 
even then it is more than usually important that series 
be examined. In most areas, of course, the ranges of 
these particular species do not coincide, and when 
displaying populations are observed they are easily 
identified. 

A most interesting point concerns the chief differ
ences between rapax and pugnax. When the several 
characters are looked at as a whole, it is apparent 
that in rapax both the palm and the pollex tip are 
distinguished by armature facilitating regularity of 
ridge-rubbing in performance of the heel-and-ridge 
component during combat. In pugnax, on the other 
hand, the tuberculate palm, low ridge with irregular 
rows of small tubercles, and the weak pollex crest 
seem conducive to a less precise juxtaposition of 
palm and pollex. A detailed comparison of heel-and-
ridge performance in these two species has yet to be 
attempted. 

Diagnostic differences between pugnax pugnax 
and minax are summarized on p. 177; between pug
nax pugnax and pugilator on p. 225. These species 
are the only JJca known to occur on the Atlantic 
coast north of Florida. 

Color 

Displaying males: Display whitening poorly or not at 
all developed, the carapace usually brown, sometimes 
lightening to pale gray at least on branchial regions 
on individuals that have dried in the sun more thor
oughly than usual; no purple or red spot ever present 
on carapace; anterior region of carapace, eyestalks, 
and anterior parts of 3rd maxillipeds often blue to 
blue green (turquoise) in specimens from Massachu
setts to St. Augustine; the color appears, strongly or 
weakly, on any or all of these areas; in St. Augustine 
it was slight and in few individuals (Crane, unpub
lished); farther south Salmon (1967) found it ab
sent. In Texas and Mississippi Salmon & Atsaides 



202 U. (MINUCA) PUGNAX 

(1968.1, in the description of virens) found the ante
rior one-third of carapace, except for an anterior bor
der, bright green in males. Major cheliped lightens 
to various degrees of light brownish or yellowish, the 
manus being dull yellowish orange to yellowish white 
in the brightest examples in the northern states men
tioned, with fingers always white or nearly so; proxi
mal and distal ends of segments not red. Manus and 
dactyl of minor cheliped white. Ambulatories dark, 
banded with darker. Females similar to males, includ
ing development of blue and blue green, but not as 
strongly as in male. 

SOCIAL BEHAVIOR 

Waving Display 

Lateral, weakly circular, at low intensity almost 
straight. Jerks almost always distinguishable but very 
variably so and very weak in comparison with those 
of minax and rapax; in all areas they are strongest in 
northern and western (Mississippi and Texas) parts 
of range and weak to practically absent near the zone 
of overlap with rapax in eastern Florida; jerks rang
ing from 3 to 14 on the cheliped's rise and from 1 to 
7 on its descent. A pause at apex of wave, longer than 
that at end, present or absent, variable in occurrence 
even within populations. Minor cheliped makes a 
roughly corresponding motion. Body held raised 
throughout waves of a series; one or more ambula
tories kicked out during display, but in the leg-waves 
(waving component 12) the meri do not touch as in 
sound-producing leg-wagging (sound component 5). 
Curtsy present during high intensity courtship be
tween waves, the cheliped held flexed during the 
component, which is often or always accompanied 
by stamping (see under Acoustic Behavior, below). 
Minimal herding sometimes takes place; Salmon 
(1967) observed this component in areas where 
waving was partly obscured by vegetation. (Com
ponent nos. 5, 6, 9, 11, 12, 13, 14; timing elements 
in Table 19, p. 656.) 

Precopulatory Behavior 

Female follows male down his burrow after high in
tensity waving display with stamping. At night fe
males are attracted by sound production achieved by 
the males through motions of the ambulatories, both 
with leg-wagging, the meri vibrating in intermittent 
contact as usual in agonistic behavior (component 
5), and with stamping (11) (Salmon, 1967; Salmon 
&Atsaides, 1968.1, 1968.2). 

Hood Construction 

Hood-building has been observed only on Long Is
land, at Port Jefferson, and there the habit was rarely 

and minimally developed. In these examples the 
male's burrow was always on the side of a small ele
vation, such as a clump of weed; over the entrance 
hung a small, roughly formed half-dome, which I 
first interpreted as a chance result of pushing up the 
soft substrate during excavation; however, in several 
examples the male added as I watched to the ceiling 
of the structure from outside the burrow, in the fash
ion characteristic of the builders of turrets and hoods 
in Celuca. 

Acoustic Behavior 

Salmon & Atsaides (1968a) found that both subspe
cies of pugnax made sounds through movements of 
the ambulatories at night for periods of up to several 
hours. "Each sound . . . was composed of several 
pulses produced in a series. In [U. p. pugnax] the 
sounds were usually composed of 2-3 pulses and in
tervals between successive sounds that averaged 
about 7 seconds. In [U. p. virens] most sounds con
tained 2 pulses, but the intervals between successive 
sounds were about 3 seconds. . . . The signals de
scribed above were all produced by lone males." The 
stamping component was of lower frequency than 
that of the leg-wagging. Films of pugnax made dur
ing the daytime at St. Augustine and on Long Island 
also show stamping during the leg-waving of court
ship, and, in agonistic situations, leg-wagging with
out stamping. (Components 5, 11.) (See also general 
remarks in Chapter 5, under Acoustic Behavior, p. 
482.) 

Combat 

The following components are known, all observed 
on the south shore of Cape Cod: Manus-rub, sub-
dactyl-&-subpollex-slide, dactyl-slide, upper-&-lower-
manus-rub, interlace, heel-&-ridge. (Component nos. 
1, 4, 6, 7, 9, 12.) 

RANGE 

Temperate western north Atlantic along the eastern 
and southern coasts of the United States from Massa
chusetts, on the northwest coast of Cape Cod at 
Provincetown (lat. 42° N) to the state of Vera Cruz, 
Mexico. The Atlantic subspecies (p. pugnax) ex
tends as far south as Daytona Beach on Florida's east 
coast; the other subspecies (p. virens) is known from 
Ocean Springs to the neighborhood of Coatzacoalcos, 
slightly north of lat. 18° N. 

BlOTOPES 

Salt marshes and other sheltered shores close to bays, 
inlets, and estuaries, the substrate ranging from mud 
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to sandy mud and muddy sand. (Biotope nos. 6, 12, 
16.) 

SYMPATRIC ASSOCIATES 

On the Atlantic coast sometimes associated marginal
ly with (Minuca) minax or (Celuca) pugilator (pp. 
178 and 226); in the zone of overlap in Florida with 
{Minuca) r. rapax (Vernberg & Tashian, 1953; Sal
mon, 1967); in Ocean Springs, Mississippi, with r. 
longisignalis (Salmon & Atsaides, 1968.1), where the 
two species occur within sight of each other (Salmon, 
personal communication). 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 606.) 

Observations and Collections. United States: Massa
chusetts, on Cape Cod, near Cotuit; Connecticut; 
New York on Long Island; New Jersey, near Brigan-
tine; Florida, near St. Augustine. 

Films. Long Island; St. Augustine. 

T Y P E MATERIAL AND NOMENCLATURE 

Uca pugnax (Smith, 1870) 

TYPE MATERIAL. In Peabody Museum, Yale Univer
sity, New Haven. Cat. no. 1060; West Haven. Meas
urements of extant specimen in mm: length 11; 
breadth 16.5; propodus 24; dactyl 19. (!) The other 
type-specimens have not survived. The extant speci
men has the right cheliped closely similar to and al
most as large as the left, the propodus measuring 20 
and the dactyl 15. The anomaly was described by 
Smith (1870: 133), who noted in addition: "The 
specimen which was examined while alive was very 
active and used both hands with equal facility." This 
specimen is also the subject of a preliminary note by 
Smith (1869.2), headed "A Fiddler-crab with Two 
Large Hands," in which he remarks: "It does not ap
pear to differ from the common Gelasimus palustris 
except in the right cheliped. . . . " (For comments on 
palustris, see p. 324.) 

Uca virens Salmon & Atsaides, 1968 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Cat. no. 
121598. Type-locality: Port Aransas. Measurements 
in mm: length 12; breadth 21; propodus 34; dactyl 
24.5. (!) 

Additional type material. Same locality: paratype 
male; cat. no. 122205. (!) 

Uca (Minuca) [galapagensis] pugnax 
pugnax (Smith, 1870) 
(From the northeast coast of 
Cape Cod to Daytona Beach) 

MORPHOLOGY 

With the characteristics of the species. 
In both sexes, p. pugnax differs from pugnax 

virens in having the eyebrow almost always strongly 
inclined and somewhat narrower; and in never hav
ing the anterior margin of the front appearing trun
cate; female gonopore with posterior edge slightly 
raised, and a minute tubercle present or absent. 

The distinctions between p. pugnax and r. rapax 
in their zone of coincidence are given on p. 197. 

From the other two Uca occurring north of Flor
ida, p. pugnax is distinguished on pp. 177 and 225. 

Uca (Minuca) [galapagensis] pugnax 
virens Salmon & Atsaides, 1968 
(Gulf of Mexico, from Ocean Springs west and 
south to Coatzacoalcos, Mexico) 

MORPHOLOGY 

With the characteristics of the species. 
In both sexes pugnax virens is distinguished from 

p. pugnax as well as from two sympatric Minuca 
along the northern Gulf coast, minax and rapax 
longisignalis, by never having the eyebrows strongly 
inclined; from rapax longisignalis, p. virens differs 
clearly, in both sexes, by the absence of pile on the 
lower margins of the ambulatories. 

Examination of additional material has shown 
that several characteristics given in the type descrip
tion, although sometimes diagnostically helpful, are 
unreliable, because of variation in p. virens or in the 
other two sympatric Minuca in the north. While the 
tuberculate ridge inside the major carpus is always 
interrupted, being divided into two parts, as de
scribed, in p. virens, a similar interruption sometimes 
occurs in r. longisignalis and in minax. Again, while 
in most specimens of p. virens the front appears 
somewhat truncate, at least in an antero-dorsal view, 
this characteristic is occasionally ambiguous or ab
sent. The tuberculation of the palm also proves to 
be too variable to provide trustworthy characters. 

Finally, the gonopod, as in related forms in this 
subgenus, shows no characteristics of diagnostic reli
ability, its form and extent of variation appearing 
closely similar to those of p. pugnax and about equal
ly similar to both subspecies of rapax. Examination 
of the type material showed that the spines around 
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the pore, referred to in the type description and il
lustrated in its accompanying figure, are a combina
tion of stiff bristles (often very deceptive in these 
species) with the narrow tips of the inner process 
and both flanges, all of which project slightly beyond 
the pore. Although the anterior flange usually pro
jects distinctively this projection forms at best a sup
plementary character; sometimes, too, its narrowness 
is apparent only, since it is then joined to the pore 
by a slanting, transparent section. In one individual 

REFERENCES AND SYNONYMY 

Uca (Minuca) pugnax (Smith, 1870) 

Note. U. pugnax is one of the species of Uca that 
have been used extensively in laboratory investiga
tions. These have concerned principally endogenous 
rhythms of various kinds and the hormonal control 
of chromatophore activity. Key references appear on 
p. 448. 

TYPE DESCRIPTION. See under U. (M.) pugnax pug
nax, below. 

Uca (Minuca) pugnax pugnax 
(Smith, 1870) 

Gelasimus vocans (not Cancer vocans Linnaeus) 

Gould, 1841: 325 (part). U.S.A.: Massachusetts. 
Taxonomy, habitat, and habits (digging), all treated 
briefly. 

Gelasimus vocans, var. A 

De Kay, 1844: 14; PL 6, Fig. 10. U.S.A.: New 
York. Taxonomy; habitat. 

"A Fiddler-crab with Two Large Hands" 

Smith, 1869.2: 557. Preliminary note on the type-
specimen now extant. 

Gelasimus pugnax 

TYPE DESCRIPTION. Smith, 1870: 131; PL 2, Fig. 1; 
PL 4, Figs. 2-2d. Type-locality ( = of specimens fig
ured): New Haven; other localities on northeast 
coast, U.S.A. (Yale, 1 male !) 

Verrill, 1873: 367, 377, 466, 468, 545. U.S.A.: 
Massachusetts. General (not local) distribution; basic 
ecology and habits; no display or combat. 

Verrill & Smith, 1874: 73, 83, 172, 174, 251. A 
reissue of Verrill, 1873. 

Kingsley, 1878: 321. U.S.A.: Georgia. Local hab
itats. 

Uca pugnax 

Rathbun, 1900.2: 585. Key. 

the tip of the anterior flange appeared broken, per
haps during copulation. 

In Tampico, Mexico, and doubtless slightly farther 
south, p. virens is sympatric with vocator; in the male 
the absence of pile on the ventral surfaces of the am
bulatories in p. virens distinguish it easily, as do the 
strong development of the oblique ridge inside the 
palm and the very different form of the gonopod; in 
the female the flat edge of the gonopore contrasts 
with the uneven, tuberculate margin found in vocator. 

Rathbun, 1905. U.S.A.: northeastern states. Local 
distribution. 

Fowler, 1912: 454. U.S.A.: New Jersey. Taxon
omy; habits. 

Schwartz & Safir, 1915. U.S.A.: New York. Ecol
ogy; habits. 

Hay & Shore, 1918: 451. U.S.A.: North Carolina. 
Taxonomy; color; ecology; habits, including breed
ing season. 

Rathbun, 1918.1: 395; PL 139 (photos). East 
coast of U.S.A. from Provincetown, Massachusetts, 
to Myrtle Bush Creek, South Carolina. Not the spec
imen from New Orleans, Louisiana. Taxonomy. 
(Par tUSNM!) 

Pearse, 1928: 23Iff. U.S.A.: North Carolina. 
Ecology; tests on toleration of desiccation and fresh 
water. 

Boone, 1930: 220; PL 74. U.S.A.: New York. 
Taxonomy. 

Crane, 1943.3: 217. U.S.A.: northeastern states. 
Taxonomy; color; waving display. 

Crane, 1957. U.S.A.: northeastern states. Prelimi
nary classification of waving display. 

Teal, 1958. Illus. U.S.A.: Georgia. Local distribu
tion; ecology; experiments on tolerances for different 
foods, temperatures, and salinities, as well as on sub
strate preferences; comparisons with sympatric spe
cies. 

Teal, 1959. Illus. U.S.A.: Georgia. Respiration 
and its relation to ecology. 

Miller, 1961. U.S.A.: North Carolina. Feeding 
mechanisms and their adaptations. 

Miller, 1965. U.S.A.: Morphology, physiology, 
and ecology in relation to distribution. 

Salmon, 1965. Illus. U.S.A.: North Carolina. 
Waving display and sound production in courtship. 

Salmon, 1967: 450; Illus. U.S.A. Distribution in 
Florida. Waving display; sound production. 

Salmon & Atsaides, 1968.2. Illus. U.S.A. Included 
in their general paper on visual and acoustical signal
ing in Uca. 
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Uca (Minuca) pugnax virens 
Salmon & Atsaides, 1968 

Uca virens 
TYPE DESCRIPTION. Salmon & Atsaides, 1968.1: 281; 
Text Figs. 2, 3, 5, 6, 7. U.S.A.: Mississippi: Ocean 

Springs; Texas: Port Aransas. Color; waving dis
play; sound production. (USNM !) 

Salmon & Atsaides, 1968.2. Illus. U.S.A. No new 
material. Included in their general paper on visual 
and acoustical signaling in Uca. 
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35. UCA (MINUCA) ZACAE CRANE, 1941 

(Tropical eastern Pacific) 

PLATE 28 A-D. MAP 14. 
FIGURES 68 F; 100. TABLES 9, 10, 19, 20. 

INTRODUCTION 

Uca zacae at the moment appears to be a somewhat 
unimpressive member of its subgenus. The crabs are 
almost the smallest in the group, dark in color, with 
only a single jerk in their waving display, infrequent 
drumming, minimal combats, and a known range 
covering a short strip of coast. Nevertheless a few 
populations observed briefly in life were all easily 
accessible, crowded, lively, and showing hints of ag
gressive behavior that nowadays would demand 
analysis. These fiddlers will certainly repay some 
concentrated attention. 

MORPHOLOGY 

Diagnosis 

Front wide; orbits strongly but not extremely oblique, 
with antero-lateral margins short but definite. Outer 
major pollex with a shallow, triangular depression 
supraventrally at its base; palm without an oblique, 
tuberculate ridge which is represented if at all by a 
few minute tubercles close to carpal cavity; center 
palm entirely smooth; a few granules present sub-
dorsally; proximal ridge at dactyl base not diverging 
from distal; manus not tumid; no backwardly di
rected heel. Gonopod with anterior flange projecting 
scarcely or not at all beyond posterior flange; inner 
process narrow, flat, tapering. Gonopore crescentic. 

Description 

With the characteristics of the subgenus Minuca (p. 
154). 

MALE 

Carapace. Front only moderately wide for the sub
genus, contained about 4 times in width of carapace 
between antero-lateral angles, where it is widest; an
gles project scarcely or not at all, being about recti
linear; orbits strongly but not extremely oblique; 
antero-lateral margins distinct, short, straight or 
slightly convex, slightly converging, broadly angled 
posteriorly; dorso-lateral margins moderately con
verging. Upper postero-lateral stria long; lower short, 
weak, or absent. Suborbital region and adjacent 
floor of orbit not densely setose; crenellations mod

erately developed externally, weak to absent internal
ly. H-form depression with traces of pile. 3rd to 6th 
abdominal segments partly fused. 

Major Cheliped. Ventral margin of merus with two 
rows of fine serrations proximally, changing distally, 
especially in anterior row, to small tubercles. Manus 
of normal thickness and not unusually broad in com
parison to its length, being at least 1.5 times longer 
than broad; fingers clearly longer than palm in speci
mens with a carapace length approaching 6 mm. 
Lower part of outer manus with a row of tubercles 
supramarginally, small and beaded proximally but 
large and separated in distal half and stopping at pol
lex base; a shallow, triangular depression, distinctly 
bounded, at base of pollex. Large tubercles covering 
less than upper half of outer manus. Palm without 
tuberculate, oblique ridge; central part of palm 
smooth, not granulate or tuberculate; beaded inner 
edge of dorsal margin curving down around carpal 
cavity, there being no connection from carpal cavity 
to depression of upper palm; this depression is weak
ly tuberculate; proximal ridge at base of dactyl not 
diverging from distal ridge. Pollex and dactyl both 
normally shaped for the subgenus, not short, deep, 
and thick, the dactyl curving down beyond pollex as 
usual. Prehensile edge of pollex with inner row of 
tubercles obsolescent to absent and outer row weak, 
although median row is strong; just before the tip a 
large tubercle stands close to outer edge, followed 
distally by two small ones; these three apparently be
long to the middle, rather than outer, row and repre
sent in rough form the small, outer, distal crest found 
in the superspecies galapagensis. Proximal half of 
dactyl's prehensile edge usually with several, 
rounded tubercles, enlarged and about equally 
spaced. 

Minor Cheliped. Palm normal, not broad and thick. 
Gape narrow, but broader than usual in the subgenus. 

Ambulatories. Meri slender, their dorsal edges prac
tically straight. Legs without pile, except for sparse 
patches sometimes present dorsally on carpus and 
proximal manus of each, but easily abraded and per
haps variable. 

Gonopod. Flanges broad, of similar breadth and 
length, scarcely concave. Inner process narrow, ta-
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pering, thin enough to be translucent, closely applied 
to posterior flange, the anterior being completely un
covered as is the path of the canal throughout the 
length of the flanges except at their extreme base; 
pore opening posteriorly, not distally, the flanges ap
pearing fused in front of canal. Thumb well devel
oped, but arising far below flanges and ending below 
their base. 

FEMALE 

Gonopore. Crescentic; outer lip thickened but with
out tubercle. 

Measurements (in mm) 

Holotype male 
Largest female 

Length 

6.9 
6.1 

Breadth 

11.0 
9.1 

Propodus 

15.1 

Dactyl 

9.5 

Morphological Comparison and Comment 

Although not as extremely paedomorphic in form as 
pygmaea, zacae's most obvious specializations are 
along the same lines, the orbits being markedly 
oblique, claw not strongly leptochelous, and with 
tuberculate, oblique ridge of palm absent. In com
parison with more characteristic members of the sub
genus Minuca its front is relatively narrow, the gape 
in the small chela somewhat wide, the legs unusually 
narrow and, finally, the gonopod more similar to 
those of certain Celuca. All of these characters, in 
fact, have much in common with the less specialized 
members of that subgenus, although it shares a 
majority of characters with Minuca, including the 
jerking form of its waving display. Undoubtedly it 
should be considered an intermediate species. 

Adults of zacae are easily confused with young 
galapagensis, from which they differ as follows: 
Orbits more oblique in zacae, fingers longer than 
palm, merus of each ambulatory slender, relatively so 
even in females. Finally, the male gonopods do not 
have the anterior flange projecting distinctly beyond 
the posterior, as is always true in g. herradurensis, 
while the inner process is relatively inconspicuous, 
unlike its form in other Minuca, both adults and 
young. 

Two males and a female of the subgenus Minuca, 
all now in bad condition, were taken on Cocos Is
land, well off the coast of Costa Rica. The larger 
male, measuring about 9 mm long with a propodus 
of 22.5 mm, is much larger than other known speci
mens and its peculiarities may be due only to size. 
Its characteristics include less oblique orbits than are 
found in zacae as now understood, and there are 
traces of an oblique ridge on the palm. The other 
specimens are small and in even less good condition. 

Certain identification must await more material. Be
cause of the geographical interest combined with the 
questionable identity, the large male is listed on p. 
327. 

Color 

Displaying males: Display whitening absent. Cara
pace dark, marbled with gold color and black; major 
cheliped with outer manus reddish brown to pinkish 
orange; fingers white. 

SOCIAL BEHAVIOR 

Waving Display 

Wave lateral straight, the cheliped unflexing oblique
ly upward, usually with one jerk during elevation; 
sometimes, instead, the elevation is unbroken while 
a jerk occurs on the descent. During elevation one or 
both of the middle ambulatories on each side are 
raised high off ground, held there at wave's peak, 
then brought down along with cheliped with apparent 
force. At higher intensities cheliped is not brought 
all the way to ground between waves. Body held fair
ly high during waving and a few steps usually are 
taken during each wave. Duration of wave about 4 
to 5 seconds. (Components 4, 6, 11, 12; timing ele
ments in Table 19, p. 656.) 

Acoustic Behavior 

Major manus drumming (component 9) observed 
but not filmed at burrow mouth during courtship. Its 
use, and that of other possible acoustic components, 
not observed clearly enough during agonistic behav
ior for description. 

RANGE 

Tropical eastern Pacific from Los Blancos, El Salva
dor, to Golfito, Costa Rica; questionably from Cocos 
Island. 

BlOTOPES 

Mud and muddy sand flats close to mouth of streams, 
usually near mangroves, sometimes on the stream 
banks themselves when flat or gently sloping; some
times on flats behind the fringing mangroves; occa
sionally in almost or wholly fresh water slightly up
stream from mangrove limits. (Biotope nos. 9, 12, 
14, 15.) 

SYMPATRIC ASSOCIATES 

As in U. galapagensis (p. 186). 
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MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 607.) 

Observations and Collections. Nicaragua: Corinto; 
San Juan del Sur. Costa Rica: Golfito. 

Films. Golfito. 

REFERENCES AND SYNONYMY 

Uca (Minuca) zacae Crane, 1941 

Uca zacae 

TYPE DESCRIPTION. Crane, 1941.1: 175; Text Figs. 
4c, 5; PI. 2, Fig. 5. Nicaragua; Costa Rica. (USNM 
0 

Holthuis, 1954.1: 41. El Salvador. Habitat. 

TYPE MATERIAL AND NOMENCLATURE 

Uca zacae Crane, 1941 
HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137426 (formerly New York Zoological Society cat. 
no. 381,112); Golfito, Costa Rica; length 6.9 mm 
(see p. 207). Also deposited: 27 paratypes, males 
and females, cat. no. 137427 (formerly New York 
Zoological Society cat. no. 381,113): Golfito, Costa 
Rica. (!) 

Holthuis, 1954.2: 162. Reference to 1954.1, 
above. 

Barnwell, 1968.1. Illus. Costa Rica. Chromato-
phoric responses to light and temperature. 

Uca macrodactyla glabromana 
Bott, 1954: 168 (part). El Salvador. Some of 

paratypes should be referred to zacae. (Frankfurt !) 
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36 UCA (MINUCA) SUBCYUNDRICA (STIMPSON, 1859) 

(Western north Atlantic: Gulf of Mexico) 

PLATE 28 E-H. 
FIGURES 67; 100. 
MAP 11. 
TABLE 9. 

INTRODUCTION 

A small crab with an almost cylindrical body, Uca 
subcylindrica is a challenging species of which we 
know almost nothing. So far we have no information 
whatever on the living fiddler, and only a handful of 
preserved specimens, all from southern Texas and 
northern Mexico. 

In addition to an unusually rounded body, this fid
dler has a gonopod of striking form. The proportions 
of the parts are so distorted from their customary 
arrangements that it is not at all certain that the spe
cies should be included in the subgenus Minuca. 
Once we have learned something of its display and 
other characteristics, a change in its suggested sys
tematic position will perhaps be indicated. 

MORPHOLOGY 

Diagnosis 
Front broad; no oblique tuberculate ridge on major 
palm; body subcylindrical; gonopod with distal part 
of inner process divided, appearing fringed. 

Description 

With the characteristics of the subgenus (p. 154). 

MALE 

Carapace. Highly arched, hepatobranchial and bran
chial regions being the most tumid, boundaries be
tween regions indistinct to absent. Front contained 
about 3 times in carapace breadth; widest part of 
carapace is behind antero-lateral angles which are 
almost rectilinear, not produced; antero-lateral mar
gins slightly diverging, sharply angular posteriorly 
at least on one side; dorso-lateral margins weak to 
absent, sometimes present only on major side, some
times not connecting with antero-lateral margin; up
per postero-lateral stria moderately long, but weak, 
sometimes absent; lower stria very weak to absent. 
Suborbital crenellations small but well formed 
throughout, similar, scarcely enlarged around orbit's 
outer angle; suborbital region with long, curved setae 
but no pile. Abdomen unusually broad. 

Major Cheliped. Ventral margin of merus with two 
rows of tubercles, sometimes irregular, sometimes 
partially joined by transverse rugosities. Manus with 
outer surface entirely covered with small tubercles of 
similar size throughout, scarcely or not at all larger 
near upper margin; slightly bent over; subdistal 
groove absent but a strong row of close-set tubercles 
present along most dorsal part of manus, ending dis-
tally in a direct line with upper border of proximal, 
subdorsal groove on dactyl; ventral margin with a 
tuberculate keel and adjacent groove above it, the 
tubercles close set, almost beaded, throughout, larg
est distally near pollex base where it ends abruptly; 
lower distal part of manus also with a tuberculate 
ridge that continues to run along middle of pollex 
where the tubercles decrease in size and die out, al
though the ridge itself may continue almost to pollex 
tip; no marked groove above this ridge; pollex base 
above ridge depressed, the depression continuing 
partway along pollex as a shallow groove but not as 
well marked as in Indo-Pacific Deltuca; no enlarged 
heel on manus. Palm with lower triangle smooth; 
oblique, tuberculate ridge absent but central area and 
region of ridge covered with small tubercles; beaded, 
upper edge of carpal cavity scarcely curving down
ward, so that cavity connects by a trench, scarcely 
interrupted by granules, with the predactyl area; both 
predactyl ridges strongly tuberculate, with proximal 
ridge parallel to adjacent groove. Prehensile edge of 
pollex with tubercles of outer and inner rows weak 
to obsolescent, but of inner row strong; a small, dis
tal, tuberculate crest, similar to that found in the 
superspecies galapagensis, but with its tubercles usu
ally not individually distinct. Dactyl little longer than 
manus with a strong, subdorsal groove, a faint sug
gestion of a lateral groove beneath it, running at least 
half the outer dactyl's length, and a row of large 
tubercles proximally on prehensile edge. 

Minor Cheliped. Fingers both broad, gape almost 
absent. 

Ambulatories. Moderately slender, the dorsal mar
gins of meri being usually slightly convex; meral ar
mature extremely weak, and virtually absent on ven-
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tral margins; these margins, as well as the usual areas 
more distally, have exceptionally long, curved, 
spaced, moderately stiff setae. 

Gonopod. Anterior flange narrow and short, project
ing little or not at all beyond pore; posterior flange 
very broad, its base apparently traceable far down 
shaft, its outer half (farthest from pore) greatly pro
duced; this portion of the flange alone is covered by 
the minutely divided distal half of the inner process, 
the most anterior "fringes" being short while the rest 
are progressively longer, the most posterior extend
ing slightly beyond distal projection of posterior 
flange. Pore large, its opening distal, between the 
flanges. Thumb vestigial, represented by a broad, 
slight shelf, displaced by the tip's torsion from its 
usual relation to the other elements. 

FEMALE 

Gonopore extremely large, oval, with the long axis 
directed antero-posteriorly, the margin slightly raised 
except antero-internally. A small tubercle, variable in 
size, at the rim's antero-external boundary; in one of 
the three cotypes this tubercle engages closely with a 
similar tubercle on the concealed, anterior part of a 
projecting spermatophore. The spermatophores in all 
three examples are partly soft, smooth, and slightly 
arched over the sternum. The appearances and large 
sizes of gonopore and spermatophore are unique in 
the genus. 

REFERENCES AND SYNONYMY 

Uca (Minuca) subcylindrica 
(Stimpson, 1859) 

Gelasimus subcylindricus 
TYPE DESCRIPTION. Stimpson, 1859: 63. Matamoros, 
Mexico. (MCZ !) 

Smith, 1870: 137; PI. 4, Figs. 6-6b. Types dis
cussed and illustrated. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male (Cotype) 11.5 18.5 21.5 15.5 
Largest male (USNM) 11.0 (damaged) 25.0 16.5 
Moderate male 10.0 16.0 18.0 11.0 
Largest female (Cotype) 12.0 20.0 

RANGE 

Known only from the United States, near the south
west shore of Texas, and from the adjacent part of 
Mexico, on the Rio Grande. 

T Y P E MATERIAL AND NOMENCLATURE 

Gelasimus subcylindricus Stimpson, 1859 

COTYPES. In Museum of Comparative Zoology, Har
vard University, Cambridge, Massachusetts: cat. no. 
1327; 1 male, 3 females, type-locality: Matamoros, 
Mexico, on the Rio Grande; collected by M. Berlan-
dier; deposited by Lieut. Couch, U.S. Army. (!) 
Measurements: see above. 

In the Museum d'Histoire Naturelle, Paris, are 2 
male subcylindrica collected by Stimpson in the type-
locality. They are listed by the museum as question
able "types non specifies." Rathbun (1918.1: 419) 
concurs: "Perhaps these also are cotypes." (!) 

Since no confusion exists, no lectotype has been 
designated. 

Uca subcylindrica 
Rathbun, 1900.2: 585. Key. 
Rathbun, 1918.1: 419; PI. 155; PI. 160, Fig. 5. 

Corpus Christi and near Santa Rosa, Cameron Co., 
Texas, U.S.A. (USNM!) 
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and west coasts of America; Indo-Pacific) Typus: Uca deichmanni Rathbun, 1935. (East 

PLATES 29-43. 
GONOPOD DRAWINGS: FIGURES 68 (part), 69-71. 
DENDROGRAMS: FIGURES 96, 101. 
MAPS 7, 15, 16, 17, 21. 

TABLES 1, 8, 9, 10, 12, 14, 19, 20. 

MORPHOLOGY 

Diagnosis 

Very small to moderate-sized Uca with front moder
ate to wide; antero-lateral margins varying from short 
to long but always posteriorly angled, not curving. 
Carapace profile strongly arched (except in inaequa-
lis and allies) and sometimes fully semi-cylindrical. 
Eyestalks of moderate length and diameter, not near
ly filling orbits; suborbital marginal crenellations, al
though rarely absent, usually definite and often large 
throughout, never obscured by projecting setae. Spe
cial armature sometimes present on lower proximal 
palm and anterior surface of 1st major ambulatory; 
carpal cavity often with beaded ridge on upper mar
gin; cavity sometimes extended distally; major pollex 
sometimes with ventral carina; tip of major dactyl 
sometimes with a minute crest; major manus with all 
tubercles small except sometimes near upper margin 
which is then strongly bent over, often flattened. 
Small cheliped various but with gape sometimes very 
wide with serrations vestigial to absent. Gonopod 
with flanges present or absent, the tip often a project
ing tube; thumb often vestigial, represented by a nub
bin or shelf far from gonopod's tip. Female gonopore 
never with a tubercle except in one subspecies of 
speciosa. Segments of male abdomen sometimes part
ly fused. 

Description 

With the characteristics of the genus (p. 15). 

MALE 

Carapace. Front moderately wide, its breadth be
tween eyestalks always more than twice basal breadth 
of erected eyestalk; not spatulate, the narrowest part 
not lying between eyestalk bases, but tapering grad
ually to a broadly rounded tip; frontal breadth meas
ured between inner eyebrow margins contained from 
about 6 to about 3 times in carapace width between 
tips of antero-lateral angles. Orbits usually slightly 
oblique; rarely moderately to strongly oblique (argil-
licola, helleri, triangularis) or virtually straight 

(crenulata, latimanus); always moderately sinuous, 
because of projecting inner eyebrow and, sometimes, 
antero-lateral angle. Antero-lateral angles usually 
rectangular or nearly so, uncommonly acute and pro
duced antero-laterally. Antero-lateral margins dis
tinct from dorso-laterals except in triangularis; short 
except, rarely, as long as is characteristic of the sub
genus Minuca; edge straight or slightly concave; di
rection ranging from slight convergence through 
straight to divergence; continuing into dorso-lateral 
margins either with an angular or rounded turn. 
Dorso-lateral margins ending about mid-cardiac re
gion; well developed except in several species; never 
absent. Postero-lateral striae present except in tri
angularis, although variable within species, some
times weak, and in some individuals absent; usually 
one pair only of raised, obliquely transverse lines, 
curved or straight, roughly parallel to end of dorso
lateral margin, about midway between end of that 
margin and postero-lateral angle of carapace; rarely 
two pairs of striae. Vertical lateral margin strong and 
continuing to angle between antero-lateral and dorso
lateral margins, except for weakness in the dorsal 
half in beebei, stenodactylus, triangularis, and lactea, 
and its total obsolescence in musica. Armature of the 
above dorsal and lateral margins and raised lines is 
confined to minute beading, often extremely fine and 
difficult to distinguish even under high power and 
with a fine needle; sometimes it appears altogether 
lacking; there is individual variation within species; 
when present in one locality it is usually also visible 
in the others; serrations, tubercles, and spinules are 
altogether absent; beading of vertical lateral margin, 
when present, usually continues posteriorly along 
ventral margin of carapace above bases of 3rd and 
4th ambulatories, ending at the postero-lateral angle. 
Lateral carapace margins little converging except in 
triangularis. Carapace profile in lateral view strongly 
arched, except in inaequalis and several related 
forms; it is virtually semi-cylindrical in beebei, steno
dactylus, and latimanus; hepatic and branchial re
gions in the most convex species usually tumid and 
confluent; branchial region sometimes partly divided 
by a longitudinal furrow; furrows between regions 
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deeply marked only in oerstedi. Dorsal surface 
smooth, except for minute granules antero-laterally 
in several species, and for patches of pile in speciosa, 
oerstedi, inaequalis, and tomentosa. 

Suborbital region flat or slightly concave; setae 
confined, at least in preservative, almost always to a 
submarginal row. Pterygostomian region moderately 
convex, strongly so in all species having the carapace 
nearly semi-cylindrical; slightly rugose or tubercu-
late, especially antero-laterally; always covered en
tirely with setae, sparse to moderately plentiful, 
which thin out laterally. 

Frontal margin slightly raised, usually continuous, 
rarely weak or absent distally; entire margin always 
completely smooth with no trace of beading. Eye
brow always distinct, slightly or moderately inclined, 
the lower margin curved, broadest toward end of in
ner quarter or third, tapering externally; inner 
boundary a definite, oblique, raised line, well beyond 
outer base of eyestalk, confluent with base of frontal 
margin; outer boundary except in saltitanta, lactea, 
and deichmanni always extending beyond level of 
base of eye when eyestalk is depressed. Maximum 
width ranging from less than one-quarter the diame
ter of adjacent part of depressed stalk to slightly 
more than its breadth; both extremes are rare. Upper 
and lower raised margins always well developed, the 
lower slightly the stronger except in lactea; fine bead
ing almost always distinguishable on both and trace
able externally beyond eyebrow, on upper orbital 
margin, as far as base of antero-lateral angle; this 
beading, however, is sometimes so little developed 
that it is distinguishable chiefly by contrast with the 
smoothness of the adjacent front and antero-lateral 
angles. Like the margin itself the beading is almost 
always stronger on lower than upper edge. 

Floor of orbit smooth, without mound, ridge, or 
tubercles, except in some triangularis; a single sub-
marginal row of short setae. Suborbital margin pro
jecting but scarcely or not at all rolled outward, al
though the marginal crenellations are set obliquely, 
being directed in general forward and upward; sinu
osity of margin slight to moderate. Crenellations al
ways present even internally except in some inaequa
lis and its allies, although often fused except distally; 
inner smaller than outer, often much smaller; extent 
from close to inner corner of orbit at least to antero-
external angle and sometimes, as isolated, often 
slightly smaller tubercles, continuing completely 
around external margin of orbit; details, both of this 
outer extent and of the individual forms of crenella
tions and tubercles, often notably variable within 
species, including the two sides of the same individ
ual. A narrow, channel-like groove, free of tubercles, 
always present on outer, posterior margin of orbit, 
beneath base of antero-lateral angle. Lower side of 
antero-lateral angle sometimes rounded but usually 

marked by a definite edge, blunt or sharp; probably 
always in intact specimens with a row or cluster of 
setae in its basal part, rarely with one or two minute 
basal tubercles or spinules; distal portion of edge, 
whether sharp or blunt, always unarmed (except in 
some triangularis and lactea), extending to apex of 
antero-lateral angle. Eyestalks relatively short and 
thick (except in lactea), although still not fitting or
bits closely. 

Second Maxilliped. Spoon-tipped hairs moderate to 
numerous, attaining the largest numbers in the genus. 

Third Maxilliped. Ischium with central portion rang
ing from almost flat to strongly convex, the longi
tudinal grooves weakly marked, medially absent in 
convex forms. Merus very short. Gill small to ves
tigial, without distinct books. 

Major Cheliped. Ischium with or without a few mi
nute tubercles, variable, on some part of distal 
margin. 

Merus without high crests or large tubercles, but 
always with rugosities on parts of dorsal and poste
rior surfaces, and with small tubercles, serrations, 
rugosities, or a combination of these armatures along 
the margins. 

Postero-dorsal margin developed only proximally, 
except in triangularis; the corresponding region dis
tally consists of the unangled, convex merging of 
dorsal and posterior surfaces. In its developed, prox
imal portion this margin is usually marked by rugosi
ties which are longest and strongest toward end of 
margin, before middle of merus; here the latter pro
jects posteriorly in a more or less pronounced heel
like convexity; often the margin is a low, blunt ridge, 
unarmed except for a few rugosities at its end on the 
convexity; rarely the margin is simply the faintly 
angled boundary between dorsal and posterior sur
faces. 

Dorsal surface proximally always almost or com
pletely flat; smooth, except, sometimes, for a few 
setae; this area is of variable length and breadth, 
usually about one-fourth to slightly more than one-
half length of merus and roughly trapezoidal in 
shape, the distal margin being oblique. The remain
ing, more distal part of dorsal surface, which projects 
beyond carapace, is bent at a slight angle to the prox
imal part, and is slightly convex or flat but never con
cave; it is abruptly rugose, the rugosities all definitely 
tuberculate, strong or weak, and always weakest in 
postero-distal part of surface. 

Antero-dorsal margin convex at least distally, 
sometimes strongly arched throughout; always dis
tinct for entire length of merus, though sometimes 
blunt proximally. Tubercles, serrations, rugosities, or 
some combination of these forms present at least dis
tally, where they are always largest, often as the cul
mination of a graduated series. Extreme, cuff-like 
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end of merus with or without minute distal tubercles 
dorsally and antero-dorsally. 

Anterior surface vertical, flat, usually smooth ex
cept for a small cluster of tubercles or rugosities dis-
tally just below end of antero-dorsal margin; rarely 
this cluster is lacking; rarely the entire anterior sur
face is finely granulous. 

Ventral marginal armature ranging from an irreg
ular band of small tubercles, extending slightly sub-
marginally on each side, to a single row of large, 
strong serrations; armature always strongest distally. 

Posterior surface ranging from moderately rugose 
to, rarely, practically smooth. The roughest portion 
is always that of the posterior protuberance, while 
the rugosities are always weaker and less numerous 
there than on highest parts of dorsal surface. 

Details of the armature of all parts of the merus 
are unusually variable even within populations. On 
the dorsal and posterior surfaces, as well as proximal-
ly on the postero-dorsal margin, the rugosities vary 
in spacing, length of the striae, and size of the sur
mounting tubercles. The armatures of the antero-
dorsal and ventral margins are even more variable. 
Sometimes a particular series is best described in one 
individual as a continuous band of small tubercles, 
in a second as a row of serrations, in a third as a 
margin of short rugosities, and in a fourth as a com
bination of these structures. Often, also, the proxi
mal part of any margin may be wholly unarmed in 
some specimens, minutely tubercled or rugose in 
others. Because of the prevailing variation, only un
usual characteristics of diagnostic value, or of poten
tial functional interest, will be mentioned in the de
scriptions of species. 

Carpus: Postero-dorsal surface usually rugose, at 
least in dorso-distal half; rarely tuberculate or 
smooth. Anterior margin usually sharp, bent over, 
with a few small tubercles proximally; distal portion 
often concealed by pile; rarely poorly marked and 
unarmed. Anterior surface usually with an indistinct, 
low, blunt, smooth, oblique ridge that is rarely sur
mounted by one or more tubercles. 

Manus: Outer surface usually appears smooth in 
comparison with species in Deltuca and Afruca; 
small to very minute tubercles, however, always 
cover the entire area, except close to pollex and dac
tyl. Usually the tubercles are slightly enlarged on 
upper manus, but again smaller or altogether absent 
near the dorsal margin, or the surface is often rough
ened by various devices; adjacent to the subdorsal 
groove the tubercles are often minute or altogether 
absent; tubercles smallest near ventral margin, absent 
from neighborhood of pollex base, and almost absent 
from cuff bounding base of dactyl. Rarely a longi
tudinal band of slightly enlarged tubercles covers a 
secondarily convex area near base of lower dactyl 
and of gape. Sometimes part of upper manus appears 

eroded because of irregular linear arrangements of 
the tubercles which are sometimes raised on rugosi
ties and sometimes enclose smooth cells. 

Upper part of outer manus usually characterized 
by definitely bending toward the inside and by broad
ening, flattening, and conspicuous roughening of the 
dorsal margin which, because of the bending, prox
imally overhangs the carpal cavity. These specializa
tions are achieved by a variety of means, largely 
species-specific and, in comparison with merus arma
tures, only moderately variable within species. The 
general range is as follows: About at level of cuff, 
upper third or less of manus begins to bend gradually 
inward to varying extents, so that dorsal margin coin
cides proximally with that of upper part of carpal 
cavity, which it overhangs; more distally, the margin 
broadens, usually to form a narrowly triangular area 
that continues to base of dorsal part of dactyl. With 
a few exceptions, the triangle is more or less flat and 
partly or wholly tuberculate; usually the tubercles 
differ from those of nearby outer surface in various 
characteristics; often these tubercles are smaller, 
sometimes pointed and slanted distally, sometimes 
arranged in oblique rows directed distally and inter
nally. A submarginal groove usually bounds most of 
area externally, starting proximally and continuing 
almost to dactyl base. Above and contiguous with 
the groove is the margin's best-defined portion, usual
ly consisting of a beaded edge along uppermost part 
of carpal cavity and usually continuing distally, after 
cavity edge has curved downward, as a row of more 
or less regular tubercles. Inner boundary of triangle, 
however, is usually indistinct, differentiated from ad
jacent upper palm chiefly by the beginning of the 
palm's verticality, and often by the absence of tuber
cles on adjacent area inside palm. Occasionally there 
is a definite inner edge, characterized by special 
tubercles; sometimes neither outer nor inner edge of 
dorsal margin is defined in distal portion. 

Cuff outside base of dactyl almost always smooth 
except for a vertical row of several large tubercles 
marking start of outer subgape row of tubercles on 
pollex. Rarely a few minute tubercles are scattered 
on ventral portion; very rarely the cuff is absent, 
there being no groove bounding the region at base 
of dactyl from rest of manus. 

Lower distal outer manus at pollex base always 
flattened about to level of adjacent pollex, almost al
ways smooth and sometimes with a large, indistinct, 
very shallow depression (exceptions are argillicola 
and triangularis, each having the depression small, 
definite, and relatively deep). Along lower edge of 
this flattened area a keel sometimes starts which con
tinues along the outer side of pollex and is sometimes 
tuberculate. Ventral margin of manus ranging from 
merely angled, through a regular row of tubercles or 
beading, to strongly keeled; keeled margins are usual-
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ly surmounted by tubercles; the margin, whatever the 
type of armament, is often flanked externally by an 
adjacent groove. These ventral specializations always 
start slightly distal to proximal end of manus, which 
is always roughened, and end either at pollex base 
or continue throughout part or all of pollex. Tuber
cles and groove are sometimes strongest proximally, 
rarely distally, under pollex base, and sometimes they 
are equally developed throughout. Heel always well 
rounded but never strongly projecting postero
lateral^. 

Palm with proximal lower part forming a charac
teristic triangular area bounded by carpus, lower 
carpal cavity, the steeply sloping oblique ridge, and 
ventral margin; it is always covered at least in lower 
part by minute or extremely minute tubercles; usual
ly they extend over entire surface and almost always 
are larger proximally and near ventral margin than 
elsewhere; sometimes they show a faintly vertical or 
reticulate formation, the spaces between being 
smooth; sometimes there are groups of specially en
larged tubercles in lower, proximal part only, and 
rarely the area is crossed obliquely by a series of 
parallel striae. 

Oblique ridge inside palm ranging from high to 
rudimentary; rarely it lacks tubercles. Apex almost 
always near horizontal level of base of gape, rather 
than lower; apex high or low in height, sometimes 
lower than portion of ridge midway to pollex base. 
Tubercles always small at distal end of ridge near 
pollex base, usually largest on apex, but sometimes 
below level of apex when that part of ridge is higher; 
tubercles sometimes stopping short at apex, some
times continuing partway or entirely to level of pre-
dactyl area below dorsal margin, rarely turning at 
apex and following lower edge of carpal cavity, 
which in these cases is unusually sharp and thin, for 
a short distance proximally. Arrangements of tuber
cles on oblique ridge and around cavity various, but 
usually in a moderately or wholly regular row of sin
gle tubercles, contiguous or slightly separated, and 
often graduated between pollex base and apex, but 
more or less irregular, compound and often inter
rupted when continued toward dorsal margin. 

Central area of palm flat, usually smooth, merging 
gradually with the slight depression at pollex base, 
the latter depression almost always smooth; rarely 
a definite depression in upper part of palm, below 
predactyl depression. 

Carpal cavity showing a wide range of size and 
depth, lower margin thick, thin, or part of carpal at
tachment; distal part either gradually or steeply slop
ing; upper part sometimes with a long extension into 
predactyl area, its width and depth diminishing dis
tally; in other species the cavity is more or less sharp
ly cut off from this area by the downcurving, beaded, 

inner edge of dorsal margin, by other tubercles, and 
by a predactyl ridge or plateau. 

Predactyl area, in species lacking a long extension 
from carpal cavity, usually with a small cavity, more 
or less surrounded by small tubercles and set off from 
the adjacent midpalm area by ridging, or merging 
with it without barriers; predactyl area sometimes 
rugose, or almost smooth, instead of tuberculate. 

Proximal and distal ridges inside base of dactyl 
usually present and tuberculate, the proximal almost 
always strongly developed and parallel to adjacent 
groove and dactyl base, longer than distal ridge, the 
tubercles larger and the more ventral tubercles larg
est; tubercles of proximal ridge rarely subequal. 
Tubercles of distal ridge (cuff) in ventral portion 
only, small, few, sometimes vestigial or absent. In 
lactea only the distal row, instead of the proximal, 
is well developed. Groove between ridges almost al
ways well developed. 

Pollex and dactyl: Almost all species of Celuca 
are clearly leptodactylous, brachydactylism being 
rare, and there being only a slight range within spe
cies, in contrast with the prevalence of wide varia
tion within species of Indo-Pacific subgenera. Pollex 
and dactyl always tapering and moderately com
pressed; almost always clearly longer than manus, 
slender, the dactyl being clearly convex along dorsal 
margin in about distal half or less, curving down
ward just beyond tip of the usually straighter pollex, 
ending slightly below it; viewed from above, the dac
tyl also curves slightly inward, its distal portion, when 
closely apposed to that of pollex, almost always lying 
against a slight depression on inner surface of pollex 
tip. Pollex usually deeper than dactyl; sometimes it 
is very deep proximally, giving it a triangular shape, 
the proximal end of dactyl being then strongly 
oblique and upper part of manus correspondingly 
obliquely truncate. Gape width near middle usually 
slightly greater than depth of adjacent part of pollex, 
but rarely either narrower or wider. Long external 
grooves always absent, although a broader depres
sion is rarely present. Outer, proximal, subdorsal 
groove on dactyl present or absent, but proximal dor
sal tubercles always present, varying in size and ex
tent. Sides of both pollex and dactyl, externally and 
internally, either smooth or covered, partly or whol
ly, by tubercles which are either minute or, rarely, 
small. All three rows of gape tubercles represented 
to some degree in both pollex and dactyl; distally all 
marginal rows are usually weak but sometimes form 
keels, with or without tuberculation. Pollex with inner 
marginal row almost always continuing proximal row 
of tubercles at base of dactyl, while the outer mar
ginal row sometimes similarly continues tubercula
tion of outer cuff: the inner marginal row proximally 
is usually far separated from median row, the inter-
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vening space being smooth except, sometimes, for 
profuse pile; sometimes the space is achieved through 
the proximal absence of the median row; uncommon
ly, the outer marginal row is separated from the 
median. Armature of median row in both pollex and 
dactyl various and variable but usually without either 
striking enlargements of individual tubercles or large 
teeth with tuberculate edges; an arrangement often 
occurring in individuals throughout the subgenus 
consists of one tubercle slightly enlarged near middle 
of pollex and two tubercles on dactyl, well separated 
from both dactyl ends and from each other. Curved 
distal part of dactyl sometimes with median row 
forming a keel surmounted by a graduated series of 
minute, contiguous tubercles, always sharp, some
times serrate; in this area enlarged tubercles or tuber
culate teeth never occur in any species, whether or 
not the specialized keel is present. Pile on proximal 
pollex at base of gape present or absent, sometimes 
long and dense. 

Minor Cheliped. Merus with dorsal margin weakly 
armed with spinulous tubercles, or with continua
tions of the more or less vertical rugosities of postero-
dorsal surface; antero-ventral margin smooth and 
rounded; postero-ventral margin always with a dis
tinct row of tubercles, usually spinulous; postero-
dorsal surface with vertical or oblique rugosities, 
usually tuberculate, often few and feeble and concen
trated dorsally and distally; in triangularis only this 
surface is markedly tuberculate; anterior and ventral 
surfaces smooth; dorso-distal margin either with 
slight irregularities or a series of minute tubercles; 
predistal, dorsal ridge, similarly armed, well devel
oped. Carpus with subdorsal ridge ranging from dis
tinct with minute tubercles to absent. Manus rarely 
conspicuously slender or deep. Mano-pollex ridge al
most always well developed, starting at or near mid
dle of manus and continuing throughout most of pol
lex. Dactyl ridges and intervening groove weak to 
absent. Dactyl almost always clearly longer than 
manus; dactyl and pollex tips usually normal but in 
several species neither distally expanded nor meeting 
perfectly, being slender, tapering, and not making 
contact at the tips. Gape various, ranging from nar
row, with regular serrations, except proximally and 
distally, on prehensile edges to extremely wide, both 
pollex and dactyl being arched and without armature. 
Setae always sparse, except for the usual brush on 
inner distal margins of dactyl and pollex; no setae in 
close-set row or tuft on upper part of palm. 

Except for the almost constant man?-pollex ridge 
and for the strong serrations on the prehensile edges 
in some species, the armature of the minor cheliped 
in this subgenus is comparatively weak throughout. 
Its general trend is from stronger armature in rough

ly the first half of the species in the order listed to 
conspicuous weakness in the variously specialized 
species placed in the second half. That is, rugosities, 
ridges, and serrations are weakest and sometimes 
absent in the latter forms. Throughout the subgenus 
all these characters show considerable individual 
variability in the degree of weakness. With few ex
ceptions, only the width of the gape and the form 
of the armature on the prehensile edges are useful 
in practical taxonomy. 

Ambulatories. Usually slender in comparison with 
those of other subgenera, the meri of even the 2nd 
and 3rd legs moderate to narrow, their dorsal mar
gins slightly convex to practically straight; in only 
several species are these meri notably wide with 
strongly convex dorsal margins. Armature of margins 
weak. Posterior surfaces of meri with finely tubercu
late vertical striae present, vestigial or absent. Ante
rior surfaces of part or all of carpus, manus, and dis
tal part of merus with 1st ambulatory, usually of 
major side only, often with ridges or tubercles in 
species having corresponding specializations on 
manus of major cheliped. Pile rarely present, then 
confined to intersegmental areas, ventral surface of 
manus or dorsal parts of carpus and manus. 

The weakness and variability of the armature of 
the margins and posterior surfaces in this subgenus 
make them impractical characters for taxonomic use, 
although definite species differences do exist and 
would yield, as in the case of minor characteristics 
on the major cheliped, to detailed analysis (see p. 
462). 

Abdomen. Middle segments sometimes more or less 
fused. 

Gonopod. Various, ranging from forms with flanges 
wide to absent, the pore from small, below lip of 
confluent flanges to large and funnel-like at extreme 
end of the protruding, narrow corneous shaft. The 
only characteristic in common is the relation of pore 
to thumb, the latter always ending well below the 
former, often far below; in some of the latter exam
ples the thumb is vestigial. Inner process always flat, 
closely applied to shaft or flange, inconspicuous, 
often translucent; usually either narrow and spinous 
or triangular, the apex sharp. Torsion absent or 
slight. 

FEMALE 

With the characteristics of females in the genus (p. 
17), when the following annotations are taken into 
account. Otherwise as in male, as described above. 

Because of the superficial feminization of the cara
pace in males through its arching and armature, 
the carapace in females differs little or not at all from 
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that of males in breadth, degree of arching, shallow
ness of grooving, and length of antero-lateral mar
gins, although in almost all species the orbits are 
slightly less oblique, while the eyebrow is wider and 
less inclined, as characteristic of females in other 
subgenera. The armature, including ridges, beading, 
tuberculate striae, and serrations on carapace and 
cheliped, is in most species slightly stronger than in 
males, as elsewhere in Uca; only the ambulatories, 
however, are always clearly much more strongly 
armed than in males, their meri as usual somewhat 
broader. The suborbital crenellations, which in some 
other subgenera are larger and more extensive than 
in males, in Celuca are little if at all larger and then 
only toward the inner end; in the more specialized 
species, arranged in this study in about the second 
half of the subgenus, the crenellations of both sexes 
are markedly large and extensive and, in several spe-
ies, are even stronger in males than in females. 

A detail of interest in the armature of the female 
cheliped concerns the variable presence of minute 
tubercles or granules on the antero-ventral margin of 
the merus. This area in males is apparently always 
rounded and unarmed, save for the usual short prox
imal and distal ridges. In females, one side is almost 
always armed with minute tubercles surmounting the 
ridges, with or without non-linear granules between; 
there is considerable individual variation, and some
times the roughening is present on both sides; in only 
one species, festae, does it take the constant form of 
a well-marked row of small tubercles throughout the 
margin's length. 

As elsewhere in the genus, fine granulation over 
part or all of the carapace sometimes occurs, al
though absent in males except in one species (lati-
manus). When pile occurs on the carapace in males 
in a species-specific pattern, it is found similarly in 
females; in several species characteristic patches are 
present in females only. 

Gonopore usually without characteristics of taxo-
nomic convenience. Tubercles almost always absent, 
as are sculpturing of the rim and other external 
complexities. 

Abdomen with all segments always distinct. 

Size 

Small. 

Color 

A high degree of display lightening occurs in at least 
some populations of 15 among the 26 species of 
Celuca recognized in this study. Of these 15, 9 at
tain a striking state of polished white; in most of the 
group completely white individuals are sometimes 
seen, but the extreme phase is usual only in saltitanta 

and /. lactea; in saltitanta it is confined to males; in 
/. lactea it seems to be the prevailing color of both 
sexes, probably even in the non-breeding seasons. A 
pre-white yellow phase has not been found in this 
subgenus and general bright yellow is known only in 
some populations of triangularis where the color is 
apparently not at all connected with display periods. 
Occasional yellow dots in both sexes often form part 
of the pattern in the marbled and mosaic effects of 
the dark carapaces of inaequalis and its allies. Eye-
stalks are sometimes greenish yellow. Spectrum or
ange is unknown, the nearest being the orange yellow 
claws of 2 subspecies of lactea. Reds occur frequent
ly but usually only on the major cheliped and occa
sionally on the ambulatories; in both areas the hue 
ranges from orange red or spectrum red to purple 
red, and is most vivid in displaying populations; 
sometimes, as is of frequent occurrence in lactea 
annulipes and stenodactylus, the intensity of the red 
increases as the carapace lightens. A similar correla
tion also takes place in the orange yellow claws of 
lactea perplexa, particularly in the most eastern pop
ulations. Except for uncommon adult females of lac
tea annulipes which are entirely rose red without 
obvious relation to their state of receptivity, red does 
not occur on carapaces. The nearest approach to 
these hues is a purple or purple red spot on some 
pugilator. Blue and green are uncommon and usually 
appear on the carapace, as in uruguayensis, cumu-
lanta, beebei, stenodactylus, and deichmanni; in sev
eral other species the eyestalks show these colors; 
sometimes the small chelae are blue, especially in 
adult females, erratically distributed in a population. 
An exception to these localized blues and greens is 
oerstedi, in which not only the carapace, both antero-
dorsally and anteriorly, but the frontal aspects of the 
1st ambulatories are an intense blue green. Another 
exception is lactea, where blue often combines vari
ously with a darker or lighter transverse pattern 
across the carapace. In crabs that remain generally 
dark even during display, somewhat lighter tones, 
often orange brown as in inaequalis, distinguish the 
lower major manus and sometimes the merus, at least 
on its inner side. The vivid phases summarized above 
are highly fugitive, while the young throughout the 
subgenus are dull. 

S O C I A L B E H A V I O R 

The variety of components as shown by single spe
cies of Celuca in waving display, threat and combat 
is high, the only other subgenus with forms attaining 
comparable diversity being the related Minuca. Spe
cial components confined to high intensity courtship 
are less rare than usual, and attain the maximum 
complexity found in the genus. Sound components 
and their ritualized versions are often incorporated 
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into waving display. Lateral waving in a number of 
species is at the fastest rate attained in the genus; 
because of the small amplitude of vertical waves in, 
for example, Deltuca, the rates of vertical and lateral 
waves are not considered comparable. Again, more 
time is devoted to waving display than in other sub
genera by at least a number of species, both as indi
viduals and in the duration of the intertidal display 
period. Territoriality is strongly developed. In con
struction chimneys are absent but turrets and hoods, 
with two exceptions in Minuca, are confined to 
Celuca. Displacement activities are prevalent. Fe
males are normally attracted below ground, matings 
or attempted matings on the surface being rare. 

R E L A T I O N S H I P S 

Comparisons with other groups will be found on p. 
19 in connection with the discussion of the sub-
generic dendrogram. 

The 26 species recognized in the subgenus Celuca 
defy tidy subdivisions. Although some of them are of 
course obviously more closely related to one another 
than to the rest of the group, practically no morpho
logical and behavioral characters are held in common 
only by members of one of these subgroups, since the 
character in question also crops up in one or more 
species in one or more other parts of the subgenus. 
Most of the species are confined to the short stretch 
of coast extending from El Salvador to northern 
Peru; therefore allopatric speciation has been limited. 

Nevertheless the subgenus does divide fairly natu
rally into two major groups, with a number of anom
alous species showing less clear-cut relationships. 
When I first started serious work on the phylogeny 
of this subgenus, after becoming aware of the impor
tance of gonopod structure in other parts of the 
genus, I was confused for a long time; a very obvious 
division in Celuca, in accordance with strongly tubu
lar tips and those with large flanges, did not agree at 
all with divisions concerned with other basic charac
ters, including form of the small chelae and overall 
pattern of armature. For example, the group of spe
cies eventually included in the superspecies crenu-
lata and its allies showed contrasting forms of gono-
pods, although their relationships in a number of 
other details seemed very close. The answer, of 
course, as in some members of the subgenera Deltuca 
and Uca, proved to be that the form of the gonopod 
is on occasion plastic, apparently in conformity to 
the needs of sympatry. 

The other early difficulty in seeing relationships 
within the subgenus was that the definition of a rap— 
termed drumming in this study—broke down. It is 
now clear, first, that drummings on the ground occur 
in other subgenera, and, second, that not all appar
ent drummings, even within small groups of related 

species, touch the ground. In some the cheliped vi
brates in the air and in some the drumming is against 
the suborbital regions, while some species perform 
all versions of this general vibration of the major 
cheliped. Therefore one of the old distinctions be
tween crabs of Groups 4 and 5 (Crane, 1941.1) has 
proved to be invalid. 

In spite of the deficiencies of both gonopod form 
and drumming techniques in dividing large groups of 
species, in Celuca a basic division into two informal 
categories remains useful; they correspond in general 
to the old Groups 4 and 5, and are shown as the two 
largest assemblies on the dendrogram, on the left and 
right, respectively. In addition the subgenus includes 
a number of associated species, shown as separate 
branches arising more or less closely to the bases of 
the large groups. 

In an overall view, the large group on the left in
cludes crenulata and its many allies; in general these 
species are less specialized for a semi-terrestrial life 
than are those of the second group, of which deich-
manni is a characteristic example. In addition, the 
members of the first group are less active socially, 
although their morphological specializations for 
threat and combat are not only comparable in com
plexity to those of the second group but most of the 
components appear sporadically in both; usually 
however they are more prevalent in one group than 
in the other. On a subbranch placed about midway 
between the two groups are beebei and stenodactylus. 
Three species, argillicola, pugilator, and the Indo-
Pacific triangularis, appear to have no close relations 
although their morphological characteristics place 
them firmly in Celuca. The relationships will now be 
reviewed in more detail. 

The first and largest group of species is character
ized by small chelipeds with the narrow gapes and 
fine serrations that occur throughout the rest of the 
genus; most of them live in mud or sandy mud and 
are little subject to desiccation; the time devoted to 
display is—with the notable exception of saltitanta— 
moderate but not excessive. The arching of the cara
pace accordingly does not—except in saltitanta— 
reach the extremes found elsewhere in the subgenus. 
Many of the species show unique specializations on 
the outer, upper manus; here sharp bending is some
times accompanied by conspicuous flattening of the 
area and a patterning of the tubercles. The pollex is 
often proximally broad with a triangular projection, 
but the tips of the major cheliped are simple, lacking 
in particular a crest on the dactyl's tip. 

This large group is viewed as composed of 15 spe
cies. Five of the species have ranges that are geo
graphically distinct; these forms are therefore treated 
as a superspecies. They are: Uruguayensis in the 
south Atlantic; cumulanta in the tropical Atlantic; 
speciosa (with two subspecies) also in the Atlantic 
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but ranging from the north tropical to the warm tem
perate zone; crenulata (two subspecies) in the sub
tropical and warm temperate Pacific; and batuenta 
in the tropical Pacific. Display whitening is apparent 
in four of the five and is strong in two; palm-ambula
tory stridulating apparatus occurs in three; speciali
zations of the upper manus are notable in all five. 
Both the pollex and dactyl are normally elongate, 
without anomalies except in batuenta which shows 
in moderate form structures that are exaggerated to 
various degrees in other related species in the Pacific. 
On the whole the superspecies members are less spe
cialized morphologically than their closest relations 
and, except for batuenta, their waving displays are 
not elaborate; only cumulanta is known to erect 
structures, and these are turrets or poorly formed 
hoods, always of rare occurrence. 

One member of the superspecies, batuenta, is 
grouped with three other species in the tropical 
Pacific to form a local alliance; by definition the four 
forms are closely sympatric in the strictest sense. In 
a certain order these species are inaequalis, oerstedi, 
batuenta, and saltitanta. The arrangement is from the 
least to the most convex, from the least to the high
est degree of display lightening, and from the least 
to the most active in waving display, although in any 
other subgenus each would be considered extremely 
active. Each of them has a unique and striking dis
play; in each except oerstedi drumming components, 
sometimes ritualized, are incorporated into the wav
ing display; palm-ambulatory apparatus is developed 
in only one of the four, inaequalis; there it is used not 
only in threat but at least sometimes as an integral 
part of combat. Although no structures are built by 
members of the alliance, in these other particulars 
they appear definitely to be more specialized than do 
the members of the superspecies. 

Three other members of the group, tenuipedis, 
tomentosa, and tallanica, are obviously closely re
lated to the local alliance, both by morphology and 
in waving display; the display characteristics are 
known through the recent work of von Hagen in 
Peru (1968.2). Since we do not yet know whether 
they occur in close sympatry with the members of the 
alliance, I have omitted them on the dendrogram 
from inclusion in the unshaded bracelet marking the 
local alliance. In general they have most in common 
with inaequalis, including a deep pollex, patterned 
pile on the carapace, and major-manus-drumming 
incorporated in display; display white is not known 
to develop. 

The remaining four species in the group are lepto-
chela, helleri, festae, and dorotheae. The first two are 
so little known that no constructive remarks can be 
made concerning them here, except that the form of 
their gonopods indicates clearly that both belong in 
this general section of the subgenus, while the rela

tively wide gape in the small chela of at least helleri 
probably points toward the second group; they are 
thus given satellite positions. A species clearly less 
closely related to the superspecies crenulata and its 
allies is festae; here the elongation of the chela is 
more extreme than in any other Uca; this length af
fects the armature of the appendage; major-manus-
drumming is not incorporated in its waving display, 
and the display is relatively simple; in general the 
species is probably best viewed as belonging on the 
fringes of the large group, with its affinities at least 
equally close to the stock that culminates in beebei 
and stenodactylus. The last species in the group of 15 
is dorotheae, also of an intermediate position and 
therefore placed closest on the dendrogram to the 
beebei-stenodactylus branch. The form of its predac-
tyl ridges and of its major cheliped place it with the 
large group, its small chela tends toward the second 
large group (that includes deichmanni), while the 
form of the ambulatory apparatus, its usual color, 
and its construction of turrets are characteristics hav
ing more in common with those of beebei. 

The elongate branch that divides distally for bee
bei and stenodactylus is designed to indicate both 
their intermediate position and the presence of 
unique specializations. The form of the small chela, 
with narrow gape and serrations, is characteristic of 
the left-hand group on the dendrogram; the serra
tions are stronger, however, than anywhere else in 
the genus except in (Australuca) seismella. The car
apace shape is strongly arched, although not quite to 
the extent found in the extreme forms centering 
around deichmanni; these fiddlers spend prolonged 
periods waving, and the display is relatively unspe-
cialized though rapid; one of them, beebei, attains 
the fastest circular wave in the genus. The armature 
of the claw shows in full measure the specializations 
of both large groups, with strong palm-ambulatory 
equipment, upper manus peculiarities, and a tubercu-
late crest near the dactyl's tip. In stenodactylus the 
herding of females is more strongly developed than 
in any other Uca, being incorporated into courtship 
display. Finally, beebei constructs turrets. 

The right-hand group on the dendrogram is com
posed of seven species: lactea, leptodactyla, limicola, 
deichmanni, musica (two subspecies), latimanus, and 
the aberrant triangularis. In the light of recent work, 
it now seems likely that the Indo-Pacific species lac
tea should be diagrammed as a more widely sepa
rated form; its distinctions from the rest of the group 
consist chiefly of the less advanced structure of the 
oblique ridge and carpal cavity on the palm, the ar
rangement somewhat resembling those more charac
teristic of non-American subgenera; in addition wav
ing periods in lactea are more restricted than usual 
in Celuca and more firmly tied to short portions of 
the lunar cycle; these characteristics, it seems likely, 
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are indications of the early branching of the ancestral 
American stock of Celuca (p. 436). In spite of these 
dissimilarities, lactea seems related most closely to 
deichmanni and its relations, as shown by its suita
bility for semi-terrestrial life and the complex simi
larity of all forms of its social behavior; the resem
blances seem to have developed too many details for 
them to be the result of parallelism. Similar remarks 
apply to the other Indo-Pacific species, triangularis, 
which does not appear to be closely related to any 
species of Celuca, and which is shown at the base of 
the second group. 

Of the five remaining species, leptodactyla occurs 
in the Atlantic and the other four in the eastern 
Pacific. These are found only in the tropics except 
for one subspecies, m. musica. The Atlantic lepto
dactyla, in morphology and relatively simple waving 
display, appears to have much in common with limi-
cola, and the two are considered to form a superspe-
cies. The two subspecies, m. musica and m. terpsi-
chores, are exceedingly similar except for size and 
for details of the palm-ambulatory equipment; its 
palmar component attains a degree of specialization 
unknown elsewhere in the subgenus and is shared in 
any form in the right-hand group only by deich
manni. Three of the five species sometimes live in 
close sympatry, and have much in common morpho
logically. These three, consisting of limicola, deich
manni, and m. terpsichores, are therefore treated as 

forming the third alliance shown on the dendrogram. 
The last species, latimanus, appears aberrant because 
of the juvenile form of its major cheliped; in all other 
features it is an advanced member of its group. Sev
eral of these species, in fact, represent at least 
morphologically the pinnacle not only of the sub
genus Celuca but also of the genus, showing extreme 
adaptations to a semi-terrestrial life and specializa
tions for threat and combat; it is here that semi-
cylindrical carapaces combine with widely gaping 
small chelae fitted for picking up sandy substrate. 
Here too are remarkable elaborations of the cheli-
ped's armature, in particular the stridulating ridge 
on the palm in musica, and the minute precision of 
distal crests. No other species, except for saltitanta, 
equal these fiddlers in the vigor, prevalence, and du
ration of waving display. Finally, in three of the spe
cies—leptodactyla, m. terpsichores, and latimanus— 
the peak of construction capability is reached, the 
hoods achieving a perfection of form, relative size, 
and smooth finish found in no other species. 

NAME 

Celuca: From the Latin adjective celer, "swift," in 
recognition of the rapid motions of these highly ac
tive Uca. The name, therefore, in the selected mean
ing of the root, signifies "fast-moving fiddler." 
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37. UCA {CELUCA) ARGILUCOLA CRANE, 1941 

(Tropical eastern Pacific) 

PLATE 29 A-D. MAP 15. 
FIGURES 68 / ; 101. TABLES 9, 10. 

INTRODUCTION 

Living close to fresh water, U. argillicola has striking 
paedomorphic characteristics of shape and armature 
along with a persistently pale color. On my second 
visit to the type locality in Pacific Costa Rica, it was 
clear that the name argillicola is partially unsuitable, 
since the species is not confined to clay substrates. 

As yet we have learned nothing about its social 
behavior. Even the general waving pattern is un
known, in spite of observations which supplemented 
a week's sporadic observation of field populations 
with two months' close checking of a small group 
brought to the Trinidad crabberies. At the time of 
these observations (1961) I had not yet become 
aware of the importance of threat stridulation and 
combat behavior in relation to morphology, and took 
no note of any such activities that may well have 
occurred. The impression in both field and crabbery 
was of inactive individuals, their burrows grouped in 
close proximity, as in the field; although they fed 
normally, they spent long periods without motion, 
even though tides and weather were optimal for other 
species, which in parts of the field and in the crab
beries, waved and were otherwise active with periph
eral intermingling. Inevitably, the relative social 
lethargy of argillicola recalled that of certain species 
in the subgenus Deltuca and, among Celuca, triangu
laris. 

The peculiar characteristics of argillicola's shape 
and weak armature make further observations high
ly desirable. In addition, an adequate collection must 
still be made. 

M O R P H O L O G Y 

Diagnosis 

Front moderately broad; orbits strongly oblique; 
antero-lateral margins practically absent; palm with
out oblique, tuberculate ridge; heel of manus with
out backwardly directed projection; fingers clearly 
shorter than palm. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 5 times 
in that of carapace. Orbits moderately oblique. 
Antero-lateral angles broadly acute, slightly pro
duced. Antero-lateral margins variably very short, 
always moderately convergent and rounding into 
dorso-lateral margins. Two pairs of postero-lateral 
striae; on each side the upper stria is very long and 
bent sharply, the angle located about midway be
tween end of dorso-lateral margin and postero-lateral 
angle of carapace; anterior arm extending far for
ward, paralleling dorso-lateral margin while the 2nd 
arm is short, paralleling posterior border of carapace; 
lower stria very short, lying just above postero-lateral 
angle of carapace. Breadth of eyebrow more than 
half diameter of adjacent part of depressed eyestalk. 
Suborbital margin with crenellations near antero-
external angle little enlarged, continuing as separated 
teeth completely around outer margin of orbit, end
ing on posterior side of channel. Edge of lower side 
of antero-lateral angle blunt to moderately sharp. 

Major Cheliped. Merus: Antero-doisal margin 
straight, sharp and unarmed except at extreme distal 
end, which is arched and serrate. Ventral margin with 
a single row of large, regular serrations, largest in dis
tal third. Carpus: Anterior margin poorly marked, 
scarcely bent over, with only several proximal irreg
ularities. 

Manus: Bending of outer, upper surface minimal. 
Outer tubercles graduated in size from minute ven-
trally to moderate subdorsally. Dorsal outer groove 
present. Dorsal margin distal to carpal cavity flat, its 
edges diverging distally, each definite and tubercu
late, tubercles of inner edge serrate; dorsal surface 
between these edges smooth except for sparse tuber
cles. Cuff outside dactyl base rough with tubercles 
except dorsally; no vertical row of tubercles starting 
here and continuing on subgape region of pollex; 
groove weak. Flat area outside pollex base with a dis
tinct, narrowly triangular depression adjacent to mid
dle of pollex side. Ventral margin with a row of large, 
graduated tubercles, largest distally and ending on 
pollex about a third of way to tip. Ventral, outer 
groove shallow. 

Palm with lower triangle smooth except for a few 
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widely scattered minute pits and, near the rudimen
tary oblique ridge, well-spaced tubercles, small and 
low. Oblique tuberculate ridge almost absent, trace
able as a low, broad blunt ridge stopping short on 
the very low apex at carpal cavity; tubercles small, 
low, non-linear, covering the ridge and continuing 
with the slightly smaller ones adjacent on mid-palm 
and the very small ones below on triangle, where they 
die out. Center palm with moderate-sized tubercles 
starting below end of circumcarpal beading; tuber
cles smallest close to oblique ridge. Carpal cavity 
with lower margin very short, occupied by carpal 
attachment; distal part of cavity shallow, sloping 
gently to merge with center palm. Beaded, inner edge 
of proximal dorsal margin curving disto-ventrally 
around upper cavity, stopping abruptly about level 
of middle of dactyl. Predactyl area completely 
smooth, with a slight, elongate, median hollow, cut 
off from dactyl base by a few tubercles. 

Pollex and dactyl: Clearly shorter than palm; both 
broader than usual, but pollex not strikingly broad 
proximally; dactyl wider and longer; gape toward 
middle narrower than breadth of adjacent pollex. 
Pollex with depression outside pollex base continued 
slightly distally, and with corresponding depression 
inside continued farther, diminishing to a point. Dac
tyl with proximal subdorsal groove traceable through
out outer proximal half of dactyl, diminishing in size; 
upper proximal dactyl very rough with pointed tuber
cles that slant distally; they are arranged in several 
rows, the uppermost being weakest but longest, and 
traceable almost to dactyl tip. Gape teeth, especially 
proximally, large, low, rounded, close-set. Pollex 
with inner marginal row of gape tubercles in proxi
mal half far separated from and lower than median 
row, the intervening area being broad, concave and 
smooth, slanting inward, dying out distally; proximal 
tubercles of inner row large; subdistal tubercles of 
median row large, low and rounded. Pollex tip trifid, 
each point being the terminal tubercle of a row. Dac
tyl with tubercles of median row few and large, one 
near proximal end much enlarged, several subdistal 
less so, being lower and rounded. Gape pile present. 

Minor Cheliped. Gape at base narrower than width 
of pollex, decreasing distally. Serrations strong, not 
in contact. 

Ambulatories. All meri unusually broad for a Celuca; 
dorsal margins moderately to strongly convex. First 
carpus on both sides anteriorly with a regular, longi
tudinal row of minute, close-set tubercles along mid
dle of segment throughout almost its entire length. 

Gonopod. Corneous tip alone shows torsion in ori
entation. Flanges well developed, about equal in 
breadth, confluent and forming the gonopod's distal, 

truncate edge just beyond pore. Pore narrow; proxi
mal to the pore the shaft projects slightly from flange 
level. Inner process short, flat, triangular, the apex 
pointed, arising and ending near free edge of the pos
terior flange, not overlying shaft. Thumb well devel
oped, moderately short, not nearly reaching corneous 
base of specialized tip. 

FEMALE 

Gonopore without tubercles; outer rim clearly 
higher than inner. 

Measurements (in mm) 

Male holotype 
Female paratype 
Female paratype 

(immature) 

Length 

7.8 
7.3 

5.6 

Breadth 

12.2 
10.8 

8.5 

Propodus 

13.5 

Dactyl 

8.0 

Morphological Comparison and Comment 

U. argillicola is the only Celuca in the eastern Pacific 
without a tuberculate oblique ridge on palm but with 
the orbits strongly oblique. Its relatively narrow front 
distinguishes it from all the members of the sub
genus Minuca—panamensis, vocator, pygmaea, and 
zacae—that also lack the oblique ridge on palm. In 
addition, argillicola is apparently a larger species 
than pygmaea and zacae, while its orbits are less 
strongly oblique; in contrast, it is much smaller than 
panamensis and vocator, with orbits more oblique. 
The gonopods of all the species are distinctive from 
one another, while other characters in one or more 
of the species, such as pile on carapace, projecting 
heel on manus, and form of tuberculation of pollex 
tip, are minor aids in identification. Fortunately, two 
males from the American Musuem of Natural His
tory were available to compare with the holotype. 

Color 

Carapace and ambulatories clear, creamy white; this 
color is not fugitive and is characteristic of both 
sexes in young as well as adults. Both chelipeds of 
males and females with dorsal parts of segments apri
cot buff. In the type locality several populations 
occurred on yellowish white clay, with which the 
crabs blended well; on darker substrates the observed 
individuals were always conspicuously pale, closely 
similar to the others. 

R A N G E 

Tropical eastern Pacific from the Gulf of Dulce in 
Costa Rica to Buenaventura, Colombia. 
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BlOTOPES 

The largest groups were found on the steep banks of 
streams little affected by tides, the water probably 
almost fresh, close to or slightly beyond the up
stream limit of mangroves. Several populations were 
in vertical banks of white clay or brown loam. Two 
others were on high, fiat ground, under tall ferns, be
hind the mangroves that fringed a stream; the soil 
here was either sandy or clayey. Scattered individuals 
or very small groups occurred further downstream in 
muddy or sandy soil, rarely among mangrove shoots, 
sometimes with the ground covered with rotting 
coconut husks, among rank ferns and monocoteli-
dons, or between buttresses of swamp palms and 
other trees. All these areas were largely shaded, the 
sun reaching them briefly and in patches. (Biotopes 
14, 15.) 

SYMPATRIC ASSOCIATES 

The largest aggregations of argillicola were not mixed 
with other Uca; they occurred farther upstream than 
any eastern Pacific fiddler except brevifrons. The 
small groups and scattered individuals found closer 
to and within the mangrove limits were associated 

REFERENCES 

Uca (Celuca) argillicola Crane, 1941 

TYPE DESCRIPTION. Crane, 1941.1: 183; Text Figs. 
4j; PI. 1, Fig. 3; PL 2, Fig. 6. Costa Rica: Golfito. 
(USNM !) 

with three species of the subgenus Minuca—vocator 
ecuadoriensis, galapagensis herradurensis, and zacae. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 607.) 

Observations and Collections. Golfito, Costa Rica. 
Several specimens also sent alive to the crabberies 
in Trinidad from Buenaventura, Colombia; they were 
positively identified by me before being placed, with 
other live examples from Golfito, in the crabberies; 
unfortunately they were not secured as specimens 
when they died. 

T Y P E MATERIAL AND NOMENCLATURE 

Uca argillicola Crane, 1941 
HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Cat. no. 
137400 (formerly New York Zoological Society cat. 
no. 381,134); 2 paratype females, cat. no. 137401 
(formerly New York Zoological Society cat. no. 
381,135). Measurements: p. 221. Type-locality: 
Golfito, Costa Rica. (!) 

Garth, 1948: 61. Panama: Perlas Is., on San Jose 
I., banks of lower Rio Marina. Colombia: Humboldt 
Bay. (!) 
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38. UCA (CELUCA) PUGILATOR (BOSC, 1802) 

(Subtropical and temperate western north Atlantic) 

PLATE 29 E-H. MAP 16. 
FIGURES 37 K; 69 F; 101. TABLES 9, 10, 12, 14, 19, 20. 

I N T R O D U C T I O N 

Probably more biologists know the sand fiddler, U. 
pugilator, by name than any other Uca except its 
familiar associate, pugnax. For many years the two 
species have provided much of the material for ex
perimental work on crustacean hormones and bio
logical rhythms. During the first half of this century 
pugilator was already suspected of signaling to fe
males by drumming on the ground, and throughout 
the 1960s the species was a chief subject of pioneer 
experiments on acoustical signaling in the genus. Re
cently we have learned that this species, as well as the 
eastern Atlantic tangeri, both use a sun compass in 
a simple form of homing. Key contributions on these 
varied topics are listed under the annotated refer
ences for pugilator (p. 227) and are noted as well 
in appropriate chapters of Part Two. 

Louis Bosc, a keen naturalist, watched the crabs 
in Carolina and, when he named the species in 1802, 
gave us the first detailed account of living fiddlers. 
He called the crabs pugilator because "as soon as a 
man or an animal appeared in their midst they bent 
their great claw, holding it in front of them as though 
it were a challenge to combat, and then escaped, 
running sideways and keeping it always in the same 
position." Apparently he never had the pleasure of 
watching a combat between males, or observed 
either waving or digging. He was especially im
pressed by the vast numbers of the crabs on the sea
shore and on the banks of tidal streams, ". . . thou
sands and even millions. . . ." He continued, "They 
have a great number of enemies among otters, bears, 
birds, turtles, alligators, etc. but their abundance is 
such that the devastation accomplished by these ani
mals is not discernible." 

In similar places, all through the days of the young 
coastal settlements, small boys and grown-ups, 
whether Indians or Europeans, doubtless used the 
crabs for bait. Nowadays these fiddlers, already re
duced by pollution and the destruction of their hab
itats, are rarely plentiful enough to supply the sheds 
that offer "LIVE BAIT—FIDDLERS." Instead, in north
eastern states summer fishermen learn that the crabs 
come from Florida, shipped by the crateful by col
lectors who also supply laboratories. How long the 

species can stand the several threats forms the usual 
regrettable question. 

A number of pugilatofs characteristics are unique 
or rare in the genus. It lacks close relations. It is one 
of only five species with ranges primarily in the tem
perate zone. With them it is adapted to subfreezing 
temperatures, hibernating regularly where cold is en
countered. Apparently in adaptation to short north
ern summers, pugilator actively and regularly courts 
both by day and at night; in the dark it uses acousti
cal signals instead of waving display in attracting the 
attention of females. In the more southern parts of its 
range the rare characteristic of droving is highly de
veloped. Its combat behavior, still incompletely 
known, appears to be unusually complex, both in 
form of components and in the relation of ritualiza-
tion to forceful fighting; it is one of the few species 
in the genus that lacks an oblique ridge inside the 
palm, and the only one where the relation of this 
lack to combat technique has so far been learned. 
Finally, although there seems to be no reliable mor
phological basis for distinguishing subspecies, slight 
differences in waving display are shown between New 
England and southern populations, while droving 
seems to occur only in the south; as usual, a morpho
logical comparison of adequate population samples 
from numerous localities has not been undertaken. 
In a study still incomplete, the peripheral population 
on Cape Cod, the species' northern boundary, ap
pears to be relatively inactive socially for undeter
mined reasons. In view of all these distinctions, the 
survival of numerous populations—large, vigorous, 
well distributed and in the midst of normal habi
tats—must forcefully be encouraged: without any 
question, this species counts as one of biology's 
prized assets. 

MORPHOLOGY 

Diagnosis 
Front wide; no oblique, tuberculate ridge on palm; 
antero-lateral margins slanting strongly outwards; 
meri of ambulatory legs in male slender, with mid-
dorsal margin of 3rd merus straight in both sexes: 
carapace in female granulate. 
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Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Front very wide, similar to those in the 
subgenus Minuca, contained less than 3 times in car
apace breadth. Antero-lateral margins also as in most 
Minuca, being long, slightly diverging, and rounding 
into dorso-lateral margins. Breadth of eyebrow about 
half diameter of adjacent part of depressed eyestalk. 
Suborbital margin with crenellations near antero-
external angle little enlarged, continuing as separated 
teeth along outer orbital margin almost to channel. 
Edge of lower side of antero-lateral angle blunt. 

Major Cheliped. Merus: Antero-dorsal margin 
straight except for arching near distal end; blunt and 
rugose throughout. All rugosities strong for the sub
genus, continuing across upper part of anterior sur
face; lower part of this surface finely granulate. 
Carpus: Dorso-posterior surface covered with close-
set, rounded tubercles; oblique ridge of inner surface 
with indistinct tubercles. 

Manus: Bending of outer, upper surface distinct. 
Outer tubercles large for the subgenus and mingled 
in two sizes throughout most of lateral surface; tuber
cles near ventral margin abruptly smaller; subdorsal
ly largest. Dorsal outer groove present. Dorsal mar
gin distal to carpal cavity broad, slightly convex, 
strongly tuberculate throughout but without specially 
armed edges. Cuff outside dactyl base rough with 
tubercles except dorsally. Flat area outside pollex 
base not smooth but covered with minute tubercles; 
lower edge of area with a weak, tuberculate keel that 
starts more proximally, at about middle of manus, 
well above ventral margin, and continues along most 
of pollex in its ventral half; keel often poorly devel
oped and lacking tubercles distally or altogether. 
Ventral margin with a row of large and similar tuber
cles that die out in proximal third of pollex. Ventral, 
outer groove shallow, developed near pollex base 
only. 

Palm with lower triangle covered with minute 
tubercles, somewhat rugose proximally, merging with 
larger tubercles of center palm on and near area of 
oblique ridge. This ridge is practically absent, repre
sented only by an obtuse edge marking the usual dis
tinction between lower triangle and center palm; 
apex and linear tubercles lacking, the area being cov
ered with a continuation of the minute tubercles of 
lower triangle. Center palm distinctly convex, cov
ered with tubercles of varying sizes ranging from 
small to moderate, all much larger than those of 
lower triangle, largest near base of gape. Pollex cav
ity moderate for the subgenus, not slight. Carpal 
cavity with lower margin thin; distal part of cavity 
steeply sloping except dorsally, turning at an angle 

into center palm. No downward turn of inner edge 
of dorsal margin, the upper part of carpal cavity ex
tending distally in a narrow, shallow, smooth projec
tion that almost fills predactyl area. Tubercles of 
proximal ridge at dactyl base sometimes in an irregu
lar, angled, or multiple row; those of distal row al
ways multiple. 

Pollex and dactyl: Pollex with tip turned slightly 
upward; dactyl with entire distal half clearly convex; 
gape near middle much wider than adjacent part of 
pollex. Outer pollex with a faint, long crease above 
the adjacent low keel that starts on lower manus. 
Dactyl with subdorsal, external, proximal furrow 
moderate. Both pollex and dactyl completely covered 
externally with minute tubercles; those of upper, 
proximal dactyl larger; slightly serrate on dorsal mar
gin where they are traceable, diminishing regularly 
in size, throughout most of dactyl's length. No gape 
tubercles conspicuously enlarged; locations of minor 
enlargements variable. Pollex tip distinctly trifid. 
Gape pile present or absent. 

Minor Cheliped. Gape at base narrower than width 
of pollex, decreasing distally. Serrations few, strong, 
in middle portion only, not in contact. 

Ambulatories. 2nd and 3rd meri slender, their dorsal 
margins scarcely convex. 1st ambulatory on major 
side with merus, carpus, and manus roughened ante
riorly with tubercles on lower anterior surface. 

Gonopod. Flanges well developed, about equally 
broad; each a little produced beyond the subdermal 
pore. Inner process narrow, blunt, covering canal, 
ending just below pore. Thumb long, slender, not 
nearly reaching base of flange. 

FEMALE 

Entire dorsal and postero-lateral surface of cara
pace finely granulate, except for posterior margin. 
Suborbital armature stronger than in male. Gono-
pore roughly triangular, with outer edge slightly con
cave externally and inner edge medially angled. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Large male (Florida) 
Large male (New York) 
Moderate male 

(New York) 
Large female 

(New York) 
Moderate female 

(New York) 

14.0 
13.0 

11.0 

14.0 

11.0 

21.0 
20.0 

17.0 

19.0 

16.0 

35.0 
34.0 

25.0 

-

-

27.0 
26.0 

20.0 

-

-

Morphological Comparison and Comment 

Throughout almost all its range, pugilator may be 
distinguished from other Uca by the absence of an 
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oblique tuberculate ridge inside palm; the only ex
ception, subcylindrica, which is also ridgeless, is 
known only from close to the Rio Grande and differs 
strikingly from pugilator in its cylindrical form, small 
size, short fingers, and unique gonopod. In pugilator 
the strong, tuberculate ridge along the side of the 
major pollex is another distinctive character among 
United States fiddlers. 

Along the Atlantic coast north of Florida, the only 
other species of Uca are minax and pugnax. Diagnos
tic differences between pugilator and minax are sum
marized on p. 177. From pugnax, with which it often 
mingles marginally, pugilator differs not only in the 
absence or presence, respectively, of the palm and 
pollex ridges mentioned above, but also in its more 
arched, less uneven carapace which is smooth in the 
male but granulate in the female. Finally, in charac
teristic biotopes populations of pugilator include 
larger adults than do those of pugnax. 

The affinities of pugilator remain puzzling. The 
morphology of both carapace and, in part, the major 
cheliped has a number of features in common with 
most Minuca; yet in details of its armature and, par
ticularly, in its waving display pugilator seems obvi
ously closer to Celuca. Yet it shows no outstanding 
similarities to any of the subgroups in either of the 
subgenera. As usual, its anomalous position adds to 
the interest of the species. 

In the future, work with large population samples 
may make desirable a division of pugilator into spe
cies, or, more probably, subspecies. Already we have 
a growing knowledge of regional differences in dis
play, acoustic behavior, and physiology. Yet the nec
essary morphological background is missing and any 
present attempt at subdivision seems to be unwar
ranted. 

Color 

Display whitening conspicuously present and fugitive 
in both sexes, but the hue is usually yellowish white 
and the shiny, high reflectance found in some tropical 
forms is never attained. The other distinctive charac
teristic of displaying males is a fugitive, purplish vio
let patch occupying the cardiac region that often dis
appears with further whitening: in more southern 
populations including non-displaying groups, it is 
sometimes pink rather than purplish and confined 
to the gastric region. In non-display phases the cara
pace is often variously marked in semi-reticular pat
terns of brown, or is completely brown with small 
gold-colored or light brown spots. Major cheliped in 
displaying males buff to yellowish white; base of 
chela often pale orange. Eyestalks buff or grayish 
white; never green. Third maxilliped white, standing 
out from the duller underparts. Minor cheliped with 
manus and chela white. Ambulatories attain white, 
but anterior sides of 1st ambulatory meri sometimes 

show persistent dark purplish brown or reddish 
purple. 

SOCIAL BEHAVIOR 

Waving Display 

Wave lateral-circular, but in the reverse direction 
characteristic of other species. Specifically, in pugila
tor the cheliped is raised at once in front, still partly 
flexed, then is unflexed outward, brought down and 
folded inward. The usual pattern in the genus, in the 
numerous species having characteristic circular 
waves, is for the cheliped to be unflexed first out
ward, close to ground level, then raised and finally 
brought down to the flexed, resting position. In pugi
lator there is a short pause at the wave's highest 
point. In northern populations, including those of 
Cape Cod, Connecticut, and Long Island, no jerking 
of the wave has been detected, either by observation 
or in film analyses. In contrast, in the most southern 
populations, particularly those near Miami, the cheli
ped during elevation makes a single jerk midway to 
its highest reach; sometimes this irregularity is de
tectable only in film analysis and usually occurs only 
in displays of moderate intensity. Carapace raised 
and lowered during each wave. Minor cheliped 
makes a small roughly corresponding motion. Ambu
latories not raised or kicked outward, except for a 
rare elevation of a leg during a high stretch. At high 
intensity 4 or 5 displays form a series, the cheliped 
is not lowered quite to the ground between waves, 
and the body does not sink completely to rest posi
tion. In a series there is no pause between waves, so 
that the accent comes on the brief hesitation at high 
point of wave. Chela remains practically closed dur
ing display, the dactyl not being raised. The crab 
often remains in one spot during waving but some
times moves several steps to the side. Manus-drum-
ming sometimes occurs in conjunction with waving 
at mouth of male's burrow, during high intensity 
courtship, after the male has attracted a female's at
tention and just before the male descends. (Waving 
components 4, 7, 9, 10, plus the occasional single 
jerk, component 6, described above; timing elements 
in Table 19, p. 656.) 

Precopulatory Behavior 

Female follows a male, after his major-manus-drum-
ming, down his burrow, at least during diurnal court
ship (p. 502). 

Acoustic Behavior 

Salmon and his associates (Salmon & Atsaides, with 
refs., 1968, 1969; Horch & Salmon, 1969) have ac
cumulated extensive data on the acoustical character
istics of major-manus-drumming in pugilator, its ap-
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parent means of perception by the female, and the 
employment of this component during courtship; the 
work will be reviewed under the general discussion 
of sound production, p. 480. Burkenroad observed 
(1947) that the major manus, when vibrating verti
cally at the mouth of the burrow, did not touch the 
ground in the individuals he was watching, and he 
therefore argued that the motions called "rapping" 
(now calling "drumming") that Dembowski (1926) 
and Crane (1943) believed might well produce 
sounds, must have been similar vibrations in the air. 
Salmon's work has since confirmed the existence of 
actual drumming on the ground. But analysis of films 
I have made on Long Island and in Florida, along 
with subsequent field observations, have shown clear
ly that Burkenroad was also correct in his own con
clusions that the claw did not touch the ground: not 
only is major-manus-drumming common in the spe
cies but also major-merus-drumming (against the 
suborbital region and, probably, the side of the cara
pace) occurs frequently, especially in agonistic situa
tions; I do not yet know if it is ever used in court
ship. Burkenroad additionally did not detect, through 
observation, this contact of the cheliped with the car
apace; it is probable that in some instances the mo
tion is confined as he believed to vibration in the air 
(p. 483). The list of acoustic components in pugila
tor that are now known to me are as follows: major-
merus-rub (component no. 1) ; ?palm-leg-rub, in
ferred from morphology (4) ; leg-wagging (5) ; 
major-manus-drum (9) ; leg-stamp (11). 

Combat 

Combat in this species was closely observed only on 
the southern shore of Cape Cod, in a marginal pop
ulation. In general it was notable for its rarity; when 
present, high ritualization was shown between males; 
however most combats took place when a burrowless 
crab, returning from feeding at lowest tide levels to 
the burrow area, forcefully expelled a smaller crab of 
either sex from a hole. The expelled individual then 
promptly seized a burrow belonging to a still smaller 
crab. Eventually the smallest dispossessed individual, 
ending a series of 4 or 5 evictions, simply crept under 
a bit of shell as the tide washed in. This type of be
havior was observed day after day during June and 
July of 1968. The rare encounters between adult 
males included the following components: manus-
rub with taps, pollex-rub, pollex-under-and-over-
slide, pollex-base-rub, dactyl-slide, upper-and-lower-
manus-rub, dactyl-submanus-slide, interlace, pre-
gape-rub, and supraheel-rub. In the absence of an 
oblique ridge on the palm, the pregape-rub and supra
heel-rub apparently take the place of the single com
ponent, the heel-and-ridge, that is so common in a 
number of other fiddlers; in the pregape-rub the pol-
lex longitudinally rubs the strongly tuberculate, cen

tral palm, while in the supraheel-rub the dactyl 
moves vertically up and down on the lower, proximal 
part of the outer manus; meanwhile the pollex, held 
away from the palm, remains inactive; these two 
components are described on p. 490. (Component 
nos. 1, 2, 3, 5, 6, 7, 8, 9, 10, 13.) 

RANGE 

Eastern and Gulf coasts of the United States of 
America. Rare on northern shore of Cape Cod (Mas
sachusetts), occurring at least to the Little Pamet R., 
near Truro; locally common on the Cape's south 
shore. From there south locally abundant in suitable 
habitats as far as Key West, Florida. Present also on 
the west coast of Florida and the Gulf of Mexico 
west to Corpus Christi, Texas. Single records: Old 
Providence I., Bahamas and Santo Domingo. 

BlOTOPES 

Sheltered shores with sandy to muddy sand substrate, 
often with scattered shells and stones. Where the bur
rows are in sand, there is usually a layer of mud not 
far below the surface, or at least mud forms the sub
strate near low tide levels, where the crabs then often 
feed. (Biotopes 5, 6.) 

S Y M P A T R I C A S S O C I A T E S 

The only other Uca that occur in the more northern 
temperate part of pugilator's range are pugnax and 
minax. Both live typically in mud or sandy mud, 
rather than in sandier habitats, yet individuals of all 
the species sometimes mingle, especially near habitat 
margins. Since both pugnax and minax are members 
of the subgenus Minuca, they are not at all close 
sympatric associates. 

In southern Florida, (Celuca) s. speciosa and 
pugilator, closer sympatrics, sometimes occur in ad
jacent populations; their waving patterns and tempo 
are markedly distinct. In Florida populations of 
pugilator also sometimes mingle marginally with 
{Minuca) rapax. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given in 
Appendix A, p. 607.) 

Observations and Collections. United States: Cape 
Cod, near Truro and Cotuit; Connecticut: Green
wich; New York: Stony Brook, Port Jefferson, Hun
tington, Cold Spring Harbor, Pelham Bay; New 
Jersey: Brigantine; Florida: Fort Lauderdale, Key 
Biscayne. 

Films. Massachusetts, New York, Florida. 

Videotapes. Massachusetts. 



U. (CELUCA) PUGILATOR 227 

T Y P E MATERIAL AND NOMENCLATURE 

Uca pugilator (Bosc, 1802) 

Bosc's type of Ocypoda pugilator is not extant. 

REFERENCES AND SYNONYMY 

Uca (Celuca) pugilator (Bosc, 1802) 

Note. U. pugilator is one of the species of Uca that 
have been used extensively in laboratory investiga
tions. These have concerned principally endogenous 
rhythms of various kinds and the hormonal control 
of chromatophore activity. Key references appear on 
p. 448. 

Ocypoda pugilator 

TYPE DESCRIPTION. Bosc, 1802: 197. "Caroline." 
Color; habitat; habits (p. 187). 

Olivier, 1811: Vol. 8: 418. "Caroline." No new 
material. 

Bosc, edited by Desmarest, 1830: 241-44, 250. 
"Caroline." Morphology; confused synonymy; hab
its, paraphrased from the type description. 

Ocypode pugilator 

Latreille, 1802-1803: 47. America. No new mate
rial. 

Say, 1817-1818: 70, 443. America. Taxonomy; 
general habitat and habits (digging). 

Gelasima pugillator 

Latreille, 1817.2: 519. America. No new material. 

Gelasimus vocans (not Cancer vocans Linnaeus) 

Gould, 1841: 325 (part). U.S.A.: Massachusetts. 
Taxonomy; habitat; habits (digging); all comments 
brief. 

De Kay, 1844: 14 (part); PI. 6, Fig. 9. U.S.A.: 
New York. Taxonomy. 

Gelasimus pugilator 

Desmarest, 1825: 123. Apparently no new mate
rial. Brief taxonomy. 

Milne-Edwards, 1852: 149; PI. 4, Fig. 14. Tax
onomy. 

Stimpson, 1859: 62. U.S.A.: south side of Cape 
Cod in Massachusetts to Texas. Record from Mexico 
questionable. 

Smith, 1870: 136; PI. 4, Fig. 7. U.S.A.: Massa
chusetts to Gulf States. Taxonomy. 

Verrill, 1873: 336, 364, 462, 464, 467, 545. 
U.S.A.: Massachusetts. General distribution (no lo
cal limits); basic ecology and habits; no display or 
combat. 

Verrill & Smith, 1874: 42, 70, 168, 170, 173, 251. 
A reissue of Verrill, 1873. 

Type-locality: Caroline. Since no taxonomic confu
sion exists at present, the designation of a neotype 
does not seem to be indicated. 

Bolau, 1878: 149. Probably the first record of 
specimens of Uca kept in captivity (Hamburg 
Aquarium). 

Kingsley, 1878: 321. U.S.A.: Georgia. Local 
habitat. Spelling: pugillator. 

Kingsley, 1880.1: 150 (part). Only those speci
mens recorded from the east coast of the United 
States from Nantucket in Massachusetts to Florida. 
Taxonomy. 

Kingsley, 1880.2: 399. U.S.A.: North Carolina: 
Beaufort; Florida: Sarasota Bay. 

Young, 1900: 274 (part). Only those specimens 
recorded from the United States; no detailed locali
ties. Taxonomy. 

Yerkes, 1901: 417. Morphological variation; 
right- and left-handedness. 

Uca pugilator 

Rathbun, 1900.2: 585; Text Figs. 3, 4. Key. 
Rathbun, 1905: 1. U.S.A.: northeastern states. 

Local distribution. 
Sendler, 1912: 191. U.S.A.: New York. Taxon

omy. 
Fowler, 1912: 446. U.S.A.: New Jersey. Taxon

omy; habits. 
Hay & Shore, 1918: 452. U.S.A.: North Carolina. 

Taxonomy; color; ecology; habits. 
Rathbun, 1918.1: 400; PI. 141; PI. 160, Fig. 2. 

U.S.A.: Numerous localities throughout the species' 
range from Corn Hill and Truro (near Boston), 
Massachusetts to Key West, Florida and, along the 
Gulf of Mexico, to Galveston, Texas. Taxonomy. 
Brief habits. (USNM, part !) 

Hyman, 1920. Illus. U.S.A.: North Carolina. Post-
embryological development. 

Stephenson, 1921. Illus. U.S.A.: Biology. [Refer
ence not translated.] 

Hyman, 1922. Illus. Habits. 
Dembowski, 1925. U.S.A.: Massachusetts. Hab

its, including possible sound production. 
Dembowski, 1926. U.S.A.: Massachusetts. Habits. 
Pearse, 1928: 23Iff. U.S.A.: North Carolina. 

Ecology; tests on toleration of desiccation and fresh 
water. 

Maccagno, 1928: 44; Text Fig. 28 (claw). 
U.S.A.: Eastern coast, including North Carolina at 
Beaufort. Taxonomy. 

Crane, 1943.3: 220. U.S.A.: Connecticut; New 
York. Taxonomy; waving display; "rapping." 
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Coventry, 1944: 542. Bahamas: Old Providence 
I. Predation by birds. 

Burkenroad, 1947. U.S.A. Courtship; experiments 
on sexual discrimination; discussion of possible 
methods of sound production; nocturnal activity. 

Fingerman, 1957. U.S.A.: Mississippi. Tidal 
rhythms in relation to burrow position. 

Crane, 1957. U.S.A.: Connecticut; New York; 
Florida. Preliminary classification of waving display. 

Teal, 1958. U.S.A.: Georgia. Local distribution; 
ecology; experiments on tolerances for different 
foods, temperatures, and salinities, as well as on sub
strate preferences; comparisons with sympatric spe
cies. 

Teal, 1959. U.S.A.: Georgia. Respiration and its 
relation to ecology. 

Salmon & Stout, 1962. U.S.A.: North Carolina. 
Sexual discrimination and sound production in court
ship. 

Salmon, 1965. U.S.A.: North Carolina. Waving 
display and sound production. 

Miller, 1965. U.S.A. Morphology, physiology, 
and ecology in relation to distribution. 

Vernberg & Costlow, 1966. Development of right-
or left-handedness. 

Herrnkind, 1966. U.S.A.: Florida. Orientation by 
polarized light. (Abstract.) 

Knopf, 1966. U.S.A.: Massachusetts. General 
ecology; behavior, all non-social except for displace
ment feeding. 

Salmon, 1967. U.S.A.: Distribution in Florida. 
Sound production. 

Herrnkind, 1967. U.S.A.: Florida. Development 
of celestial orientation. (Abstract.) 

Herrnkind, 1968.1. U.S.A.: Florida. Illus. Visual 
orientation. 

Herrnkind, 1968.2. U.S.A.: Florida. 4 text figs. 
U.S.A.: Florida. Breeding in captivity and mass-
rearing of progeny. 

Herrnkind, 1968.3. U.S.A.: Florida. 11 text figs. 
Adaptive, visually-directed orientation. 

Miller & Vernberg, 1968. U.S.A. Thermal require
ments in relation to geographic distribution. 

Salmon & Atsaides, 1968.2. U.S.A. Included in 
their general paper on visual and acoustical signal
ing in Uca. 

Salmon & Atsaides, 1969. U.S.A.: Florida. Ex
periments on sensitivity to substrate vibration. 

Horch & Salmon, 1969. U.S.A.: North Carolina. 
Experiments on the production, perception, and re
ception of acoustic stimuli. 
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39 UCA (CELUCA) [CRENULATA] URUGUAYENSIS NOBILI, 1901 

(Subtropical western south Atlantic) 

PLATE 30 A-D. 

FIGURES 68 / ; 101. 
MAP 15. 
TABLES 9, 10, 12, 20. 

INTRODUCTION 

This species, along with the west African tangeri, 
extends farther south than any other Atlantic mem
bers of the genus. U. Uruguay ensis, a distinct form 
known only from southern Brazil and Uruguay, be
longs to a group of five allopatric forms and five 
other closely related species that occur in the tropics 
of both the Atlantic and Pacific shores of America. 

Some share similar structures, apparent acoustical 
equipment, on the lower part of the major palm and 
on the 1st ambulatory, and all have characteristic 
combat armature on the claw. 

M O R P H O L O G Y 

Diagnosis 

Front moderately wide. 1st ambulatory in male on 
each side with a ridge on lower, anterior side of 
manus. Major cheliped with outer manus strongly 
tuberculate dorsally, its subdorsal ridge and associ
ated groove well developed, as is the proximal, sub
dorsal furrow on dactyl; no inner keel on pollex tip. 
Female gonopore with outer margin almost straight. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 5 times 
in that of carapace. Antero-lateral margins straight 
or slightly concave, scarcely converging. The single 
pair of postero-lateral striae located close behind 
ends of dorso-lateral margins, rather than about mid
way to postero-lateral carapace angle. Carapace pro
file practically semi-cylindrical, but hepatic and 
branchial areas not specially expanded above rest of 
carapace. Breadth of eyebrow about equal to diame
ter of adjacent part of depressed eyestalk. Suborbital 
margin with crenellations near antero-external angle 
enlarged, continuing as separated teeth along outer 
orbital margin almost to channel. Lower side of 
antero-lateral angle blunt. 

Major Cheliped. Merus: Rugosities weak except on 
posterior convexity. Antero-dorsal margin proxi-
mally straight, blunt, and practically unarmed, 
arched and armed only distally. Anterior surface 
finely tuberculate. 

Manus: Bending of outer, upper surface distinct 
and, beside dorsal margin, flattened. Outer tubercles 
all small, increasing slightly in size upward, becom
ing suddenly much larger near dorsal margin. Dorsal 
outer groove present. Dorsal margin distal to carpal 
cavity with outer edge distinct and tuberculate; inner 
edge indistinct; intervening surface tilted inward, 
scarcely flattened, armed with irregularly scattered, 
sharp tubercles. Ventral margin with a row of minute 
and similar tubercles that die out close beyond pollex 
base. Ventral, outer groove absent. Dorsal pile usual
ly conspicuous. 

Palm with lower triangle covered with minute 
tubercles arranged, at least in center of area, in ir
regularly vertical rows, not raised on rugosities. 
Oblique tuberculate ridge high, its central part slight
ly higher than apex, and its tubercles slightly larger 
than on apex; they continue a short way up distal 
margin of carpal cavity. Center palm with small 
tubercles in upper part, which show tendency to ar
rangement in vertical rows. Carpal cavity with lower 
margin moderately thick; distal part of cavity steeply 
sloping except dorsally, turning at an angle into cen
ter palm. Beaded inner edge of proximal dorsal mar
gin curving disto-ventrally for a short distance only, 
stopping above beginning of distal extension of car
pal cavity; this extension is narrow, shallow, and 
smooth, almost filling predactyl area. 

Pollex and dactyl: Dactyl with subdorsal, external, 
proximal furrow moderate. Both pollex and dactyl 
completely covered externally with extremely minute 
tubercles; those of upper, proximal dactyl much 
larger and on dorsal margin traceable, diminishing 
in size, along more than half length of dactyl. No 
gape tubercles conspicuously enlarged; a series of 
several slightly enlarged tubercles usually present to
ward middle of pollex and a similar series proximal-
ly on dactyl, other minor enlargements being present 
or absent. Pollex tip weakly bifid. Gape pile present. 



230 U. {CELUCA) URUGUAYENSIS 

Minor Cheliped. Gape at base narrower than width 
of pollex, narrowing distally. Serrations few, strong, 
in middle portion only, not in contact. 

Ambulatories. 2nd and 3rd meri moderately broad, 
their dorsal margins slightly convex to almost 
straight. A distinct ridge, the crest entire, on lower, 
anterior manus of 1st ambulatory on both sides; ex
tending along about the distal two-thirds of the seg
ment near ventral margin, it is apparently unique in 
the genus; in position it corresponds roughly to the 
anterior, ventral margin of the manus that is usually 
weak or absent in Uca. 

Gonopod. Flanges large, of similar width, the ante
rior slightly produced. Pore practically terminal 
although flanges are continuous in front of it. Inner 
process triangular, with a broad base overlying canal 
and posterior flange, the pointed tip reaching gono
pore. Thumb short, slender, not nearly reaching base 
of flange. 

Abdomen. 4th to 6th abdominal segments in male 
fused, although boundaries between segments are 
sometimes faintly indicated. 

FEMALE 

Suborbital armature scarcely or not at all stronger 
than in male, but sometimes extending slightly far
ther laterally on outer orbital margin and even onto 
lower margin of orbital angle. Gonopore with outer 
margin thin, almost straight; inner margin strongly 
curved. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male 
(Maldonado) 

Moderate male 
(Maldonado) 

Largest male 
(Rio de Janeiro) 

Moderate male 
(Rio de Janeiro) 

Largest female 
(Maldonado) 

Moderate female 
(Maldonado) 

10.5 

8.0 

7.0 

6.5 

10.5 

9.0 

16.5 

13.5 

12.0 

10.0 

16.5 

14.0 

30.0 

19.1 

22.0 

14.5 

-

-

19.0 

11.5 

15.0 

9.5 

-

-

Morphological Comparison and Comment 
The only other small Uca with ranges coinciding in 
part with that of uruguayensis are leptodactyla and, 
very rarely, cumulanta. The diagnosis should differ
entiate males of the species satisfactorily. The fe
males are superficially similar, differing principally 
in proportions. The carapace of uruguayensis shows 
an intermediate degree of arching between that of 
cumulanta and leptodactyla while the legs are of 

similarly moderate length and breadth; the form of 
the gonopore is subject to distortion, apparently by 
spermatophores, and can also be an unsatisfactory 
character, although more useful than the others. 
There is, however, no substitute, in attaining certain 
identifications, for familiarity with the females of all 
three species. At present the known range of uruguay
ensis coincides with those of the two northern species 
only near Rio de Janeiro; cumulanta is known to 
occur there only from several specimens in the Smith
sonian Institution. 

Color 
Displaying males: Display white strongly developed, 
preceded by a green carapace, the major cheliped 
ranging from dark red to orange red. Sometimes the 
cheliped remains red while the rest of the crab whit
ens; sometimes it too becomes polished white. 

SOCIAL B E H A V I O R 

Waving Display 
Lateral, strongly circular. (Observation casual only.) 

R A N G E 

From Rio de Janeiro (Guanabara Bay) in Brazil 
south to Buenos Aires, Argentina. 

BlOTOPES 

Sandy mud to mud, in full sunshine near mangroves, 
or partially in their shade. (Biotope nos. 9, 12.) 

S Y M P A T R I C A S S O C I A T E S 

The only other Celuca with a range coinciding at all 
with that of uruguayensis is leptodactyla. The popu
lations appear to be separated, at least in the Rio de 
Janeiro area, by differences in habitat, since uruguay
ensis congregates on muddy, not relatively sandy, 
substrates. On Ilya Pinheiro, populations of both 
(Minuca) burger si and rapax were active within a 
few meters. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 608.) 

Observations and Collections. Rio de Janeiro, Brazil. 

T Y P E MATERIAL AND NOMENCLATURE 

Uca uruguayensis Nobili, 1901 

HOLOTYPE. In Regio Museo Zoologico di Torino. 
Label follows name with "Tipo. Dr. F. Silvestri. 
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1900." Measurements in mm: length 9.5; propodus 
27. (!) Type-locality: La Sierra, Uruguay. 

Type Material of Uca olympioi Oliveira, 1939. In 
Instituto Oswaldo Cruz, Rio de Janeiro. Types not 
seen by me, but Dr. Oliveira showed me the living 
crabs, which I collected, on Ilya Pinheiro, the type-
locality in Guanabara Bay, Rio de Janeiro. Now that 
the characteristics of gonopods and palm-ambulatory 
stridulating mechanisms are known in the group, it is 
clear that olympioi should be considered a synonym 
of Uruguayensis. Oliveira's 4 specimens (1939.1: 
130) that he referred to the latter species were all 

REFERENCES AND SYNONYMY 

Uca (Celuca) Uruguay ensis Nobili, 1901 

Uca uruguayensis 

TYPE DESCRIPTION. Nobili, 1901.2: 14. Uruguay: La 
Sierra. (Torino !) 

Rathbun, 1918.1: 413; PI. 150. Brazil: Rio de 
Janeiro and, in Santos, East Piassaguera. Uruguay: 
Maldonado and elsewhere. Taxonomy. 

Luederwaldt, 1919.1: 384, 400. Brazil: Santos. 
Color. 

Luederwaldt, 1919.2: 435. Brazil: Sao Sebastiao, 
Santos. 

unusually large for the island; the smaller ones, on 
which he based olympioi, were from characteristic, 
displaying populations. The major chelipeds are in 
general more leptochelous and attain adult propor
tions at a smaller size, in the Rio de Janeiro region 
than in the specimens I have seen from Uruguay; 
nevertheless, since Oliveira did secure large, brachy-
chelous examples on Pinheiro, a division into sub
species appears at present to be unwarranted. The 
superficial resemblance of leptochelous uruguayensis 
to leptodactyla led him to believe that olympioi was 
most closely related to that species, rather than to 
uruguayensis. 

Maccagno, 1928: 38; Text Fig. 23 (claw). No 
new material. Taxonomy of type. 

Luederwaldt, 1929: 54. Brazil: Sao Sebastiao I. 
Oliveira, 1939.1: 130; PI. 8, Figs. 45, 46. Brazil: 

Rio de Janeiro. Taxonomy. 
Gerlach, 1958.1: 672. Brazil: Estado Sao Paulo 

(near Cananeia). Ecology. 

Uca olympioi 

Oliveira, 1939.1: 128; PI. 8, Figs. 41, 42, 48; PL 
14, Figs. 63, 64. Brazil: Rio de Janeiro. Type de
scription; color (p. 140). 
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40. UCA {CELUCA) [CRENULATA] CRENULATA (LOCKINGTON, 1877) 

(Subtropical and warm temperate eastern north Pacific) 

PLATE 30 E-l. MAP 15. 
FIGURES 70 D, G; 101. TABLES 9, 10, 20. 

INTRODUCTION 

Although the form here designated U. crenulata 
crenulata still occurs in southern California on the 
Pacific coast of America, it has become scarce. Cer
tainly it is the only Uca now found in the eastern 
Pacific north of the Mexican border. The few bio
logical observations were made before the middle of 
this century (p. 233). We know nothing of the biol
ogy of the form here regarded as a subspecies, c. 
coloradensis, and restricted to the Gulf of California. 

M O R P H O L O G Y 

Diagnosis 
Front moderately wide. Major cheliped with upper 
part of manus bent over moderately to sharply, its 
top more or less flattened, with a distinct marginal 
ridge and groove; surfaces of pollex and manus finely 
tuberculate or granulate; oblique, tuberculate, ridge 
inside palm strong; Gonopod with thumb well devel
oped. Female carapace sometimes with two patches 
of pile posteriorly. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained less than 4 
times in that of carapace. Orbits practically straight. 
Antero-lateral angles either slightly acute and pro
duced or rectangular. Antero-lateral margins straight, 
diverging, turning at an angle into dorso-lateral mar
gins which are either strong throughout or weak pos
teriorly. Often 2 pairs of postero-lateral striae, but 
upper pair, close behind ends of dorso-lateral mar
gins, sometimes weak or absent. Vertical lateral mar
gins slightly weak dorsally. Eyebrow more than half 
as wide as diameter of adjacent part of depressed 
eyestalk. Suborbital margin with strong crenellations, 
differing little in size, not continuing around outer 
orbital margin. Lower side of antero-lateral angle 
rounded. 

Major Chelped. Merus: Antero-dorsal margin mod
erately arched throughout; blunt but tuberculate. 

Anterior surface granulate. Carpus: Oblique ridge of 
inner surface granulate. 

Manus: Bending of outer, upper surface moderate 
to strong, notably flattened. Outer tubercles minute 
in lower three-quarters, abruptly large in upper, out
er, bent-over quarter and, proximally, near articula
tion with carpus; tubercles forming variable, irregu
lar rugosities near dorsal margin in some individuals 
and, stopping, leaving a nearly smooth band, along
side the strong outer dorsal groove. Dorsal margin 
distal to carpal cavity with outer edge distinct and 
tuberculate, inner edge indistinct, intervening surface 
relatively narrow, little flattened, covered closely with 
sharp tubercles in irregular, obliquely transverse 
rows, directed intero-distally. Ventral margin with a 
row of minute and similar tubercles that die out at 
pollex base. Ventral, outer groove absent. 

Palm with lower triangle covered with minute 
tubercles either completely or only in about proximal 
half. Oblique tuberculate ridge moderate, apex and 
ridge of about uniform height or apex slightly higher; 
tubercles close set and of similar size throughout, 
continued far upward around carpal cavity's low dis
tal margin to its distal extension. Carpal cavity with 
ventral margin low, thick, convex; distal part of cav
ity steeply sloping to tubercles on upward extension 
of oblique ridge. Beaded inner edge of proximal dor
sal margin curving disto-ventrally for a short distance 
only, stopping above beginning of distal extension of 
carpal cavity; this extension is short, diminishing 
gradually in depth and width, bounded above and 
below by tubercles as described above and incom
pletely separated from predactyl area by scattered 
tubercles. Predactyl area centrally smooth, marked 
by a small depression and bounded ventrally by a 
low, blunt ridge with one or more coarse tubercles. 

Pollex and dactyl: Similar to Uruguayensis, but 
with minute tubercles or granules differently distrib
uted and sometimes present on inner as well as outer 
surfaces; tubercles on proximal, dorsal part of dactyl 
smaller and less extensive. Gape pile present or 
absent. 

Minor Cheliped. Gape much narrower than pollex. 
Serrations in general well developed but variable, not 
in contact. 
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Ambulatories. 2nd and 3rd meri moderately broad, 
their dorsal margins little convex to almost straight. 
1st carpus on major side, minor side, or both ante
riorly with a longitudinal row of minute tubercles or 
granules, often vestigial, in proximal half of segment. 

Gonopod. Differs from that of cumulanta (p. 241) 
in lacking a projection on inner edge of pore lip, in 
sometimes having the external distal edge of tube 
produced, in having a longer inner process, and in 
sometimes having an exceptionally long thumb. 

FEMALE 

A pair of large patches of pile on posterior part of 
carapace, one above base of each 4th ambulatory, 
present or absent. Suborbital crenellations markedly 
more deeply excavate than in male, with less fusion 
at outer anterior angle of orbit. Gonopore either 
straight or curved. 

Measurements (in mm) 

c. coloradensis (All from 
near mouth of 
Colorado R.) 

Largest male (holotype) 
Moderate male 
Largest female 
Moderate female 

c. crenulata (All from 
west coast of 
Lower California) 

Largest male 
Moderate male 
Largest female 
Moderate female 

Length 

12.5 
10.5 
12.0 
9.5 

13.0 
11.0 
13.0 
12.0 

Breadth 

20.0 
16.0 
17.5 
12.5 

19.0 
17.0 
18.5 
17.5 

Propodus 

33.0 
22.0 
-
-

36.0 
29.0 
-
-

Dactyl 

29.0 
16.5 
-
-

25.5 
21.0 
-
-

Morphological Comparison and Comment 

U. crenulata should be easily distinguished as follows 
from the few other moderate- to broad-fronted Uca 
with ranges known to be partially coincident, or that 
may prove to be so. U. c. coloradensis differs from 
m. musica in its less arched carapace, wider front, 
flattened dorsal manus, and lack of parallel striae on 
triangular area of major palm. U. c. crenulata differs 
from stenodactylus in its wider front, marginal ridge 
with groove on upper manus, and large thumb on 
gonopod; it differs from two Minuca, brevifrons and 
galapagensis, in its narrower front and, especially, in 
its straight antero-lateral margins with sharp poste
rior angles. 

The forms here considered subspecies differ so 
slightly, when compared with other members of the 
superspecies, that their reduction from specific rank 
seems justified. This step is taken in spite of, or rather 
partly because of, a collection of specimens in the 
Museum of Comparative Zoology, Harvard, that con

tains representatives of both forms from Guaymas. 
When, however, the material is carefully compared 
with examples from the head of the Gulf of Cali
fornia and from the west coast of Lower California— 
that is, from characteristic parts of the range of each 
form—anomalies are apparent in some specimens. 
For example, the degrees of bending and flattening 
of the dorsal part of the major manus show more 
variation than usual, appearing intermediate in sev
eral individuals. The Guaymas series (listed under 
both subspecies under Material Examined, p. 608), 
are insufficient for a comparative study which, it is 
hoped, someone will soon undertake in this distribu-
tionally interesting locality. Specimens from San 
Felipe, on the Gulf's northwest coast, although less 
ambiguous than some of those from Guaymas, show 
traces of coloradensis characteristics; they are re
ferred here, however, to c. crenulata. 

A comparison of all the members, including crenu
lata, of the superspecies crenulata and their allies will 
be found on p. 217. 

Color 

(I made the following observations on September 30, 
1944, in bright sunshine during a tidal period that 
reached low in mid-afternoon, at Newport Beach, 
Los Angeles. Only several males displayed; they were 
of small size and presumably belonged to the year's 
brood, although they may have been of normal size 
for their latitude.) Fugitive display whitening pres
ent, starting development an hour or more before 
low. Lightest males, including the two displaying in
dividuals: carapace grayish white. Major cheliped 
with merus bright crimson red outside; inner merus, 
outer manus, and outer chela brilliant white; palm 
and inner chela creamy to white. Eyestalks ranging 
from yellow green to pale turquoise. Minor chela 
pinkish. Ambulatories with anterior merus of 1st 
crimson red; otherwise all segments marked with 
brown and cream. 

S O C I A L B E H A V I O R 

Waving Display 

Each of the two displaying individuals gave a single 
series of lateral, straight waves, each wave lasting less 
than .75 second; jerks absent; several waves in series 
with a small pause between each 2 waves. No signs 
of courtship were observed. (Observed component: 
4.) 

R A N G E 

Western shores of Mexico and United States of 
America, from Tenacatita Bay in Jalisco and the 
Gulf of California north to near Los Angeles. Dis-
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tribution details under subspecies. More southern 
records, from Costa Rica (Boone, 1930: 221) and 
from Salvador (Bott, 1954: 171), refer to other 
species. 

BlOTOPE 

At Newport Beach the crabs lived on the edges of 
salt lagoons well sheltered from the sea. The bur
rows were in sloping banks, the lower portions of 
which were muddy changing to sandy at upper levels. 
(Biotope no. 16.) 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given in 
Appendix A, p. 608.) 

Observations and Collections. Los Angeles (Newport 
Beach). 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca crenulata (Lockington, 1877) 
HOLOTYPE of Gelasimus crenulatus. Not extant. 
Type-locality: Todos Santos Bay, Lower California. 
A male labeled "tipo" from the type-locality is de
posited in the museum of the University of Torino 
(cat.no. 872). (!) 

Type Material of Gelasimus gracilis Rathbun, 1893. 
In Smithsonian Institution, National Museum of Nat
ural History, Washington. Cat. no. 4622. 1 male spe
cially labeled "type" plus 33 additional males and 6 
females from La Paz, Lower California. (!) 

Uca crenulata coloradensis (Rathbun, 1893) 
HOLOTYPE of Gelasimus coloradensis. In Smithsonian 
Institution, National Museum of Natural History, 
Washington. Male holotype cat. no. 17459. Measure
ments on p. 233. Type-locality: Horseshoe Bend, 
Colorado R. (!) 

Uca (Celuca) [crenulata] crenulata 
coloradensis (Rathbun, 1893) 
(Head of Gulf of California; Guaymas) 

M O R P H O L O G Y 

With the characteristics of the species. Carapace: 
Antero-lateral angles practically rectangular. Dorso

lateral margins weak posteriorly. Upper pair of pos-
tero-lateral striae sometimes present. Female with a 
pair of large patches of pile on posterior part of cara
pace. Major Cheliped: Upper, outer part of manus 
sharply bent over and strongly flattened. Palm with 
apex and ridge of oblique ridge of about uniform 
height, the tubercles of similar size throughout. Pol-
lex and dactyl with external granules confined to sur
faces close to gape. Gape pile present or absent. 
Gonopod: External distal edge of tube produced; 
thumb not exceptionally long. Female Gonopore: 
Anterior, outer edge very slightly raised, thin, curved. 

Uca (Celuca) [crenulata] crenulata 
crenulata (Lockington, 1877) 
(From Tenacatita Bay in Jalisco north on the 
Gulf of California's east shore to Guaymas; on its 
west shore from La Paz north to San Felipe; 
on the west coast of Baja California and California 
from Todos Santos Bay to Newport Beach, near 
Los Angeles) 

M O R P H O L O G Y 

With the characteristics of the species. Carapace: 
Antero-lateral angles slightly acute and produced. 
Dorso-lateral margins well marked throughout. Up
per pair of postero-lateral striae always absent. Fe
male without patches of pile on posterior part of 
carapace. Major Cheliped: Upper, outer part of 
manus, while moderately bent over, is less sharply so 
than in c. coloradensis, and less flattened. Palm with 
apex slightly higher than in c. coloradensis, with its 
tubercles a little larger than those on remainder of 
oblique ridge. Fine tuberculation of pollex and dac
tyl not confined to surfaces close to gape, as in c. 
coloradensis, but generally distributed externally, as 
in uruguayensis, and also extending over inner sur
faces as well, except along middle of inner side of 
pollex; there the slight depression originating on palm 
at pollex base extends more distally than usual. Gape 
pile absent. Gonopod: External distal edge of tube 
less produced, resembling instead the rounded edge 
found in cumulanta. Thumb much longer than in any 
related form, almost reaching corneous base of spe
cialized tip instead of ending far below it. Female 
gonopore: Slit-like, its axis anterior-posterior. 

http://cat.no
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REFERENCES AND SYNONYMY 

Uca (Celuca) crenulata (Lockington, 1877) 

TYPE DESCRIPTION. See under U. (C.) crenulata 
crenulata, below. 

Uca (Celuca) crenulata crenulata 

(Lockington, 1877) 

Gelasimus crenulatus 

TYPE DESCRIPTION. Lockington, 1877: 149. Mexico: 
Todos Santos Bay on west coast of Lower California. 

Gelasimus gracilus 

Rathbun, 1893: 244. Mexico: La Paz, at south 
end of Lower California. Type description. 

Uca gracilis 

Rathbun, 1898.2: 603. Mexico: Gulf of Califor
nia (Pichilinque Bay). Taxonomy. 

Rathbun, 1900.2: 586. Key. 

Uca crenulata 

Holmes, 1900: 75; PI. 1, Figs. 7-9. No new rec
ord. Taxonomy; reported reexamination of Locking-
ton's material. 

Rathbun, 1918.1: 409; PI. 146. U.S.A.: San 
Diego. Mexico: Lower California from Todos Santos 

Bay to San Felipe: ? Guaymas; Mazatlan. (USNM !) 
Schmitt, 1921: 279; Text Fig. 164. U.S.A. Cali

fornia. No new record. Taxonomy. 
Rathbun, 1923.1: 632. Mexico: Lower California. 
Rathbun, 1924.4: 377. Mexico: Gulf of Califor

nia: Balandra Bay, Carmen I. 
Maccagno, 1928: 43; Text Fig. 27 (claw). Mex

ico: Todos Santos Bay. Taxonomy. 
Crane, 1941.1: 198. No new records. Taxonomy. 
Garth, 1960: 110. Mexico: west coast Baja Cali

fornia. Distribution. 

Uca (Celuca) crenulata coloradensis 
(Rathbun, 1893) 

Gelasimus coloradensis 

TYPE DESCRIPTION. Rathbun, 1893: 246. Mexico: 
Horseshoe Bend, Colorado R. (USNM !) 

Uca coloradensis 

Holmes, 1900: 76. Mexico: Guaymas. Taxonomy. 
Rathbun, 1900.2: 586. Key. 
Rathbun, 1918.1: 210; PI. 147. Mexico: Colorado 

R., opposite mouth of "Hardy's Colorado" R., So-
nora; Guaymas. Taxonomy. (USNM !) 

Garth, 1960: 113. Mexico: mouth of Colorado 
R. Distribution. 
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41 UCA {CELUCA) [CRENULATA] SPECIOSA (IVES, 1891) 

(Subtropical and warm temperate western Atlantic) 

PLATE 31. MAP 15. 
FIGURES 68 G, K; 101. TABLES 9, 10, 12, 19, 20. 

INTRODUCTION 

Two forms hitherto considered separate species, Uca 
speciosa and U. spinicarpa, are here classed as sub
species, since the chief specific characters have 
proved to be unreliable. Both are known principally 
from the subtropical and warm temperate shores of 
the United States of America, although one extends 
south to Yucatan. At least in Florida speciosa uses 
sound production in nocturnal courtship, a behavior 
pattern that is proving to be common among species 
from higher latitudes (pp. 238, 501). 

MORPHOLOGY 

Diagnosis 

Front broad; antero-lateral margins straight, sharply 
angled posteriorly. Major cheliped with oblique, 
tuberculate ridge present on palm and continued 
strongly upward around carpal cavity to subdorsal 
area; tuberculate ridge on outer side of pollex absent; 
upper, outer manus smooth to casual inspection up 
to level of dorsal groove and ridge. Female either 
with plentiful pile, a tubercle beside gonopore, and a 
normally rounded front, or with practically no pile, 
no tubercle beside gonopore, and a front with poste
rior edge of distal marginal border truncate. 

Description 
With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Front wide, contained about 3 to 3.5 times 
in carapace breadth. Antero-lateral angles broadly 
acute, slightly produced. Antero-lateral margins long, 
straight or slightly concave, scarcely converging, 
angling sharply into dorso-lateral margins which are 
sometimes weak posteriorly. One or two pairs of 
postero-lateral striae, strong or weak, the short, 
lower striae being sometimes absent. Pile on dorsal 
part of carapace very variably present in patches on 
hepatic and branchial regions and in H-form depres
sion. 

Major Cheliped. Merus: Antero-dorsal margin mod
erately to strongly arched throughout, the distinct 
edge covered with minute tubercles. Carpus: With 

or without an enlarged tubercle at upper end of 
tuberculate, oblique ridge of inner surface; it may be 
present or absent in both subspecies and varies in 
size. 

Manus: Bending of outer, upper surface distinct, 
moderately to strongly flattened near dorsal margin. 
Outer tubercles minute throughout, scarcely to dis
tinctly enlarged dorsally, sometimes very slightly 
larger near base of gape. Dorsal outer groove shallow 
to pronounced. Dorsal margin distal to carpal cavity 
with outer edge distinct, slightly raised, and tubercu
late; inner edge indistinct; intervening surface scarce
ly flattened, narrow, armed with tubercles larger than 
any on outer surface and arranged in irregular, 
oblique rows directed interno-distally. Ventral mar
gin blunt, scarcely angled proximally, definitely 
rounded distally, the minute tubercles of outer manus 
continuing uninterrupted onto palm except for a reg
ular row of very minute tubercles which do not have 
an outer groove adjoining them. 

Palm with lower triangle covered with minute 
tubercles. Oblique tuberculate ridge moderate below 
apex which is moderately to strikingly high; tubercles 
largest on apex and continued far upward around 
carpal cavity's low, distal margin to the region of its 
distal extension, if any, into the predactyl area of up
per palm. Center palm with a scattering of small to 
moderate tubercles in predactyl area only. Carpal 
cavity and predactyl area about as in crenulata, but 
the cavity is sometimes confluent with predactyl area 
instead of always set off by a low ridge. 

Pollex and dactyl: Differ from both Uruguayensis 
and crenulata as follows: Dactyl in one subspecies 
less convex, the gape being narrower, sometimes 
barely wider near middle than adjacent pollex. Dac
tyl always with outer, proximal, subdorsal groove 
absent or rudimentary, its dorsal and subdorsal tuber-
culation being small and virtually confined to proxi
mal end; extremely minute tubercles present mar
ginally and submarginally on both outer and inner 
sides of pollex and dactyl, but absent in central areas 
except on outer side of pollex, which is entirely cov
ered. Gape pile absent. 

Minor Cheliped. As in crenulata. 

Ambulatories. 2nd and 3rd meri moderately slender, 
their dorsal margins slightly convex to almost straight. 
No anterior modification of 1st ambulatory. 



U. (CELUCA) SPECIOSA 237 

Gonopod. Flanges well developed, continuous dis-
tally in a truncate or slightly convex edge beyond the 
subdistal pore on inner surface. Flanges almost equal 
in width. Inner process triangular, with or without 
a broad base, overlying canal and posterior flange, 
not reaching distal margin of flange. Thumb moder
ately short and slender, its tip not reaching base of 
flange. 

Pile. Very variably present in patches on posterior 
hepatic regions, in H-form depression, postero-dor-
sally on major merus and carpus, dorsally on major 
manus, and, on each of first 3 ambulatories, on dorsal 
merus and on dorsal and posterior parts of carpus 
and manus. Through abrasion, variability, subspecific 
differences, or all three, pile is often practically 
absent. 

FEMALE 

Carapace and legs sometimes with very abundant 
pile, sometimes with practically none, depending on 
abrasion and the subspecies. Gonopore in one sub
species with a well-developed tubercle on antero
lateral part of margin, unique in the subgenus 
Celuca. 

Measurements (in mm) 

U. speciosa speciosa 
Largest males 

(Tortugas, Florida) 
(Sarasota, Florida) 

Moderate male 
(Miami, Florida) 

Largest female 
(Sarasota, Florida) 

Ovigerous female 
(Miami, Florida) 

U. speciosa spinicarpa 
Largest males 

(Mississippi) 
(Texas) 

Moderate male 
(Alabama) 

Largest female 
(Mississippi) 

Moderate female 
(Alabama) 

Length 

10.0 
10.0 

8.5 

10.0 

8.5 

12.0 
11.0 

8.0 

13.0 

7.0 

Breadth 

15.0 
15.0 

12.0 

14.5 

11.5 

19.0 
17.0 

11.5 

18.5 

9.5 

Propodus 

31.0 
27.0 

17.5 

-

-

32.0 
25.5 

17.0 

-

-

Dactyl 

24.0 
21.0 

11.5 

-

-

24.5 
19.0 

11.5 

-

-

Morphological Comparison and Comment 

The diagnosis should easily distinguish speciosa from 
pugilator, the only other Celuca in its range. The dis
tinctively rotund (Minuca) subcylindrica, which, 
like pugilator, lacks an oblique ridge on the major 
palm, is in its shape and gonopod completely differ
ent. The diagnosis distinguishes speciosa as well from 
burgersi, rapax, and pugnax, all of the subgenus 
Minuca, which are the only other small Uca in the 

area, all of which may be expected to occur with it 
more or less sympatrically. 

No series of either s. speciosa or, in particular, s. 
spinicarpa appear to have been collected giving num
bers sufficient for satisfactory comparisons of the 
subspecies. It is interesting that all of the taxonomi-
cally reliable characters distinguished on the major 
cheliped combine to provide stronger armature in s. 
spinicarpa than in s. speciosa; the associated special
izations extend even to the broader gape in s. spini
carpa which, as usual, accompanies an outstandingly 
high apex. All of these subspecific distinctions on the 
cheliped are functionally concerned, in species where 
the combat behavior is known, in the component 
here termed the heel-and-ridge (p. 490). 

A comparison of all the members, including speci
osa, of the superspecies crenulata and their allies will 
be found on p. 217. 

Color 

Displaying males near Miami: Carapace in Febru
ary dark brown, except anteriorly where there was a 
wash of yellowish; in August some of the displaying 
individuals lightened to dull yellowish white. Major 
cheliped (both seasons): brown except for lower 
outer manus and entire chela, which were brilliant 
white, outside and in. Eyestalks greenish. Ambula
tories, especially meri, often greenish, possibly due 
to algae. Females marbled with light and dark. 

SOCIAL BEHAVIOR 

Waving Display (Known in s. speciosa only) 

Wave usually a straight lateral, but sometimes circu
lar; cheliped stretched only slightly up, the move
ment being confined almost altogether to an outward 
and inward sweep of manus and chela; jerks absent; 
a brief pause between waves of a series, never a peak; 
fingers held constantly noticeably separated. Timing 
at greatest speed 2 waves per second, usually slower. 
Minor cheliped makes a corresponding motion. Body 
raised only slightly at beginning of a series and held 
there throughout; during peak display periods more 
than 12 waves sometimes occur in a single series. 
Ambulatories not raised as a regular part of display, 
although occasionally one leg elevates on minor side, 
apparently for balance only. (Components 4, 5, 9, 
11; timing elements: Table 19, p. 656.) 

Precopulatory Behavior 
(Known in s. speciosa only) 

Female follows male down his burrow, preceded by 
rapid waving display and by major-manus-drumming 
at the burrow's mouth, just before his descent. This 
observation agrees with that of Salmon (1967), who 
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also observed and recorded sounds of courtship at 
night (see below and p. 501). On February 9, 1944, 
a warm day, a small group in Miami was displaying 
strongly; 1 ovigerous female was collected. 

Acoustic Behavior 
(Known in s. speciosa only) 

In connection with nocturnal courtship Salmon 
(1967) found that sound production replaced wav
ing altogether, and concluded that the signals were 
of only one kind. 

Observations made diurnally in the course of the 
present study showed that major-manus-drumming 
(component 9) occurs not only in high-intensity 
courtship but also before combats and between com
bat rounds. Major-merus-rubbing apparently occurs, 
but the filmed evidence is indistinct. 

Combat (Known in s. speciosa only) 

The drumming under these conditions of combat also 
occurs occasionally in alternation with waving; fur
thermore, single waves with drumming were some
times performed in turn by each opponent before 
combat and between rounds in a fashion analogous 
to behavior since observed in lactea perplexa in Fiji 
and New Guinea (p. 491). At the time of the work 
on speciosa the complexities of combat were un
known, details of components were not noted, and 
unfortunately no films of the patterns were obtained. 

R A N G E 

Southern United States of America, eastern Mexico, 
and western West Indies, as follows. U. s. speciosa: 
Southeastern Florida from Vero Beach south to the 
Florida Keys; western Florida north to Piney Island, 
near the state's western border; Peninsula of Yucatan 
(holotype only); Cuba. U. s. spinicarpa: The limited 
material has been collected in Alabama, Mississippi, 
and Texas in the United States, and from northeast
ern Mexico. 

The specimens previously recorded from the island 
of Curacao are all representatives of the allopatric 
species, cumulanta, as is the single record from 
Jamaica. 

BlOTOPES 

In southern Florida, s. speciosa occurs above mid-
tide level on sheltered shores near mangroves, the 
muddy substrate being either bare or covered with 
mangrove debris (biotopes 6 and 9) . The only infor
mation on the biology of s. spinicarpa is given by 
Rathbun (1918.1, p. 411) as follows: "Mr. J. D. 
Mitchell says of the habitat of this species: 'Drain 

runs half a mile into the land from Matagorda Bay; 
in the head of this drain there are several shallow 
wells of fresh water for cattle, walled on three sides. 
These crabs were all around these wells.' " 

SYMPATRIC ASSOCIATES 

U. s. speciosa is separated by habitat preference from 
pugilator, the only other Celuca known from Florida. 
U. rapax occupies the zone above it and thayeri 
below. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 608.) 

Observations and Collections. Key Biscayne, Miami, 
Florida. 

Films. Key Biscayne. 

T Y P E M A T E R I A L AND N O M E N C L A T U R E 

Uca speciosa (Ives, 1891) 

HOLOTYPE. Gelasimus speciosus: Not now in Acad
emy of Natural Sciences, Philadelphia, although it 
was deposited there according to Rathbun (1918.1). 
Type-locality: Port of Silam, Yucatan. 

Uca spinicarpa Rathbun, 1900 

TYPE. In Smithsonian Institution, National Museum 
of Natural History, Washington; cat. no. 22183. 
Type-locality: Galveston, Texas. Measurements in 
mm: length 9.5; breadth 13.8 (Rathbun). Holotype 
not designated in lot of 2 males, 1 female; formerly 
dried, now in poor condition; the major claws of both 
males, however, are intact. (!) 

Uca {Celuca) [crenulata] speciosa 
speciosa (Ives, 1891) 
(Florida; Cuba; Yucatan) 

M O R P H O L O G Y 

Carapace: Front slightly broader than in s. spini
carpa, the posterior edge of its distal border slightly 
rounded; carapace finely granulate on anterior part 
of dorsal surface; posterior part of dorso-lateral mar
gins and upper pair of postero-lateral striae weak. 
Major Cheliped: Tubercles of outer manus slightly 
larger proximal to base of gape than subdorsally, 
where the tubercles are remarkably small for the 
area, which is only moderately bent over and flat
tened with the subdorsal groove shallow; apex of 
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oblique ridge on palm only moderately high; tuber
cles and ridge proximal to predistal area of palm 
strong but somewhat irregular; distal tubercles of 
oblique ridge in irregular, multiple rows; gape slight
ly narrower than in s. spinicarpa; subdorsal, proximal 
groove on dactyl absent. Gonopod: Inner process 
with base very broad, tip reaching pore; thumb aris
ing far down in shaft and ending far below base of 
flange. Female gonopore: Tubercle present. Pile: 
When not abraded, plentiful in both sexes but espe
cially on female, where its distribution is as follows. 
Carapace covered dorsally with dense, short pile ex
cept, apparently, near front and orbital margins; 
ambulatories with dorsal and posterior surfaces simi
larly covered on merus, carpus and manus of at least 
3rd and 4th legs and, to a lesser extent, of the more 
anterior appendages including minor cheliped. 

Uca {Celuca) [crenulata] speciosa 
spinicarpa Rathbun, 1900 
(Alabama, Mississippi, Texas; northern Mexico) 

M O R P H O L O G Y 

Carapace: Front slightly narrower than in s. speci
osa, the posterior edge of its distal border markedly 

REFERENCES AND SYNONYMY 

Uca (Celuca) speciosa (Ives, 1891) 

TYPE DESCRIPTION. See under U. (M.) speciosa spe
ciosa, below. 

Uca (Celuca) speciosa speciosa (Ives, 1891) 

Gelasimus speciosus 

TYPE DESCRIPTION. Ives, 1891: 179; PI. 5, Figs. 5, 
6. Mexico: Yucatan: Port of Silam ( = "possibly 
Dzilam de Bravo"—Chace & Hobbs, 1969). 

Uca speciosa 

Rathbun, 1918.1: 408; PI. 145. U.S.A., from 
south and west Florida. (Not specimens listed from 
Curacao, now transferred to U. cumulanta.) Tax
onomy. (USNM !) 

Crane, 1957. U.S.A.: southern Florida. Prelimi
nary classification of waving display. 

Salmon, 1967: 450; Figs. 1, 2, 3, 4, 6, 7. Distribu
tion in Florida; waving display; sound production. 

Miller, 1965. U.S.A. Morphology, physiology, and 
ecology in relation to distribution. 

truncate; carapace smooth on anterior part of dorsal 
surface; dorso-lateral margins and upper pair of pos-
tero-lateral striae strong. Major Cheliped: Tubercles 
of outer manus distinctly larger subdorsally than 
elsewhere, this area flatter than in s. speciosa; dorsal 
submarginal groove well developed; apex of oblique 
ridge on palm strikingly high; tubercles of this ridge 
both in upper part beside carpal cavity and in distal 
part near ventral margin regular, with little or no 
development of multiple rows; gape broader than in 
s. speciosa; subdorsal, proximal groove on dactyl 
present, although rudimentary. Gonopod: Inner 
process with base relatively narrow, its tip not nearly 
reaching pore; thumb moderately short, arising closer 
to base of flange than in s. speciosa, and with its tip 
almost reaching flange. Female Gonopore: Tubercle 
absent. Pile: Apparently far less plentiful in both 
sexes, even when not abraded, than in s. speciosa. 
A number of males lack it except for traces in H-
form depression and on legs, while it is sometimes 
plentiful on the flattened, dorsal part of outer major 
manus. In the several females examined it is virtually 
absent. 

In the several specimens from Tampico, the 
antero-lateral margins are relatively rounded, not 
strongly angled. 

Chace & Hobbs, 1969: 215; Text Figs. 73c, d. 
Distribution to date, following their reidentification 
of Rathbun's Curasao specimens as U. cumulanta 
and her Jamaican specimen identified as U. spini
carpa now referred to U. speciosa. New record from 
Cuba. Taxonomy. 

von Hagen, 1970.1: 227. Distribution in West In
dies (no new records). Taxonomy. 

Uca (Celuca) speciosa spinicarpa 
Rathbun, 1900 

Uca spinicarpa 

TYPE DESCRIPTION. Rathbun, 1900.2: 586. U.S.A.: 
Texas: Galveston. Description confined to key and 
designation of type. (USNM !) 

Rathbun, 1918.1: 411. U.S.A.: Alabama: near 
Mobile; Mississippi: Biloxi Bay; Texas: drain near 
Matagorda Bay. Mexico: Maron: Laguna Madre; 
Tampico. (Not specimen from Kingston, in Jamaica 
[USNM 22313 — cumulanta] or from Brazil.) Tax
onomy. (USNM !) 
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42. UCA {CELUCA) [CRENULATA] CUMULANTA CRANE, 1943 

(Tropical western Atlantic) 

PLATES 32 A-D; 47 B. MAP 15. 
FIGURES 37 N; 56 G; 60 7, K; 70 L; 101. TABLES 9, 10, 12, 14, 19, 20. 

INTRODUCTION 

Among tropical Atlantic fiddlers, displaying males of 
cumulanta and leptodactyla alone are known to build 
hoods. As in the other hood-building forms, only 
some members of a few known populations construct 
them. 

Within its range, Uca cumulanta is always the 
smallest fiddler in a mixed population, the other 
Celuca, leptodactyla, preferring sandier habitats. 
Found on muddy banks near low-tide levels, cumu
lanta is usually recognizable at once in the field 
through the bright blue green carapaces of most dis
playing males. 

M O R P H O L O G Y 

Diagnosis 

Crab size small, front moderately broad; antero
lateral margins straight, sharply angled posteriorly. 
In male, no abdominal segments fused; 1st ambula
tory with a row of minute tubercles on anterior side 
of major carpus. Ambulatories in both sexes without 
pile on carpus or manus. Gonopod tip appearing 
broadly tubular, there being no projecting flanges; a 
high tubercle on antero-inner edge of the wide, termi
nal pore. Female carapace sometimes with two 
patches of pile posteriorly. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 4 times 
in that of carapace. Antero-lateral margins straight 
or slightly concave, very slightly diverging or con
verging; angling sharply into dorso-lateral margins. 
Each of the single pair of short postero-lateral striae 
curves inward to parallel the posterior margin of 
carapace. Breadth of eyebrow about half diameter of 
adjacent part of depressed eyestalk. Suborbital mar
gin with strong crenellations, differing little in size, 
not continuing around outer orbital margin. Lower 
side of antero-lateral angle rounded. 

Major Cheliped. Merus: Antero-dorsal margin mod
erately arched throughout; proximally forming a 
thick blunt ridge which is wholly unarmed; distally 
tuberculate and rugose. Surface rugosities weak ex
cept on posterior convexity. Carpus: Practically 
smooth except for a few distal rugosities. Oblique 
ridge of inner surface indistinct and tuberculate. 

Manus: Bending of outer, upper surface distinct, 
flattened near dorsal margin. Outer tubercles minute; 
slightly larger in outer part of bent-over portion, but 
minute or absent alongside the strong, dorsal, outer 
groove. Dorsal margin distal to carpal cavity with 
outer edge distinct but with tubercles few or weak; 
inner edge indistinct; intervening surface an elevated, 
broad, somewhat convex lip, sometimes almost 
smooth, sometimes with traces of irregular, oblique 
rows of low, elongate tubercles directed intero-dis-
tally; dorsal margin close to dactyl base with a vari
able cluster of low tubercles and pits. Cuff outside 
dactyl base with a scattering of minute tubercles, as 
on nearby outer surface of manus, in addition to the 
usual row of tubercles starting here and continuing 
on subgape region of pollex. Ventral margin a rudi
mentary keel, low and blunt, with tubercles scarcely 
indicated or absent, variable, stopping at pollex base. 
Ventral outer groove absent. 

Palm with lower triangle covered with extremely 
minute tubercles. Oblique ridge high throughout, 
apex highest; tubercles tending to irregularity, usual
ly in single row between pollex base and apex, where 
they are largest, sometimes bicuspid; continued, still 
large and both irregular and variable in form and 
arrangement, practically or entirely reaching down-
curving inner edge of dorsal margin. Carpal cavity 
with ventral margin low, thick, convex; distal part 
of cavity sloping moderately, its upper region with
out a distal extension, being set off from the spacious 
predactyl area by the two sets of tubercles just de
scribed. Predactyl area smooth or slightly lumpy, 
with a small depression, not set off from center palm 
by either ridge or tubercles. 

Pollex and dactyl: Differ from c. coloradensis as 
follows. Dactyl with outer, proximal subdorsal 
groove shorter; dactyl's dorsal and subdorsal tuber
cles few, low, rounded, and traceable only through 
about proximal third of segment. Gape pile absent. 
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Minor Cheliped. As in crenulata. 

Ambulatories. 2nd and 3rd meri moderately broad, 
their dorsal margins slightly convex. 1st carpus on 
major side with a short, longitudinal row of minute 
tubercles along middle of anterior surface. 

Gonopod. No projecting flanges; pore very wide, 
terminal, with a high tubercle on its antero-inner 
edge. Inner process narrow, scarcely tapering, over
lying canal; tip rounded, almost reaching pore. 
Thumb short, not nearly reaching base of projecting 
corneous section. 

Pile. Two small patches of pubescence present or 
absent in H-form depression. 

FEMALE 

Dorsal and, behind vertical lateral margin, lateral 
parts of carapace finely granulate. A pair of patches 
of pile on posterior part of carapace, present or ab
sent, large or small, one above base of each 4th am
bulatory, as well as pile in H-form depression. Sub
orbital crenellations definitely stronger than in male. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male (Trinidad) 
Moderate male (Trinidad) 
Smallest displaying 

male (Turiamo) 
Largest female 

(ovigerous) (Turiamo) 
Moderate female 

(Turiamo) 

10.5 
8.0 

4.9 

8.5 

6.0 

15.5 
13.0 

6.8 

13.0 

8.5 

28.0 
22.0 

9.0 

-

-

21.5 
16.0 

5.8 

-

-

Morphological Comparison and Comment 

The diagnosis aims in particular to distinguish cumu-
lanta from leptodactyla, the only other Celuca in its 
usual range, as well as from small adults of Minuca. 

All of the specimens at hand of female cumulanta 
with pile posteriorly on the carapace come from 
Turiamo, Venezuela, and from Georgetown, Guyana. 
It is interesting that two patches of pile similarly re
stricted are known only in females of crenulata colo-
radensis, from the head of the Gulf of California. The 
small patches usually found in the H-form depression 
of cumulanta are often absent in males from Trini
dad and Turiamo but regularly present elsewhere. 

A comparison of all the members, including cumu
lanta, of the superspecies crenulata and their allies 
will be found on p. 217. 

Color 

Displaying males: No display whitening. Carapace 
iridescent or shining greenish or bluish, at least ante

riorly and sometimes completely, the color varying 
among populations from bottle green to pale tur
quoise; remainder of carapace, if any, mottled, or 
marbled with dark and light. Major cheliped: merus 
outside brown, inside reddish to reddish brown; outer 
manus yellowish brown; palm bluish or yellowish; 
fingers sometimes pinkish at base and tips, otherwise 
white or yellowish outside and in; ambulatories red
dish or reddish brown, sometimes banded with 
shades of gray. Females dull. 

SOCIAL BEHAVIOR 

Waving Display 

Wave lateral, either straight or circular; jerks absent; 
no pause at peak, which is higher than in Florida 
speciosa; minor cheliped makes corresponding mo
tion; body moderately elevated with each wave; am
bulatories remain on the ground. Display at rate of 
about 1 wave per second, the waves often separated 
within the irregular series by 2 seconds or more ex
cept during high intensity courtship. (Component 
nos. 4, 5, 9, 10; timing elements: Table 19, p. 656.) 
Many series, whether in threat, ambivalence, or defi
nite courtship, end with major-manus-drums against 
the substrate close to the burrow mouth. Major-
merus-drums against the carapace that sometimes 
occur between and after waves appear to be confined 
to agonistic situations between males. Often a small, 
natural elevation close to the burrow is climbed and 
used as the display site. Only one individual was ever 
seen to display from the top of his hood, which he 
did repeatedly. 

Precopulatory Behavior 

The male sometimes strokes the female with his am
bulatory dactyls at the surface after high intensity 
waving and before drumming on the substrate at the 
mouth of his burrow. No attempt to copulate at the 
surface has ever been seen. The usual pattern is for 
the female to follow the male below ground, at the 
end of high intensity waving and final drumming. 
Several males, each of which was not promptly fol
lowed under these conditions by an attentive female, 
reemerged, mounted a small, natural mound nearby, 
and displayed vigorously with drumming. In each of 
the three examples the female suddenly dashed down 
his burrow, in advance of the male, which promptly 
followed. One of these three crabs had a well-con
structed hood, but did not display from its summit. 

Acoustic Behavior 

In addition to the major-merus-drums and major-
manus-drums already described, leg-wagging occurs 
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as usual in both sexes. (Component nos. 7, 9, 5 re
spectively.) Major-manus-drumming has been seen 
clearly to occur, well inside the burrow mouth, in 
response the threatened entry of an intruder as well 
as of an attracted female; oscillograms from record
ings made in each case are included in PL 47. 

Combat 

The following components are known to be included 
in cumulanta? s repertory: Manus-rub, dactyl-slide, 
interlace, and heel-and-ridge, with and without taps 
(component nos. 1, 6, 9, 12). Burrow-holders close 
to the entrance to their burrows often use either the 
major-merus-drum against the carapace or the 
major-manus-drum against the substrate, with or 
without waving, just before a combat. Alternating 
displays, each composed of both drumming and wav
ing, by the two opponents have not been noted, un
like the observation already described for the closely 
related speciosa. 

Hood and Chimney Construction 

Only three populations have been found in which 
some displaying males build hoods, the activity 
which suggested the name for the species. These 
places were the type-locality at Pedernales, Venezu
ela, Turiamo, also in Venezuela, and on the island of 
Curacao. No trace of hoods was ever found in Trini
dad, where cumulanta was often observed, both in 
the field and in crabberies, nor were they found in 
any of a number of populations checked in Guyana, 
Surinam, and Brazil. The hoods observed ranged 
from rough and poorly formed to examples as sym
metrical as those of any fiddler except musica terpsi-
chores. A typical hood at the type-locality measured 
about 38 mm in height and slightly more in width, 
outside dimensions. The single observation of a 
hood's top being used as a display site was mentioned 
above, under the heading Waving Display. 

In Turiamo and Curacao a few examples were 
seen of small chimneys that apparently belonged to 
the females of this species. They were being rein
forced from the inside. The individuals were not cap
tured, and their identity remains to be checked. 

R A N G E 

Known from the Caribbean coast of Panama at 
Colon; from Venezuela, Guyana, Surinam, and 

Brazil, and from the islands of Jamaica (one rec
ord), Curacao, and Trinidad; apparently absent from 
any other islands in the Caribbean. 

BlOTOPES 

Sheltered banks and shores of mud or sandy mud 
close to mangroves but not in their shade (biotope 
nos. 11, 12). Populations are usually concentrated 
somewhat below mid-tide levels. 

S Y M P A T R I C A S S O C I A T E S 

Since cumulanta does not share habitats with lepto-
dactyla, it has no close sympatric associate. In typi
cal associations elsewhere, it shares the lower shore 
with maracoani, thayeri, or both, while rapax lives 
in the upper zone, the two species mingling at the 
edges. It will be noted that all four belong to different 
subgenera. Other members of the genus wtih coinci
dent ranges usually occur in less saline habitats, ex
cept for the uncommon major which lives in habitats 
similar to that of cumulanta. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 608.) 

Observations and Collections. Venezuela: Pedernales 
(Delta Amacuro); Turiamo (Aragua). Trinidad. 
Curasao: observations but no collections. 

Films. Pedernales; Trinidad. 

Sound Recordings. Trinidad. 

T Y P E MATERIAL AND NOMENCLATURE 

Uca cumulanta Crane, 1943 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137402 (formerly New York Zoological Society cat. 
no. 42423). Type-locality: Pedernales, Delta Ama
curo, Venezuela. Measurements in mm: length 8.4; 
breadth 13.9; propodus 24.5. (!) 

Additional type material. Deposited in the same in
stitution, from the type-locality: 7 male paratypes, 
length 6.3 to 7.8 mm; 6 female paratypes, length 
6.9 to 8.4 mm: cat. no. 137403 (formerly New York 
Zoological Society cat. no. 42423a. (!) 
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REFERENCES AND SYNONYMY 

Uca (Celuca) cumulanta Crane, 1943 

Uca speciosa (not Gelasimus speciosus Ives) 

Rathbun, 1918.1: 408 (part). Specimens listed 
from Curacao. (USNM !) 

Rathbun, 1924.3: 19. Curacao. Local distribu
tion. (USNM !) 

Uca spinicarpa (not of Rathbun) 

Rathbun, 1918.1: 412 (part). Specimen listed 
from Jamaica. (USNM !) 

Uca cumulanta 

TYPE DESCRIPTION. Crane, 1943.2: 42; Text Figs. 
Ig, h, i; PI. 1, Figs. 4-6. Venezuela. Color; waving 
display; hoods; habitat. (USNM !) 

Crane, 1957. Venezuela; Trinidad. Preliminary 
classification of waving display. 

Holthuis, 1959.3: 274; Text Fig. 68a; PL xiv, Fig. 
3; PL xv, Fig. Suriname. Taxonomy; habitat. 

von Hagen, 1967.2. Trinidad. Tape-recordings 
secured. (Preliminary statement.) 

Chace & Hobbs, 1969: 211; Text Figs. 71e, f. 
Taxonomy. Reidentification of Rathbun's (1918.1: 
409; 1924: 19) specimens of speciosa from Curasao 
as cumulanta. 

von Hagen, 1970.1: 226. Colon, Panama ( = rec
ord of material in Leiden museum). Relationships; 
distribution. 

von Hagen, 1970.4. Illus. Trinidad. Adaptations 
to a particular intertidal level. 
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43 UCA (CELUCA) [CRENULATA] BATUENTA CRANE, 1941 

(Tropical eastern Pacific) 

PLATE 32 E-H. MAP 15. 
FIGURES 70 A; 93; 101. TABLES 9, 10, 12, 19, 20. 

INTRODUCTION 

A very small, partly white fiddler, Uca batuenta has 
a waving display of special interest. The conspicuous 
drumming motions that end most individual waves 
rarely or never actually touch either the ground 
or the carapace. These vibrations should, it seems, 
be considered a ritualization of a common acoustic 
mechanism, the major-manus-drum. This component 
occurs in proven functional form in two other mem
bers of the same superspecies, speciosa and cumu-
lanta, in both of which tape recordings have been 
secured. 

During each wave, batuenta holds its cheliped for 
an instant at the highest point attained, a habit that 
usually distinguishes it easily in the field even from 
saltitanta, its otherwise similar, close sympatric. The 
only other small fiddler in the eastern Pacific known 
to have a wave similarly accented is deichmanni, 
which usually does not share habitats with these mud-
loving species and moreover shows no display whit
ening on the carapace. 

M O R P H O L O G Y 

Diagnosis 

Size very small. Front moderately broad; eyebrow 
less than half width of eyestalk; antero-lateral angles 
rectangular, not produced. Suborbital crenellations 
obsolescent except externally where, however, there 
is no large isolated tooth. Major pollex at base little 
or no deeper than base of dactyl, merging with manus 
dorsally in the usual concave line; no large, triangu
lar teeth on dactyl but pollex usually with a single, 
very large, tuberculate projection in distal half; no 
supraventral keel on outer pollex. Minor cheliped 
with palm not unusually broad and thick. Gonopod 
with thumb represented by a shelf; pore without a 
projection on lip. Segments of male abdomen incom
pletely fused. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Differs from cumulanta as follows: Pos-
tero-lateral striae shorter, sometimes indistinct. Ver
tical lateral margin weak. Carapace profile more 
arched, the grooves less well marked. Frontal margin 
distally weak. Breadth of eyebrow slightly narrower 
than in cumulanta. Suborbital crenellations near 
antero-external angle fused into a single elongate 
crest. 

Major Cheliped. Merus: Antero-dorsal margin 
straight proximally, convex distally; proximally with 
a low ridge which is either practically unarmed or 
slightly rugose. Anterior surface almost or entirely 
unarmed dorso-distally. Carpus: Practically smooth. 

Manus: Bending of outer, upper surface distinct, 
moderately flattened near dorsal margin. Outer tuber
cles extremely minute throughout, with enlargement 
barely indicated in outer part of bent-over portion, 
but minute or absent alongside the weak, dorsal outer 
groove. Dorsal margin distal to carpal cavity with 
outer edge raised and thickened, with its top weakly 
tuberculate; inner edge indistinct; intervening sur
face unusually narrow, smooth except for a few small 
pits and for weak, non-tuberculate, obliquely trans
verse rugosities directed intero-distally. Ventral mar
gin a rudimentary keel, marked only proximally by 
small tubercles and dying out before pollex base. 
Ventral, outer groove rudimentary, indicated only 
along proximal tubercles. 

Palm without tubercles on lower triangle; instead, 
its proximal portion is slightly lumpy, with minute 
pits; median area with small, shallow furrows, chiefly 
longitudinal. Distal half of oblique ridge low, blunt, 
tubercles small to practically absent; apex abruptly 
high with large tubercles; smaller tubercles continu
ing irregularly upward as far as the slight distal ex
tension of carpal cavity. Center palm with small 
tubercles that merge proximally with large ones 
around carpal cavity; palm proximal to gape with 
small pits. Carpal cavity with ventral margin low, 
forming only a broad angle where the two surfaces 
meet; distal part of cavity sloping moderately, its 
upper region, although without a distal extension, not 
separated from predactyl area by a downward con-
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tinuation of its dorsal margin or other tubercles, but 
only by the flat, higher plane of predactyl region. 
Latter spacious, without a depression, smooth except 
for slight pitting, not set off from center palm. 

PoUex and dactyl: Pollex unusual in shape, its up
per margin proximally concave and, in distal third, 
a large triangular tooth, its distal slope, ending at 
pollex tip, concave, and both edges serrate; lower 
margin of pollex slightly sinuous. Gape in proximal 
third slightly wider than adjacent part of pollex but 
narrow more distally because of tooth. Inner side of 
pollex with depression from pollex base continued 
beyond middle. Inner side of dactyl also with a faint, 
median concavity. Attachment of dactyl to manus 
slightly oblique. Dactyl with outer, proximal, sub
dorsal groove absent; dorsal and subdorsal tubercles 
also absent. Both pollex and dactyl wholly smooth 
on outer and inner surfaces. Inner marginal row of 
gape tubercles on pollex practically or wholly lack
ing; tubercles of outer marginal rows very small, 
forming proximal edge of triangular tooth by swerv
ing medially; median row absent proximally but ap
parently giving rise to crest of triangular tooth and 
to the tubercles along its distal concave edge. Pollex 
tip simple. Dactyl with inner marginal row practical
ly lacking; tubercles of external marginal row minute; 
median row complete with a few enlarged tubercles 
proximally. Gape pile present or absent. 

Minor Cheliped. As in crenulata. 

Ambulatories. 2nd and 3rd meri moderately wide, 
their dorsal margins slightly convex. No anterior 
modifications of 1st ambulatory. 

Gonopod. Flanges narrow, but distinct; pore small, 
subterminal. Inner process narrow, tapering, blunt. 
Thumb vestigial, represented by an oblique shelf far 
below base of flange. 

FEMALE 

Manus of cheliped not especially broad and thick; 
some pile present on ambulatories, at least in a small, 
dorso-distal patch on posterior side of 1st and 2nd 
carpus. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male (holotoype) 
Canal Zone 4.8 7.6 11.8 8.2 

Moderate male (paratype) 
Canal Zone 4.5 7.0 11.0 7.5 

Large ovigerous female 
(paratype) Costa Rica 4.1 6.5 - -

Moderate ovigerous female 
(paratype) Costa Rica 3.5 5.0 - -

Morphological Comparison and Comment 

The male's slender major pollex combined with its 
predistal protuberance is the most obvious, single 
diagnostic character for batuenta, setting it off con
veniently from the superficially similar saltitanta, as 
well as from related species with a protuberance also, 
but with the pollex broad; as usual this distinction 
must be used with care because it can be ambiguous 
in leptochelous individuals. The young of batuenta 
are closely similar to adults of tenuipedis; young 
males of batuenta may be distinguished at once by 
the presence of an oblique ridge inside major palm, 
even when the chela is still so short that it resembles 
that of the other species; the greater width of the 
ambulatory meri of batuenta is the other major spe
cific character readily discernible in the young. 

A comparison of all the members, including batu
enta, of the superspecies crenulata and their allies 
will be found on p. 217. 

Color 

Displaying males: Display whitening only partly de
veloped. Carapace pale brown or yellowish, speckled 
and marbled variably with white. Major cheliped 
with merus and carpus, both outer and inner sur
faces, pinkish brown; outer manus and palm, bluish 
white; chela polished white. Buccal and pterygos-
tomian regions about like dorsal part of carapace. 
Ambulatories with meri anteriorly pinkish brown; 
rest of ambulatories and entire minor cheliped 
brown, speckled and banded with white. Eyestalks 
sometimes green. Females similar to males. 

S O C I A L B E H A V I O R 

Waving Display 

Wave lateral; irregularly circular at least at high in
tensity; a brief pause at highest point reached by the 
chela. The irregularity of the circular motion occurs 
because the claw is brought down to a flexed position 
in front of the starting point; from here it usually re
turns to rest position in front of the buccal area 
through a series of bouncing motions, consisting of 
about 3 to 7 vibrations; some of these may hit the 
ground and so qualify as major-manus-drums, but 
the majority, as shown clearly in film analyses, do 
not touch the substrate at all; often the vibrations 
start in mid-air, before the cheliped is more than half 
lowered, so that they could be labeled minute jerks 
if their imminent development into drumming mo
tions were not understood. True jerks, as the word is 
used in this contribution (p. 496), are altogether ab
sent from the display. Major chela opens and closes 
during each wave. Minor cheliped sketches in a syn-
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chronous motion, without vibration, only occasion
ally. Body raised and lowered during each wave. 
Ambulatories remain on ground. The crab often 
moves a few steps while the cheliped is raised. The 
entire display, including drumming motions, lasts 
about a second. (Component nos. 5, 9, 10; timing 
elements in Table 19, p. 656.) 

Acoustic Behavior 

It seems likely, because of its incorporation into wav
ing display and its partial or complete ritualization 
into visually conspicuous motion, that the major-
manus-drumming behavior described above is not in 
this species an acoustic component (no. 9 ) ; observa
tions and films so far obtained are inadequate bases 
for a decision, and no recordings of any of the com
ponents have been attempted. The other acoustic 
components observed, all detected in film analyses, 
are minor-merus-rubs, leg-wagging, and major-
merus-drums (component nos. 2, 5, 7) . Each oc
curred in agonistic situations, closely associated with 
waving display. 

This species is one of several Celuca in which dis
placement-cleaning of the major cheliped by the mi
nor is often prevalent during display. Film analysis 
has raised the suspicion that stridulation will prove 
to take place during these motions, but the stroking 
of the claw by the minor chela occurs in so many 
areas, reached by a variety of routes, that the desig
nation of any of the motions as a component would 
be premature (see general discussions of cleaning 
and of acoustic behavior, pp. 472 and 480). 

R A N G E 

Pacific coast of El Salvador to northern Peru. 

BlOTOPES 

Mud, among unshaded mangrove shoots; sometimes 

REFERENCES AND SYNONYMY 

Uca (Celuca) batuenta Crane, 1941 

Uca batuenta 

TYPE DESCRIPTION. Crane, 1941.1: 187; Text Figs. 
4n, 5, 8; PI. 6, Fig. 26. Costa Rica and Panama. 
(USNM !) 

Crane, 1957. Panama; Ecuador. Preliminary clas
sification of waving display. 

von Hagen, 1968.2: 411. Peru: Puerto Pizarro. 
Waving display resume. 

on open mud flats with mangroves nearby. (Biotope 
nos. 8, 11, 12.) 

SYMPATRIC ASSOCIATES 

In rich habitats batuenta is sometimes found within 
inches of any of three species closely related to it, 
saltitanta, oerstedi, and inaequalis, usually along 
with a prodigal quantity of other Uca, as is charac
teristic of good habitats in the tropical eastern 
Pacific. 

M A T E R I A L R E S U L T I N G F R O M F I E L D W O R K 

(The complete list of specimens examined is given 
in Appendix A, p. 609.) 

Observations and Collections. Costa Rica: Punta-
renas; Ballenas Bay. Panama: near Old Panama. 
Canal Zone: Balboa. Colombia: Buenaventura (spec
imens sent from here to Trinidad crabbery, where 
observations were made but specimens not secured 
for preservation). Ecuador: Puerto Bolivar: observed 
but not collected. 

Films. Near Old Panama. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca batuenta Crane, 1941 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137405 (formerly New York Zoological Society cat. 
no. 4121). Type-locality: La Boca, Balboa, Canal 
Zone. Measurements on p. 245. (!) 

Additional type material. Deposited in same institu
tion: paratypes, male and female, from the type-
locality, from Puntarenas, Costa Rica, and from Bal
lenas Bay, Costa Rica, cat. nos. 137406, 79399, 
137404 (formerly New York Zoological Society nos. 
4122, 381136, 381137). (!) 

Altevogt & Altevogt, 1967. E 1292. Film of wav
ing display. 

Uca saltitanta batuenta 

Bott, 1954: 178. El Salvador: Puerto el Triunfo. 
(Frankfurt !) 

Peters, 1955: 433; Text Fig. 4. El Salvador: 
Puerto el Triunfo. Waving display. 
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44 UCA {CELUCA) SALTITANTA CRANE, 1941 

(Tropical eastern Pacific) 

PLATE 33 A-D. MAP 15. 
FIGURES 39 / ; 46 O; 70 B; 81 M; 93; 101. TABLES 9, 10, 12, 19, 20. 

INTRODUCTION 

A strikingly small species, U. saltitanta shows in sev
eral particulars the highest degree of development in 
its general group. This group comprises both the 
members of its tropical eastern Pacific alliance and 
of the superspecies crenulata. The outstanding spe
cializations of saltitanta include its strongly semi-
cylindrical carapace, which doubtless assists in mois
ture conservation during long periods of vigorous 
display on dark mudflats in blazing sunshine; a 
uniquely shaped pollex, yet to be observed during 
combat; the highest degree of display whitening; the 
fastest single waves in the group and among the fast
est in the genus; and the greatest number of waves 
in unbroken series of any species of Uca. 

M O R P H O L O G Y 

Diagnosis 

Size very small. Front moderately broad; eyebrow 
less than half width of eyestalk; antero-lateral angles 
acute and slightly produced. Suborbital crenellations 
obsolescent, except externally where there is a strong 
series including, in male, a large, isolated tooth on 
orbit's outer margin. Major pollex at base broad, 
merging with manus dorsally in a straight line con
tinuous with its prehensile edge; chela usually with 
two large, triangular teeth on dactyl but never with 
a large projection in distal half of pollex. Minor 
cheliped with palm broad and thick, especially in fe
male. Gonopod with thumb represented by a shelf. 
Segments of male abdomen incompletely fused. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 4 to 5 
times in that of carapace. Orbits almost straight. 
Antero-lateral angles ranging from the usual rec
tangular to broadly acute and slightly produced. 
Antero-lateral margins concave and strongly diverg
ing. Vertical lateral margin complete but weak. Cara

pace profile practically semi-cylindrical, the grooves 
scarcely marked, but hepatic and branchial areas not 
specially expanded above rest of carapace. Eyebrow 
shorter than usual and very narrow, less than one 
third diameter of adjacent part of depressed eyestalk. 
Suborbital margin with crenellations very small 
throughout except, near antero-external angle, for 
two broad tubercles, the outer being isolated. Lower 
side of antero-lateral angle with a short edge basally 
produced into a minute tubercle or spinule. 

Major Cheliped. Merus: Rugosities all very weak ex
cept on posterior convexity; sometimes almost absent 
even there. Postero-dorsal margin practically absent, 
being smooth and rounded even at base. Antero-
dorsal margin very strongly convex, more definitely 
a crest than in any other Celuca, edged throughout 
its length with a single row of minute serrations ex
cept at extreme distal end; here there is a small, deep 
cavity filled with pilous setae which project beyond 
it; similar setae in a patch on adjacent cuff. Anterior 
surface unarmed dorso-distally. Carpus: Practically 
smooth; anterior margin concealed in pile. 

Manus: Breadth almost or altogether equal to 
length; upper distal boundary, giving rise to dactyl, 
very oblique, leaving the dorsal margin unusually 
short while pollex base is relatively wide, giving rise 
to the characteristic, triangular pollex. Area of dorsal 
margin unusually unspecialized, except for its short
ness. Bending of outer, upper surface of manus 
slight, with little flattening near dorsal margin. Outer 
tubercles large for the subgenus over the entire lateral 
surface, largest in middle of side; near ventral margin 
they are abruptly minute, as well as adjacent to dor
sal margin and to cuff at base of dactyl. Dorsal outer 
groove absent. Dorsal margin distal to carpal cavity 
with both outer and inner edges indistinct, the nar
row intervening surface virtually smooth or slightly 
pitted. Cuff outside dactyl base oblique, chiefly 
smooth or slightly granulate, with clustered small 
tubercles ventro-distally replacing the row of tuber
cles that usually continues on subgape region of pol
lex. Area outside pollex base sometimes with a defi
nite, large, but very shallow depression, instead of 
the usual flattening; lower edge of area with a dis
tinct keel that continues distally along most of pollex 
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in its ventral half. Ventral margin with a row of 
minute tubercles throughout its length; proximally 
they are slightly elevated on a low keel, with a faint, 
ventral, outer groove alongside; keel and groove both 
absent more distally, the tubercles becoming increas
ingly weak and dying out on proximal part of pollex. 

Palm with lower triangle smooth except for a few 
small pits and, distally near oblique ridge, minute 
tubercles. Oblique ridge low to moderate, apex lower 
than middle of ridge; tubercles in distal half weak to 
almost absent, sometimes in multituberculate row; 
proximally always stopping short at apex. Center 
palm with a few scattered tubercles proximally and, 
sometimes, minute tubercles distally. Carpal cavity 
shallow, with ventral margin very short, low, thick, 
blunt; distal part of cavity sloping gradually into cen
ter palm; inner edge of proximal, dorsal margin not 
curving downward, the cavity having a distal exten
sion that is smooth, shallow, and narrow, almost 
reaching dactyl base. Surrounding predactyl area also 
smooth, not set off from center palm. Distal ridge at 
base of dactyl with tubercles obsolescent. 

Pollex and dactyl: Pollex notably triangular, being 
proximally both broad and thick; ventral margin al
most straight; dorsal margin with a large subdistal 
tooth, triangular or convex, its margins tuberculate. 
Dactyl unusually long, curving far down below pol
lex tip, its attachment to manus very oblique; ventral 
margin with two well-separated triangular teeth, the 
edges tuberculate and each apex tubercle somewhat 
enlarged. Gape much narrower than adjacent pollex. 
Outer carina on lower pollex traceable almost to pol
lex tip. Dactyl with outer, proximal subdorsal groove 
absent; proximal upper inner (not median) part of 
dorsal margin with an irregular row of minute tuber
cles, multituberculate proximally, traceable more 
than half length of dactyl. Dactyl distally with a faint 
internal groove in downcurving part of tip; the same 
region, on both inner and outer sides, covered with 
very minute tubercles and, sometimes, pits, the 
roughening usually extending farther dorsally on in
ner side than outer. Pollex and dactyl otherwise lat
erally smooth. Gape with all three rows of tubercles 
well developed on pollex, except that outer row ends 
abruptly farther from tip than usual and that inner 
row is sometimes obsolescent in middle; outer (not 
inner) row and middle row widely separated in pol
lex' proximal half; dactyl with inner row missing but 
median and outer rows complete; triangular teeth 
described above in both pollex and dactyl arising en
tirely from middle rows. Pollex tip simple. Gape pile 
absent. 

Minor Cheliped. Manus deep. Pollex and dactyl 
shorter or scarcely longer than manus. Gape very 
narrow, absent in middle where the strong, uneven 
teeth of prehensile edges articulate. 

Ambulatories. 2nd and 3rd meri moderately slender, 
their dorsal margins slightly convex. No anterior 
modification of 1st ambulatory. Pile as in female, 
but less persistent, more variable, or both. 

Gonopod. Flanges distinct, the inner slightly pro
duced; pore subterminal. Inner process narrow, 
tapering. Thumb vestigial, represented by a shelf-like 
projection, arising far below base of flange. 

Abdomen. 3rd to 6th abdominal segments incom
pletely fused. 

FEMALE 

Suborbital armature weaker than in male and 
manus of cheliped broader and thicker than in male's 
minor cheliped, and with the serrations in its gape 
larger. Ambulatory pile, as in batuenta, in a small 
patch on dorso-distal part of posterior surface of 
carpus and on dorsal and proximal part of manus, 
at least on 1st and 2nd legs; most persistent on 2nd. 

Measurements (in mm) 

Length 

(All from Balboa, Canal Zone) 
Largest male (holotoype) 6.0 
Large male 5.5 
Largest female 5.3 
Ovigerous female 4.6 

Breadth 

8.8 
7.0 
6.8 
6.5 

Propodus 

12.2 
12.0 
-
-

Dactyl 

10.4 
10.0 
-
-

Morphological Comparison and Comment 

The strikingly triangular form of the major pollex, 
combined with the strongly oblique upper distal mar
gin of the manus, make the appearance of saltitanta's 
cheliped unique in the genus; the two widely separate 
enlarged teeth on the dactyl are almost always well 
enough developed to be a convenient diagnostic aid. 

A comparison of all the members, including salti-
tanta, of the superspecies crenulata and their allies 
will be found on p. 217. 

Color 

Displaying males: During peak periods, polished dis
play whitening completely envelops most individuals, 
although occasionally the carapace remains grayish 
or yellowish, or the white is sparsely marked with 
brown. Females dark. 

S O C I A L B E H A V I O R 

Waving Display 

Wave lateral, either straight or with a slightly irregu
lar circularity that is less than in batuenta, the cheli
ped on return to the ground being closer to the buc-
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cal area from which it started; the shape of the 
waves in both species and the inclusion of drumming 
motions at the end of each wave are otherwise simi
lar. Unlike batuentcCs wave, however, saltitanta's 
shows no pause at the peak. No films that have yet 
been secured show clearly whether or not the drum
ming motions actually touch the ground or whether, 
as in batuenta, they are largely or wholly vibrations 
in the air; again, tape recordings have not been made. 
In the field 3 or 4 vibrations were counted after each 
wave. Jerks absent. With every wave, the major chela 
opens and shuts, the minor cheliped unflexes part
way and flexes again, the body is raised and lowered, 
and the ambulatories are kept on the ground, except 
in making the several steps to one side or the other 
that often accompany a wave. After an instant's 
pause in rest position, the display is repeated. At 
moderate, territorial intensity the rate is less than 
half a second per wave, and upwards of 100 waves 
occur in a single series. (Component nos. 4, 5 with 
irregularity, 9, 10; timing elements in Table 19, p. 
656.) 

Whenever a small eminence exists even as much 
as several inches from the burrow, the male climbs 
to its summit and displays only from this position 
except in the last stages of courtship. (No observa
tions that include male intruders have yet been 
made.) 

Precopulatory Behavior 

At the approach of a wandering female the male's 
display becomes even faster before he races down his 
small hill and resumes display after bracing the legs 
of his minor side inside the burrow mouth. Usually 
the female circles him at a distance of several inches. 
Just before he descends he stretches the ambulatories 
of his major side straight out, clear of the ground, 
the distal segments rigid as the meri vibrate in ap
parent contact. Almost certainly they are stridulat-
ing and both position and motion are identical with 
those typical of unreceptive females throughout the 
genus. The crab remains in this position for a second 
or less, then suddenly descends into the burrow. The 
female has been seen to follow a number of times. 
This is the only example I know from personal ex
perience where leg-wagging assuredly is used in a 
non-ambivalent, courtship situation (cf. Salmon, 
1967, quoted in the present study on pp. 194 and 
195, who recorded leg-wagging in (Minuca) rapax 
and pugnax). 

Acoustic Behavior 

In addition to its use in high-intensity courtship, leg-
wagging (component no. 5) has been seen and photo

graphed during mildly agonistic situations between 
neighboring males. As also described, major-manus-
drumming (9) may or may not be acoustically func
tional. 

RANGE 

Pacific coast of El Salvador to Buenaventura, Co
lombia. 

BlOTOPES 

U. saltitanta occurs in greatest numbers on open flats 
formed of deep and sticky mud near river mouths; 
fringing mangroves usually grow within about a hun
dred meters of the populations, although in very rich 
areas the species both feeds and displays even farther 
out. A few individuals sometimes live among pioneer 
mangrove shoots, but never in even partial shade. 
(Biotope no. 8.) 

SYMPATRIC ASSOCIATES 

When this small fiddler occurs among these pioneer 
shoots it sometimes mingles with batuenta, a species 
closely related and even smaller. The only usual as
sociate of saltitanta, however, is (Uca) ornata, the 
giant fiddler that contrasts with it in practically every 
particular. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 609.) 

Observations and Collections. Costa Rica: Punta-
renas; Panama and Canal Zone: near Old Panama, 
Balboa; Colombia: Buenaventura; material sent from 
there examined and then observed in Trinidad crab
bery but not secured and preserved. 

Films. Old Panama. 

T Y P E MATERIAL AND NOMENCLATURE 

Uca saltitanta Crane, 1941 
HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137407 (formerly New York Zoological Society cat. 
no. 4123). Type-locality: La Boca, Balboa, Canal 
Zone. Measurements on p. 248. (!) 

Additional type material. In same institution: para-
type males and females from type-locality (cat. nos. 
79403 and 137408, both formerly New York Zoo
logical Society cat. no. 4124). (!) 
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REFERENCES AND SYNONYMY 

Uca (Celuca) saltitanta Crane, 1941 

Uca saltitanta 
TYPE DESCRIPTION. Crane, 1941.1: 189; Text Figs. 
4o, 5; PI. 2, Figs. 10, 11; PL 3, Fig. 14; PL 6, Fig. 
25. Costa Rica and Canal Zone. Color; waving dis
play; habitat. (USNM !) 

? Peters, 1955. Illus. El Salvador: Puerto el Tri
unfo. Morphology; waving display; ecology. 

Crane, 1957. Panama. Preliminary classification 
of waving display. 

Uca saltitanta saltitanta 
Bott, 1954: 177; Text Fig. 22; PL 19, Figs. 21a, b. 

El Salvador: Puerto el Triunfo. Taxonomy. (Frank
furt !) 
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45. UCA (CELUCA) OERSTEDI RATHBUN, 1904 

(Tropical eastern Pacific) 

PLATE 33 E-H. MAP 15. 
FIGURES 70 / ; 93; 101. TABLES 9, 10, 12, 19, 20. 

INTRODUCTION 

Small, waving fiddlers showing greenish blue when 
seen from the front should turn out to be Uca oer-
stedi. At high intensity the display of this species 
includes a component apparently unique in the 
genus, the vibration of the first ambulatories; their 
meri appear to human eyes to be particularly vivid, 
approaching peacock blue. This exhibit of intense 
hue through a motion of display makes a good ex
ample of the untouched opportunities for experimen
tal work on the possible functions of color in social 
behavior. 

This species is the third member of the local alli
ance. 

M O R P H O L O G Y 

Diagnosis 

Front moderately broad; antero-lateral margins long, 
strongly diverging and posteriorly angled; eyebrow 
less than half width of eyestalk. Carapace in male 
unusually areolate, with paired patches of pile, all 
easily abraded, on gastric, cardiac, and branchial re
gions; each branchial region divided by a longitudi
nal furrow along outer boundary of pile. Major pol-
lex with a median projection, long and low, on 
prehensile edge and a long, low, supraventral keel. 
Ambulatories in both sexes without pile on postero-
dorsal surfaces of carpi and mani. Gonopod with 
thumb represented by a shelf; pore with a projection 
on internal (anterior) lip. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 5 to 6 
times in that of carapace. Orbits almost straight. 
Antero-lateral margins long, straight, divergent, 
angling sharply into dorso-lateral margins. Each 
member of the single pair of short, postero-lateral 
striae is strong and curves inward to parallel the 
posterior margin of carapace, close behind end of 
dorso-lateral margin. Grooves between carapace re

gions deep for this subgenus, especially outside gas
tric and cardiac regions, where they are continuous 
with postorbital furrow. Inner half of each branchial 
region depressed, covered with pile, bounded exter
nally by a longitudinal groove, better developed than 
in the several related species in which it is usually 
traceable; pile also sometimes present on each side 
of gastric and cardiac regions, giving 4 additional 
patches; all pile is easily abraded. Breadth of eyebrow 
more than half diameter of adjacent part of de
pressed eyestalk. Suborbital margin almost straight, 
with crenellations represented internally by minute 
irregularities; proceeding outwards these increase 
very slightly in size; near antero-external angle are 
3 to 6 true crenellations, still small, usually truncate 
and usually separated; they extend little or not at all 
around outer orbital margin. Lower side of antero
lateral angle blunt. 

Major Cheliped. Merus: Antero-dorsal margin prox-
imally a low ridge, straight and unarmed, flaring only 
in subdistal part of distal third into a short, low, con
vex, serrate crest. Carpus: Oblique ridge of inner sur
face with several proximal tubercles. 

Manus: Bending of outer, upper surface moderate, 
flattening near dorsal margin slight. Outer tubercles 
large for the subgenus except near heel and ventral 
margin, where they are somewhat smaller; tubercles 
near dorsal margin of similar size to those below, 
but a few are usually raised on irregular, low rugosi
ties. Dorsal outer groove strong, but present only as 
far as level of distal edge of carpal cavity. Dorsal 
margin above groove high, erect, its outer side with 
small tubercles; distal to groove and carpal cavity 
both outer and inner edges of dorsal margin indis
tinct; intervening surface convex, sometimes forming 
a blunt ridge, always smooth except for a few tuber
cles or rugosities. Area outside pollex base with a 
large, very shallow depression and with a low tuber-
culate keel along lower edge; keel traceable more 
proximally as a row of small tubercles and continued 
distally, but with tubercles minute or absent, along 
most of pollex, close to lower margin (mentioned 
under pollex below, as the supraventral keel). Ven
tral margin of manus with'low tuberculate ridge, 
proximally slightly enlarged and serrate, the tubercles 
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dying out at pollex base. Ventral, outer groove pres
ent proximally only. 

Palm with lower triangle smooth except for slight 
pitting proximally and extremely minute tubercles 
distally. Oblique ridge moderate, the apex higher 
with its tubercles abruptly larger; small tubercles con
tinue upward around carpal cavity, the row being 
almost regular or slightly multituberculate, as far as 
predactyl area. Carpal cavity with ventral margin 
very low, broad, blunt; distal part of cavity sloping 
moderately; inner edge of proximal dorsal margin 
not curving downward, the cavity having a shallow, 
short, broad, distal extension that slopes gradually 
into the smooth surface, flat or convex, of the short 
predactyl area. 

Pollex and dactyl: Upper margin of pollex with a 
tuberculate convexity, or a bluntly triangular tuber-
culate tooth, near middle. Dactyl unusually long, 
curving distally far down below tip of pollex. Gape 
much narrower than adjacent pollex. Pollex exter
nally with a low, broad, supraventral keel continuing 
its entire length, less outstanding than in Rathbun's 
(1918.1, PI. 152) photograph of the large holotype. 
Dactyl with a faint, external concavity, wide proxi
mally and diminishing distally to end about middle 
of segment; outer, proximal subdorsal groove only 
faintly indicated but sometimes traceable almost half 
length of dactyl, bounded above by a row of widely 
spaced small tubercles and, below it proximally, by 
a few more. Outer and inner surfaces of both pollex 
and dactyl entirely smooth. The usual three rows of 
gape tubercles all present in both pollex and dactyl, 
all the marginal rows ending well before tip; tubercles 
edging convexity of pollex in gape arising completely 
from median row. In addition to convexity of pollex, 
a few tubercles are sometimes enlarged proximally in 
dactyl and a single tubercle about middle of dactyl 
appears to occur regularly. Pollex tip simple. Gape 
pile plentiful. 

Minor Cheliped. Gape at base narrower than width 
of pollex, decreasing distally. Middle section with a 
few, long, strong teeth almost in contact. 

Ambulatories. 2nd and 3rd meri unusually broad for 
a Celuca, their dorsal margins moderately convex. 
No anterior modification of 1st ambulatory. 

Gonopod. Flanges vestigial; pore large, its internal 
(anterior) lip lower than the external, with a projec
tion. Inner process small, short, flat, not reaching 
pore. Thumb represented by an oblique shelf far 
proximal to the corneous base of the specialized tip. 

FEMALE 

Carapace finely granulate, including sides behind 
vertical lateral margin; the only smooth portions are 
the cardiac and intestinal regions and the area near 

posterior margin. Pile characteristic of male carapace 
usually rudimentary or absent. Suborbital armature 
not stronger than in male. 

Measurements (in mm) 

Length Breadth Pwpodus Dactyl 

(All specimens from Old Panama) 
Largest male 8.0 11.8 16.5 8.0 
Moderate male 7.0 10.2 12.2 8.5 
Largest female (ovigerous) 7.0 10.0 - -

Morphological Comparison and Comment 

A variable amount of pile is present near center of 
carapace, usually in two large patches, in all speci
mens in this collection. The larger male paratype 
examined at the Smithsonian Institution, however, 
has no pile, and Rathbun mentions none in her de
scription. In her diagnosis (1918.1: 414) she in
cludes "oblique and distal ridges on inner side of 
palm meeting." When this area is examined from the 
point of view of our currently more extensive knowl
edge of palm armature in Celuca, the statement can 
be misleading, since the oblique ridge, although con
tinued well up around the carpal cavity, actually 
merges to a variable degree with a group of predistal 
tubercles in this narrow region, and they, in turn, are 
quite distinct from the well-formed, unexceptional, 
proximal, predistal ridge. 

The most convenient single character distinguish
ing oerstedi promptly from other Celuca in the east
ern Pacific is the strong divergence of the long, 
straight, antero-lateral margins which posteriorly are 
sharply angled. A comparison of all the members, 
including oerstedi, of the superspecies crenulata and 
their allies will be found on p. 217. 

Color 

Displaying males: No display whitening. Carapace, 
3rd maxillipeds, dorsal and posterior surfaces of all 
segments of both chelipeds except distally, and all 
segments of ambulatories posteriorly are usually dull 
purple or dull purplish blue. Lower outer manus of 
major cheliped white; dactyls of both chelipeds white, 
inside and out. All remaining inner surfaces of cheli
peds, the pterygostomian areas, subhepatic regions, 
and the anterior surfaces of the ambulatories are 
turquoise blue, with the meri, especially of the 1st 
legs, more intensely colored than the other segments. 

SOCIAL BEHAVIOR 

Waving Display 

Wave lateral, straight to circular, raised upward com
paratively little. Jerks absent, although the major 



U. (CELUCA) OERSTEDI 253 

cheliped is returned to rest position more rapidly than 
it is unflexed, giving the superficial effect of a single 
jerk. Minor cheliped synchronously unflexed and 
flexed, sometimes vibrated, perhaps stridulating. 
Body usually raised and lowered with each wave but 
sometimes held in that position throughout the waves 
of a single series. During waving the ambulatories 
remain on the ground except during the usual steps 
to one side or the other of the burrow, or around it, 
chiefly during display of moderate intensity. At high 
intensity the 1st ambulatories vibrate in the midst of 
each wave, when both chelipeds unflex maximally, 
thus exposing fully the intense green blue of the 
quivering meri. The social conditions eliciting this 
behavior remain unknown. The wave is rather slow 
for the group, requiring more than a second for com
pletion; there is a short pause between waves within 
a series. (Component nos. 4, 5, 9, 11, plus the unique 
ambulatory vibration described; timing elements in 
Table 19, p. 656.) 

Acoustic Behavior 

The observed and filmed examples consist with cer
tainty only of leg-wags (component no. 5) and major-
merus-drums (7). One short scene shows good, but 
not conclusive, evidence of a palm-leg rub (4). 

RANGE 

Gulf of Fonseca, El Salvador, to Panama City, R.P. 

BlOTOPES 

Beaches of sandy mud, close to the open water of 
large bays, but always with some protection from the 

REFERENCES 

Uca (Celuca) oerstedi Rathbun, 1904 

Uca oerstedi 
TYPE DESCRIPTION. Rathbun, 1904: 161. Costa Rica: 
Punta Arenas, (part = USNM !) 

Rathbun, 1918.1: 414; PI. 152, Figs. 1, 2. Tax
onomy of type material. 

sea such as a small stand of mangroves close to low 
tide levels or a nearby jetty. Also found on the edge 
of mud flats near mouths of streams, close to man
groves and often among their shoots. (Biotope nos. 
6, 12.) 

SYMPATRIC ASSOCIATES 

The closely related species, batuenta, sometimes oc
curs among mangrove shoots with oerstedi, but the 
latter usually lives closer to open water as described, 
where it often occurs with two other Celuca, beebei 
and deichmanni, as well as with heteropleura of the 
subgenus Uca. 

MATERIAL RESULTING FROM F I E L D WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 609.) 

Observations and Collections. Panama: Old Panama. 
Canal Zone: La Boca, Balboa. 

Films. Old Panama. 

T Y P E MATERIAL AND NOMENCLATURE 

Uca oerstedi Rathbun, 1904 
HOLOTYPE. In Universitetets Zoologiske Museum, 
Copenhagen. Male. Measurements in mm: length 12; 
breadth 16.8 (Rathbun). Type-locality: Punta Are
nas ( = Puntarenas?) Costa Rica. 

Additional type material. Female in Copenhagen. 
Male paratype (cat. no. 31506) in Smithsonian In
stitution, National Museum of Natural History, 
Washington. Length in mm: 11; propodus broken. 
(!) 

Crane, 1941.1: 184; Text Figs. 2, 3, 4k. Panama 
and Canal Zone. Taxonomy; color; waving display; 
habitat. (USNM !) 

Bott, 1954: 178; Text Fig. 18; PI. 19, Fig. 23a, b. 
El Salvador: Puerto el Triunfo. Taxonomy. 

Crane, 1957. Panama. Preliminary classification of 
waving display. 
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46. UCA (CELUCA) INAEQUALIS RATHBUN, 1935 

(Tropical eastern Pacific) 

PLATE 34 A-D. MAP 15. 
FIGURES 26 G; 31 F; 70 K; 101. TABLES 9, 10, 12, 14, 20. 

I N T R O D U C T I O N 

U. inaequalis, the fourth of the species in the local 
alliance, is small and largely brown, the distinguish
ing tufts of pile on the carapace often hidden in life 
by clinging mud. 

According to present knowledge, inaequalis ap
pears more prone to combat than its close relations; 
before encounters and between rounds the opponents 
sometimes wave in alternation, in a fashion similar to 
that of lactea perplexa in New Guinea and Fiji; at 
these times palm-leg rubbing is also prevalent, 
inaequalis being provided with armature that is mod
erately well developed but not as striking as in 
musica. 

For a long time I believed that inaequalis uses 
typical major-manus-drumming (formerly called 
"rapping") as a characteristic end to many high in
tensity waves, just as does, for example, the Atlantic 
species, cumulanta. Film analysis has now shown that 
there is probably no touching of the substrate what
ever, just as there is little or none in batuenta and 
saltitanta. Instead, inaequalis definitely vibrates the 
major merus against the outer suborbital part of the 
carapace, a motion which apparently does not occur 
as part of waving display in either batuenta or salti
tanta. The motions in all four species, superficially 
similar to the human eye, are of such special evolu
tionary interest that they would repay detailed com
parison. 

M O R P H O L O G Y 

Diagnosis 

Front moderately broad; male carapace with 8 con
spicuous pilous elevations across carapace, plus other 
lower similar structures; all present but weaker in 
female. 1st ambulatory on major side with a short 
row of small tubercles on both carpus and distal 
merus. Major cheliped with pollex proximally very 
broad with a predistal, triangular, tuberculate tooth; 
no distinct, pilous depression outside pollex base. 
Gonopod with a conspicuous projection on edge of 
its large, terminal pore; thumb represented by an 
oblique shelf. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 3.5 times 
in that of carapace. Orbits moderately oblique. 
Antero-lateral margins straight or slightly concave, 
their direction almost straight, but varying from 
slightly concave to slightly convex, angling into the 
dorso-lateral margins either bluntly or sharply. Cara
pace with 12 or more small elevations covered with 
pile, the latter easily detached and often partly or 
wholly missing in preserved specimens. Frontal mar
gin weak. Eyebrow breadth half or less than half 
diameter of adjacent part of depressed eyestalk. Sub
orbital margin entire, except, starting at antero-exter-
nal angle, for one or more enlarged crenellations or 
tubercles; their size, shape and number are variable; 
sometimes there is a single broad-based sharp tuber
cle, sometimes several wide crenellations that extend 
partway around outer orbital margin. Lower side of 
antero-lateral angle blunt. 

Major Cheliped. Merus: Postero-dorsal margin 
smooth and practically absent; posterior convexity, 
however, strongly developed. Antero-dorsal margin 
strongly convex throughout, although most arched in 
distal third; edge a distinct low crest, proximally un
armed, distally serrate. Carpus: Oblique ridge of in
ner surface with or without granules. 

Manus: Bending of outer, upper surface slight, 
with slight flattening beside dorsal margin. Outer 
tubercles extremely minute except for slight enlarge
ment and traces of rugosities near dorsal margin; 
tubercles smallest near ventral margin. Dorsal outer 
groove present. Dorsal margin distal to carpal cavity 
with both outer and inner edges distinct and tubercu
late; intervening surface flattened, tilted toward the 
palm, almost smooth except for a few distal pits and 
tubercles or sometimes rugosities directed intero-
distally. Lower edge of flattened area outside pollex 
base with traces, usually faint, of a broad, blunt, 
supraventral keel that continues distally along lower 
part of pollex; individual variation, as in oerstedi, is 
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considerable. Ventral margin with a row of small, 
similar tubercles dying out on pollex, midway/to tip. 
Ventral, outer groove absent. 

Palm with lower triangle covered by moderate 
tubercles, largest proximally. Oblique ridge low, the 
apex little or not at all higher than median portion; 
tubercles small and similar throughout including dis-
tally, but stopping on or before apex. Center palm 
with a broad band of small tubercles proximally. 
Carpal cavity shallow, with both ventral and distal 
margins broad, blunt, and indistinct. Beaded edge of 
proximal dorsal margin slanting slightly downward 
to bound on its dorsal side the distal extension of 
cavity; extension is shallow, broad, pointed, and al
most reaches dactyl base, the small predactyl area 
being convex and smooth, not set off from center 
palm. Ridges at base of dactyl both reduced, the 
proximal with only several ventral tubercles and the 
distal with none; groove between ridges scarcely indi
cated. 

Pollex and dactyl: Pollex broad; tip curving up
ward; dactyl not much longer than manus; its attach
ment to manus very oblique. Gape narrow, more so 
even than width of dactyl. Pollex externally with 
variable traces of a supraventral keel, as stated 
above, in description of manus. Inner surfaces of 
pollex and dactyl slightly concave throughout. Up
per part of dactyl proximally very thick, flattened, a 
narrow groove on external side of inner part of dor
sal margin (representing the usual outer, proximal, 
subdorsal groove); groove flanked internally by a 
row of minute tubercles dying out beyond groove 
toward middle of dactyl; extremely minute tubercles 
also present in vicinity of groove. Pollex and dactyl 
with outer and inner surfaces wholly smooth. Pollex 
with all three rows of gape tubercles well developed, 
but with inner row ending far short of tip; outer (not 
inner) and middle rows widely separated in proximal 
half on both pollex and dactyl. Dactyl with inner 
row represented only by a few proximal tubercles. 
Tuberculate triangular teeth in gape weak or absent, 
but one tubercle of middle row usually moderately 
enlarged toward middle of both pollex and dactyl, 
the enlargement on pollex sometimes tending toward 
the triangular tuberculate form characteristic of re
lated species. Pollex tip simple. Gape pile plentiful. 

Minor Cheliped. Manus and fingers slender. Gape at 
base narrower than width of pollex, decreasing dis-
tally. Serrations strong, even, in contact beyond 
middle. 

Ambulatories. 2nd and 3rd meri moderately broad, 
their dorsal margins slightly convex. 1st carpus on 
major side anteriorly with a row, sometimes irregu
lar, of 7 to 9 minute tubercles; in addition, the ad

jacent 1st merus sometimes has 3 or 4 granules 
antero-distally, forming an angle or curve. 

Gonopod. Flanges absent; pore very large, terminal, 
its internal (anterior) lip with a large projection ex
tending beyond rest of pore margin. Inner process 
reaching almost to pore margin; broad, fiat. Thumb 
represented by an oblique shelf far proximal to cor
neous part of specialized tip. 

FEMALE 

Carapace finely granulate, especially posteriorly 
and laterally, including sides behind vertical lateral 
margin. Suborbital armature about as in male. Pilous 
elevations less distinct than in male. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

(All specimens from Guayaquil) 
Largest male 6.2 10.0 13.5 9.2 
Moderate male 5.5 7.5 9.0 6.5 
Largest female (ovigerous) 7.0 9.0 - -
Moderate ovigerous 

female 5.5 7.2 

Note. Rathbun's (1935) type measurements: length 
8.0; breadth 11.2; (propodus 16.0; dactyl 11.0-
J.C.). Von Hagen's (1968.2) largest specimen: 
length 7.2; breadth 10.5. 

Morphological Comparison and Comment 

Although the dorsal patches of pile on the carapace 
are more persistent in this species than in most others 
where they are importantly diagnostic, they are still 
subject to abrasion. Nevertheless, even when pile is 
practically absent the 2 transverse rows of small ele
vations across the middle of the carapace are dis
tinctive, each consisting as it does of 4 similar 
mounds. These 8 are almost always larger than the 
4 or more additional elevations, with or without pile, 
which are also usual, especially, it seems, in more 
northern populations. No quantitative work on their 
size and occurrence has yet been undertaken. 

A comparison of all the members, including 
inaequalis, of the superspecies crenulata and their 
allies will be found on p. 217. 

Color 

Displaying males: Display whitening absent. Cara
pace dark brown marbled with white; buccal and 
pterygostomian regions brown. Major cheliped dark 
brown except as follows: upper surfaces of merus, 
carpus, manus, and base of pollex rufous (reddish 
orange brown); lower half of manus also rufous, 
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brighter than the other areas; distal half of dactyl and 
entire pollex white. Anterior sides of meri of at least 
1st and 2nd ambulatories sometimes purple to pur
plish red; ambulatories otherwise dark brown mar
bled with white, like carapace. Females dark. 

SOCIAL B E H A V I O R 

Waving Display 

Wave lateral, either straight or at high intensity ir
regularly circular, the cheliped then being brought 
to the ground in front of rest position and vibrated 
back toward the buccal area, as in batuenta and 
saltitanta. In the few examples where the activity can 
be clearly seen, all in films, the crab at these times 
is lifting the cheliped's merus against an adjacent 
part of the carapace, in a major-merus-suborbital 
component that is usually a drumming but sometimes 
a rubbing. The motion occurs frequently enough dur
ing the display of inaequalis to be considered an in
tegral part of it. In the clearest examples the back
ward tilting of the upper part of the major merus 
toward the carapace is distinct during the vibrations. 
A single series of these motions that end a wave 
number between 10 and 14—many more than have 
been counted in either batuenta or saltitanta. Jerks, 
actual or apparent, absent, although the cheliped is 
lowered very abruptly. Minor cheliped synchronous
ly unflexed and flexed. Body raised and lowered dur
ing each wave. Ambulatories remain on the ground 
except for the usual few steps. Wave slow, lasting 
more than a second, including vibrations, with at 
least an equal period between waves. (Component 
nos. 4, 5 with irregularity, 9, 10.) 

Acoustic Behavior 
The following motions have been observed and 
filmed. During moderate intensity waving display, as 
described above: major-merus-rubs (component no. 
1), major-merus-drums (7) , and, rarely and ques
tionably, major-manus-drums (9) . During agonistic 
encounters, including both threat and actual combat: 
minor-merus-rubs (2) , palm-leg-rubs (4) and leg-
wags (5) . 

Combat 

A. D. Blest of the University of London filmed an 
excellent sequence of a long and forceful combat in 
Panama that gives our only clear evidence of the 
occurrence of two elements of special interest in the 
combat of this species. First is the alternation of wav
ing by the opponents, mentioned in the Introduction 
to inaequalis. Second is an associated, alternating use 
of palm-leg-rubs. The filmed combat is heterochelous 
and mutual; it consists of several rounds, all ending 
forcefully with the push-off, fling, or actual upset of 

the same individual; as often happens in lactea 
combats in the South Pacific, the overthrown crab 
repeatedly returned for another round. Except for 
manus-rubs and one set of manus-taps or pushes 
(component no. 1), the actual combat components 
were too incomplete and irregular to isolate; potential 
interlaces (9) were incomplete and the eventual grips 
irregular or indistinct. In each of three rounds, how
ever, a type of forceful push-off, not observed before, 
was delivered when the actor unflexed his cheliped 
and struck his palm against the palm or outer manus 
of his opponent. Also included in this same combat 
were clear examples of tripping and of down-point
ing (agonistic component 2) , both noted also in the 
field, and both occurring before formal combat in the 
wholly unrelated tangeri, maracoani, and ornata. 

R A N G E 

Pacific coast of El Salvador to northern Peru. 

BlOTOPES 

Mud, often stony mud, often shaded by mangroves, 
the area sometimes separated from the lower part of 
a stream by fringing mangroves; rarely on unshaded, 
open mud flats. (Biotope nos. 9, 11, 12, 14.) 

S Y M P A T R I C A S S O C I A T E S 

Depending on the biotope, inaequalis is sometimes 
associated with one or another of the other members 
of the alliance—batuenta, beebei, or oerstedi. Not 
characteristically mingling with any particular species 
of the numerous Uca living in various combinations 
of the same habitats; perhaps most often found with 
beebei, although the optimum habitat of the latter 
species occurs in somewhat more saline localities. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 609.) 

Observations and Collections. Nicaragua: Corinto. 
Costa Rica: Puntarenas, Ballenas Bay, Golfito. Canal 
Zone: Balboa. Panama: near Old Panama. Ecuador: 
Puerto Bolivar. 

Films. Old Panama. 

T Y P E M A T E R I A L AND N O M E N C L A T U R E 

Uca inaequalis Rathbun, 1935 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
70833 (labeled " T Y P E " ) ; in same jar under same 
number are 6 additional males and 3 females. Type-
locality: Salada ( = El Salado), Guayaquil, Ecua
dor. (!) 



U. (CELUCA) INAEQUALIS 257 

REFERENCES 

Uca (Celuca) inaequalis Rathbun, 1935 

Uca inaequalis 

TYPE DESCRIPTION. Rathbun, 1935.1: 51. Ecuador: 
Guayaquil. (USNM !) 

Crane, 1941.1: 185; Text Fig. 4L, PL 2, Figs. 8, 
9; PL 3, Fig. 12. Nicaragua to Panama. Taxonomy; 
color; waving display; habitat. (USNM !) 

Bott, 1954: 176; Text Fig. 21; PL 18, Fig. 20a, b. 
El Salvador: Puerto el Triunfo. Taxonomy. 

Peters, 1955: 435; Text Figs. 4, 5. El Salvador: 
Puerto el Triunfo. Waving display. 

Crane, 1957. Panama, Ecuador. Preliminary clas
sification of waving display. 

von Hagen, 1968.2: 410; Text Fig. 4a. Peru: 
Puerto Pizarro. Taxonomy; color; waving display. 

Altevogt, 1970. Illus. Peru. Form and function of 
vibration signal. 
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47. UCA (CELUCA) TENUIPEDIS CRANE, 1941 

(Tropical eastern Pacific) 

PLATE 34 E-H. MAP 15. 

FIGURES 68 H; 101. TABLES 9, 10, 20. 

INTRODUCTION 

Notable for slender legs and small size, Uca tenui-
pedis was unknown in life until von Hagen (1968.2) 
found it in Peru. Now, thanks to his work on its wav
ing display, we have behavioral evidence that it 
should be considered a member of the group com
posed of crenulata and its allies, in accordance with 
its morphological characteristics of form and arma
ture. 

M O R P H O L O G Y 

Diagnosis 

Front moderately broad. Ambulatories unusually 
slender in both sexes; antero-lateral margins long, 
slightly diverging, posteriorly angled. Carapace with
out pile. No oblique ridge on major palm; pollex very 
broad at base. Gonopod with large flanges but thumb 
represented by an oblique shelf. 

Description 
With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained almost 4 times 
in that of carapace. Antero-lateral margins long, 
straight or slightly concave, slightly diverging, an
gling into dorso-lateral margins. A variable amount 
of pile present on lower, posterior sides of carapace. 
Frontal margin distally weak. Eyebrows narrow, 
about one-fourth diameter of adjacent part of de
pressed eyestalk. Suborbital margin with internal 
crenellations minute, those in outer half much larger, 
but variable; the most external, around anterior part 
of outer orbital margin, are very large and separated. 
Lower side of antero-lateral angle blunt. 

Major Cheliped. Merus: Postero-dorsal margin prac
tically absent, although area is rugose as usual and 
posterior convexity is strongly developed. Antero-
dorsal margin proximally a low ridge, straight and 
unarmed, flaring only in distal third into a low, con
vex crest which is irregularly tuberculate. Carpus: 
Apparently smooth except for pile, and apparently 
lacking tubercles on anterior margin. 

Manus: Wide, being only about one-fifth longer 
than broad. Bending of outer, upper surface slight, 
with slight flattening beside dorsal surface. Outer 
tubercles extremely minute except for slight enlarge
ment near dorsal margin; there they are in short, ir
regular rows, most of them vertical, some horizontal, 
forming a roughly reticulate pattern; the tubercles, 
unlike tuberculate striae, not set on ridges; interven
ing spaces smooth. Dorsal outer groove shallow, dy
ing out subdistally. Dorsal margin with outer edge 
above groove beaded, confluent with margin above 
carpal cavity only proximally, at extreme end; indis
tinct distal to groove; inner edge indistinct; interven
ing surface broad, flattened, covered with sharp, 
crowded tubercles midway in size between those of 
upper and lower side of manus. Lower edge of flat
tened area outside pollex base with a keel that con
tinues distally along most of pollex in its ventral half. 
Ventral margin with a row of large tubercles extend
ing its entire length; just before pollex base they be
come smaller and irregularly double, dying out about 
halfway to tip. Ventral, outer groove absent. 

Palm with lower triangle smooth to faintly reticu
lated in upper portion; tubercles wholly lacking. 
Oblique ridge, including apex, rudimentary, being 
low, broad, blunt, and reaching carpal cavity un
usually far below gape level, even when the great 
breadth of pollex is considered; tubercles lacking 
throughout. Center palm smooth except for a band 
of sparse, very minute tubercles in upper part ad
joining predactyl area; in largest specimen slight de
pressions give a reticulated aspect. Carpal cavity 
small and shallow, ventral margin very short, mod
erately broad; distal margin indistinct, the cavity 
merging with center palm. Edge of proximal dorsal 
margin turning slightly downward distally, but not 
bounding distal extension of carpal cavity; the exten
sion is short, proximally broad, distally pointed, and 
merges gradually with predactyl area. Predactyl area 
spacious, convex, and covered closely with small, 
sharp tubercles that continue unbroken from adjacent 
dorsal margin. 

Pollex and dactyl: Differ from inaequalis as fol
lows: Dorsal half of dactyl covered with sharp tuber
cles, except for a well developed, smooth, outer 
groove that extends about half length of dactyl. Gape 



U. (CELUCA) TENUIPEDIS 259 

with inner row of tubercles on pollex extending al
most to tip; median enlargement on pollex gape defi
nitely a tuberculate tooth, the margin distal to its 
apex being concave; no gape teeth clearly enlarged 
on dactyl. 

Minor CheUped. Gape very narrow. Strong serrations 
practically in contact. 

Ambulatories. All segments very slender. Dorsal 
margins even of 2nd and 3rd meri almost straight. 
3rd merus extending more than one-quarter of its 
length beyond antero-lateral angle when laid for
ward. No anterior modification of 1st ambulatory. 
Inconspicuous pile present or absent, then perhaps 
abraded, dorsally on carpus, particularly of 2nd and 
3rd legs. 

Gonopod. Tip very similar to those of uruguayensis 
and speciosa. Flanges large, the anterior the larger; 
pore subterminal, the flanges continuing beyond it, 
their common distal margin narrowly rounded. Inner 
process triangular with a broad base, overlying canal, 
the pointed tip almost reaching gonopore. Thumb 
absent, represented only by a few bristles arising 
from a shelf; the latter slants obliquely toward base 
of appendage, far below base of flange. 

FEMALE 

Ambulatories remarkably slender, including the 
meri, differing very slightly in this character from 
those of the male, and consequently forming a serv
iceable character for easily distinguishing females of 
the species. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male 
(von Hagen, Peru) 

Holotype male 
(Costa Rica) 

Largest female 
(Costa Rica) 

Largest female 
(von Hagen, Peru) 

Smallest ovigerous female 
(von Hagen, Peru) 

5.3 

5.0 

5.0 

5.0 

4.4 

7.1 

6.5 

6.6 

6.8 

5.7 

9.7 

8.1 

— 

-

-

Morphological Comparison and Comment 

The combination of a wide manus, short fingers, and 
absence of an oblique ridge on the palm gives a 
paedomorphic appearance to the major cheliped. In 
contrast to such species as pygmaea, however, the 
form of the carapace suggests no paedomorphism, 
while the slenderness of the legs is unusual in adults 
of any subgenus and is never in itself a juvenile 
character. 

A comparison of all the members, including tenui-
pedis, of the superspecies crenulata and their allies 
will be found on p. 217. 

Color 
(After von Hagen, 1968.2.) Display whitening ab
sent. Males and females similar. Carapace dull 
brown, marbled with gray. Eyestalks and minor 
chelipeds gray brown. Ambulatories somewhat light
er pale gray to light horn color, on the posterior side 
with dark gray or brown bands. Anterior side of 
major cheliped of males: palm brown above, gray 
white below. Dactyl brown above, pollex gray white. 

S O C I A L B E H A V I O R 

Waving Display 

(After von Hagen, 1968.2.) Wave apparently 
lateral-straight, with an irregular circularity occur
ring because the claw is brought down to a flexed 
position in front of starting point, as in batuenta. A 
very brief pause at highest point reached by chela. 
Claw brought down to a flexed position abruptly, 
thus making the first stroke of a major-manus-drum-
ming against the substrate; it is brought back into the 
original position through the series of bouncing mo
tions that compose the drumming, consisting of 1 to 
7 vibrations (usually 4 to 5) . During waving minor 
cheliped participates. Body raised and lowered dur
ing each wave. Ambulatories remain on ground. 
Duration of entire display, including drumming, 
about 0.5 to 0.75 second. (Component nos. 4, 5, 9, 
10.) 

R A N G E 

Costa Rica and Peru. 

BlOTOPE 

Mudbanks on shores of mangrove estuaries. (Bio-
tope no. 12.) 

TYPE MATERIAL AND NOMENCLATURE 

Uca tenuipedis Crane, 1941 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137409 (formerly New York Zoological Society cat. 
no. 381,143). Type-locality: Ballenas Bay, Costa 
Rica. Measurements on this page. (!) 

Additional Type Material. 9 male and 2 female para-
types from the type-locality in the same institution, 
cat. nos. 79404 and 137410 (formerly New York 
Zoological Society cat. no. 381144). (!) 
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REFERENCES 

Uca (Celuca) tenuipedis Crane, 1941 

Uca tenuipedis 

TYPE DESCRIPTION. Crane, 1941.1: 186; Text Fig. von Hagen, 1968.2: 410. Peru: Puerto Pizarro. 
4m; PI. 2, Fig. 7; PI. 3, Fig. 13. Costa Rica: Ballenas Taxonomy ( = measurements and key characters); 
Bay. (USNM !) color; waving display. 
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48 UCA {CELUCA) TOMENTOSA CRANE, 1941 

(Tropical eastern Pacific) 

PLATE 35 A-D. MAP 15. 
FIGURES 70 E; 101. TABLES 9, 10, 20. 

INTRODUCTION 

Uca tomentosa is one more small fiddler that seems 
clearly, if not closely, related to the superspecies 
crenulata. This one has no outstanding morphologi
cal peculiarities, is dull in color, and has confusingly 
various amounts of pile on its carapace. The unique 
male holotype of U. mertensi Bott, 1954, and the 
series from Peru referred to mertensi by von Hagen, 
1968.2, are examples of tomentosa. Von Hagen's 
field work has provided basic data on tomentosa's 
color and waving display. 

M O R P H O L O G Y 

Diagnosis 
Front moderately wide. Major pollex not unusually 
broad proximally and without a strong projection on 
prehensile edge. 1st ambulatory on major side with
out special armature on anterior surface; merus of 
each ambulatory, especially of 2nd and 3rd, broad. 
Carapace in both sexes with patches of pile, but pat
terns various, easily abraded. Gonopod with pore 
large and terminal, its edge somewhat uneven but 
with no trace of a projection; thumb well developed. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 5 times 
in that of carapace. Antero-lateral margins straight, 
scarcely convergent, angling bluntly into dorso-lateral 
margins. Dorsal surface of carapace with short pile 
on branchial regions in a reticulated pattern of vary
ing extent and partly covering also mesogastric, 
cardiac, and hepatic regions; one patch in holotype 
on branchial region immediately interior to the lon
gitudinal groove that, as in oerstedi, tallanica, and 
other related forms, partly subdivides branchial re
gion. Breadth of eyebrow more than one-half diame
ter of adjacent part of depressed eyestalk. Suborbital 
margin with crenellations only slightly enlarged near 
antero-external angle; they then extend, slightly re
duced in size, around outer orbital margin as far as 

channel. Lower side of antero-lateral angle moder
ately sharp. 

Major Cheliped. Merus: Antero-dorsal margin prox
imally a low ridge, straight and unarmed, flaring only 
subdistally into a low crest, scarcely convex, and ir
regularly tuberculate. Carpus: Anterior margin prac
tically erect, instead of bent over; oblique ridge of 
inner surface poorly marked but with a row of 7 
distinct tubercles. 

Manus: Bending of outer, upper surface moderate 
but practically without flattening. Outer tubercles 
extremely minute in lower half, increasing gradually 
to moderate size toward upper margin; tubercles ab
sent adjacent to the distinct dorsal outer groove. Dor
sal margin with outer edge confluent with that of 
carpal cavity only at extreme proximal end, distinct 
and tuberculate throughout entire length of margin; 
inner edge beyond cavity indistinct; intervening sur
face flattened, smooth proximally, roughened distally 
by an irregular longitudinal row of small, separated 
tubercles. Lower margin weakly keeled, surmounted 
by coarse, low, blunt beading that dies out near pol
lex base. Faint, ventral, outer groove present proxi
mally. 

Palm with lower triangle evenly covered with ex
tremely minute tubercles. Oblique ridge high, the 
apex slightly higher than median portion but the 
tubercles there only slightly larger than elsewhere; 
tubercles continued beyond apex upward around 
carpal cavity to predactyl area, but few, small, and 
irregularly spaced. Carpal cavity with ventral margin 
thick, blunt; distal edge moderately sloping; no distal 
extension, the beaded inner edge of proximal dor
sal margin curving downward to meet tubercles con
tinued upward from oblique ridge, and hence bound
ing upper distal part of carpal cavity. Predactyl area 
spacious, practically flat, smooth, rounding into the 
tuberculate dorsal margin not set off from center 
palm. 

Pollex and dactyl: Pollex slightly less deep than 
dactyl. Dactyl little longer than manus. Gape narrow, 
less than depth of pollex. Pollex with a faint inner 
depression extending through about half of length. 
Dactyl with outer, proximal, subdorsal groove well 
developed, surrounded by strong tubercles that dor-
sally extend beyond it through about half dactyl's 
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length. Both pollex and dactyl with all lateral sur
faces smooth. Gape in both pollex and dactyl with 
outer and median rows of tubercles well developed 
but inner row absent on pollex except proximally and 
weak on both pollex and dactyl. Pollex tip simple. 
In gape near pollex tip a small, tuberculate convexity 
which is absent in the larger holotype of mertensi, 
instead of enlarged into the triangular tooth charac
teristic of most related species; a single enlarged 
tubercle near middle of dactyl. Gape pile present. 

Minor Cheliped. Slender; gape at base narrower than 
width of pollex, decreasing distally. Middle section 
with serrations strong, distally in contact. 

Ambulatories. All meri broad for a Celuca: 2nd and 
3rd with dorsal margins strongly convex. No anterior 
modification of 1st ambulatory. 

Gonopod. Flanges absent; pore large, with its inter
nal (anterior) tip lower than the external but with 
no trace of a projection; external (posterior) lip 
broadly angled. Inner process narrowly triangular, 
flat; its rounded tip extending slightly beyond ad
jacent lip of pore. Thumb well developed but short, 
extending slightly more than its own length proximal 
to corneous base of specialized tip. 

FEMALE 

Carapace pile about as in male. 

Measurements (in mm) 
Length Breadth Propodus Dactyl 

Largest male 
(von Hagen; Peru) 

Male (holotype of 
mertensi; Bott; Salvador) 

Holotype male 
(Costa Rica) 

Largest female 
(von Hagen; Peru) 

Largest female paratype 
(Costa Rica) 

11.0 

9.5 

6.6 

11.4 

7.3 

16.8 

15.0 

10.2 

17.9 

11.9 

Morphological Comparison and Comment 

A comparison of all the members, including tomen-
tosa, of the superspecies crenulata and their allies 
will be found on p. 217. 

Color 

(After von Hagen.) No display whitening observed. 
Male: Carapace with mosaic pattern of dark green, 
light green and yellow. Eyestalks emerald green. 
Ambulatories anteriorly light gray flecked with 
darker; posteriorly marbled brown and yellow. Minor 
cheliped light gray. Outer side of major cheliped: 

manus and dactyl in juveniles light brown; in older 
individuals manus gray, sprinkled above with yellow; 
whitish below, as well as on pollex. Females: Cara
pace with mosaic pattern of dark brown, green, and 
yellow, infrequently red and olive; ambulatories ante
riorly light gray or pale rose. Underside of ischium 
rose. Otherwise as in male. 

SOCIAL B E H A V I O R 

Waving Display 

(After von Hagen, 1968.2.) Wave lateral-circular. 
A distinct pause at higher intensities at highest point 
reached by chela. Claw lowered into a flexed posi
tion abruptly, giving impression of jerks as it strikes 
the ground in front of the rest position and is then 
moved back into its usual place, apparently in a fash
ion similar to that found in tenuipedis and batuenta; 
unlike those species, however, tomentosa makes 
only a single stroke against the ground, instead of a 
series of vibrations; hence it is not a fully developed 
major-manus-drumming. During waving minor cheli
ped participates. Body tilted strongly during each 
wave, doubtless through bending of the more poste
rior ambulatories and extension of those in front. 
Some ambulatories sometimes raised during display. 
Duration of entire display, including the single stroke 
of major cheliped against ground, about 1.25 to 1.5 
seconds. (Component nos. 5, 9, 10, 12.) 

From Los Blancos, El Salvador, to Puerto Pizarro, 
Peru. 

BlOTOPES 

Clay-like mud flats to muddy sand; smooth, super
ficially encrusted sand (von Hagen) ( = over mud). 
(Approximate biotope nos. 5, 6, 8.) 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca tomentosa Crane, 1941 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137411 (formerly New York Zoological Society 
cat. no. 381,132). Type-locality: Puntarenas, Costa 
Rica. Measurements on this page. (!) 

Additional Type Material. 4 female paratypes from 
the type-locality in the same institution. Cat. no. 
137412 (formerly New York Zoological Society cat. 
no. 381,133). (!) 

Type Material of Uca mertensi Bott, 1954 ( = holo
type male). In Forschungsinstitut Senckenberg, 

RANGE 
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Frankfurt a.M. Cat. no. 1863; length 9.5 mm. (!) 
Type-locality: Los Blancos, El Salvador. 

The small size of the holotype of tomentosa, in 
comparison with both the holotype of mertensi and 
of the Peruvian material in von Hagen's collection, 

may be one factor in the differences in amount of pile. 
Except for less pile and the expectably longer major 
chela in the holotype of mertensi, the specimens are 
closely similar, including details of armature and 
gonopod. 

REFERENCES AND SYNONYMY 

Uca (Celuca) tomentosa Crane, 1941 

Uca tomentosa 

TYPE DESCRIPTION. Crane, 1941.1: 179; Text Figs. 
4h, 6. Costa Rica: Puntarenas. (USNM !) 

Uca mertensi 

Bott, 1954: 169; Text Fig. 11; PI. 16, Fig. 11a, b. 

El Salvador: Los Blancos. Type description. (Frank
furt !) 

Altevogt & Altevogt, 1967. E 1290. Film of wav
ing display. 

von Hagen, 1968.2: 425; Text Fig. 4b, c. Peru: 
Puerto Pizarro. Taxonomy; color; waving display; 
habitat (Text Fig. 20). 
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49. UCA (CELUCA) TALLANICA VON HAGEN, 1968 

(Tropical eastern Pacific) 

PLATE 35 E-H. MAP 15. 
FIGURE 70 / . TABLES 9, 10. 

INTRODUCTION 

Von Hagen's publication of the type description of 
U. tallanica adds one more species, notably small and 
remarkably interesting, to this group of closely re
lated forms. For years it seemed unwise to base a 
new species on the few imperfect male specimens I 
collected in Ecuador. Now the name tallanica is 
available, based on a series from Peru. In the follow
ing description I have combined von Hagen's data 
with that from the Ecuadorian specimens; the details 
of the armature and gonopod, however, are derived 
entirely from the latter. 

MORPHOLOGY 

Diagnosis 

Front moderately wide. Major cheliped with a small, 
pilous depression with definite margins at base of 
outer pollex; center of palm tuberculate; both ridges 
at base of dactyl well developed, tuberculate; a 
strong, tuberculate projection subdistally on pollex. 
1st ambulatory on major side with a long row of 
minute tubercles on anterior surface of carpus; merus 
of each ambulatory strikingly broad, including that 
of 4th. Male carapace with usually 6 small, curved 
patches of pile; female usually with 2. Gonopod with 
pore large and terminal but without a projection on 
its edge; thumb represented by an oblique shelf. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 3.3 times 
in that of carapace. Orbits moderately oblique. 
Antero-lateral margins short, straight or slightly con
cave, converging, turning further inward posteriorly 
at a broadly obtuse angle. Each member of the upper 
pair of postero-lateral striae is long and strong and, 
at extreme inner end, curves sharply inward, parallel
ing posterior border; lower striae sometimes a single 
pair, sometimes represented by several, at least on 
one side, always short, always far lateral. Carapace 
with small, paired patches of pile, the larger curved 

and comma-shaped, usually numbering 3 pairs, as 
follows: on each side of the mid-line one patch on 
upper and one on lower longitudinal groove of the 
H-formation, plus a smaller patch, sometimes 
straight, on branchial region immediately interior to 
the longitudinal groove that, as in U. oerstedi, partly 
subdivides branchial region. Breadth of eyebrow less 
than half diameter of adjacent part of depressed eye-
stalk. Suborbital margin with crenellations distinct 
throughout, although small internally; they increase 
gradually to moderate size in neighborhood of outer 
angle and continue, somewhat separated, almost to 
outer orbital channel. Lower side of antero-lateral 
angle blunt on major side, moderately sharp on 
minor. 

Major Cheliped. Merus: Postero-dorsal margin 
smooth and practically absent; posterior convexity 
strongly developed. Antero-dorsal margin practically 
straight; distinct and sharp throughout but not high 
enough to be termed a crest; unarmed in proximal 
half but finely serrate, the serrations increasing pro
gressively in size, distally. Carpus: Oblique ridge of 
inner surface sometimes with several very small 
tubercles. 

Manus: Bending of outer, upper surface moder
ate, flattening near dorsal margin slight, although a 
broad area below the subdorsal ridge and groove is 
practically smooth. Outer tubercles in lower half 
small but then increasing regularly until, by the time 
they stop abruptly along lower edge of subdorsal, 
smooth area, they are large for the subgenus. A few 
enlarged tubercles, comparable in size to the largest 
ones subdorsally, in an irregularly vertical row be
hind base of gape. Dorsal outer groove strong, con
tinuing entire length of margin. Dorsal margin above 
groove high throughout, armed except proximally 
with a regular row of similar, rounded tubercles, so 
nearly contiguous that they almost constitute bead
ing. Dorsal margin itself almost flat with variable, 
scattered, sharp tubercles; inner edge distal to carpal 
cavity indistinct. Area outside pollex base with a 
small, triangular depression filled with pile, the base 
of the triangle, paralleling ventral margin, being 
much longer than its altitude; the triangle is margined 
ventrally by small tubercles that continue a short way 
proximally beyond the depression, in a weak version 



U. (CELUCA) TALLANICA 265 

of the supra ventral keel found in oerstedi and others; 
however the tubercles do not continue at all distally, 
onto the poUex. Ventral margin of manus with a row 
of strong tubercles, adjoined externally by a groove, 
running entire length but stopping abruptly beneath 
pilous triangle at poUex base. The tubercles are grad
uated in size, from minute proximally to large before 
and beneath triangle; pile is conspicuous between the 
large tubercles and in the adjoining groove. 

Palm with lower triangle finely granulate. Oblique 
ridge low, broad, poorly marked by a row of tuber
cles scarcely larger than those of adjoining center 
palm area; apex scarcely evident, slightly lower even 
than adjoining ridge; tubercles not continuing upward 
around carpal cavity, except insofar as they are bare
ly distinguishable from the center palm armature, 
which extends to the cavity's distal edge. Carpal cav
ity's ventral margin very low, broad, blunt; distal 
part of cavity sloping very gently; inner edge of prox
imal dorsal margin finely tuberculate, almost beaded, 
curving only slightly downward and so permitting a 
distal extension of the cavity, short and narrow; this 
extension slopes up into the smooth surface of the 
short predactyl area. Predactyl ridges both with well-
developed tubercles. 

PoUex and dactyl: Pollex not markedly triangular, 
the base, although broad, being little or not at all 
wider than corresponding part of dactyl; prehensile 
edge of pollex subdistally only with a triangular, 
tuberculate tooth, its distal edge being longer. Dactyl 
long, its strongest curvature being only distal, as it 
continues below tip of pollex; latter is practically 
straight ventrally, not curved upward. Gape moder
ately narrow proximally, practically absent distally 
in region of triangular tooth of pollex. Outer, proxi
mal, subdorsal groove on dactyl broad, extending as 
much as about a third length of dactyl, flattened, 
smooth, flanked above and below by well-developed 
tubercles continuing dorsally beyond groove. Pollex 
and dactyl with outer and inner surfaces wholly 
smooth. Pollex and dactyl with outer and inner rows 
of gape tubercles proximally weak, distally vestigial, 
or represented by ridges only. Inner and middle rows 
widely separated proximally on pollex only; tuber
cles edging convexity of pollex in gape arising com
pletely from median row; convexity is confined to 
about distal third, with a short proximal edge, a tri
angular apex, and a long, almost straight distal edge 
fully armed with small, sharp tubercles, similar ex
cept sometimes for one slightly enlarged near middle 
of the edge; no projections or enlarged tubercles else
where in gape, except occasionally for one tubercle 
in distal third of dactyl; both median rows proximal
ly composed of very low, practically contiguous 
tubercles, either broadly rounded or almost flat, 
especially near base where gape pile is plentiful. 

Minor Cheliped. Gape at base narrower than width 
of pollex, decreasing distally. Middle section with 
serrations strong, even, in contact beyond middle. 

Ambulatories. All ambulatories, including 4th, strik
ingly broad for a Celuca, more so even than in 
oerstedi; the only strongly convex dorsal margin, 
however, is that of 3rd leg. A long row of minute 
tubercles on carpus of 1st ambulatory on major side; 
in addition, the nearby antero-ventral margin of the 
merus of the same ambulatory is distally finely tuber
culate. 

Gonopod. Flanges absent; pore very large, terminal, 
without a projection extending beyond rest of pore 
margin. Inner process ending slightly proximal to 
pore, moderately broad, flat, and closely appressed 
to tube, except at distal end where its spinous tip pro
jects freely, as the end of the tube curves slightly 
away from it, immediately before the pore. Thumb 
represented by an oblique shelf far proximal to corne
ous part of specialized tip. 

This gonopod closely resembles that of the sym
pat ic inaequalis except for the apparently narrower 
inner process and the distinct lack of a projection on 
margin of pore. It is even more closely similar to that 
of helleri, from the Galapagos, but does not have 
even the rudimentary indication of a pore projection 
and, again, the inner process is less extensive. 

FEMALE 

(From von Hagen's type description and key, plus 
examination of 2 immature paratypes.) Usually with 
only 2 comma-shaped patches of pile, but sometimes 
with more (4 to 6 patches in 5 out of 20 females). 
Lower suborbital margin with crenellations laterally 
separate and gradually diminishing in size, ending at 
channel. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male 
(von Hagen; Peru) 7.5 11.5 17.3 

Moderate male (present 
collection; Ecuador) 7.1 10.3 14.5 9.5 

Holotype (von Hagen; 
Peru) 6.9 10.3 13.3 9.0 

(J.C.) 
Largest female 

(von Hagen; Peru) 8.0 11.6 
Smallest ovigerous female 

(von Hagen; Peru) 5.8 8.4 

Morphological Comparison and Comment 

A comparison of all the members, including tallanica, 
of the superspecies crenulata and their allies will be 
found on p. 217. 
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Color 

(After von Hagen.) Male: No display whitening ob
served. Carapace dark brown patterned with pale 
yellow, sometimes with a violet sheen; posterior quar
ter sometimes light yellow; eyestalks gray to gray 
green. Ambulatories anteriorly violet, elsewhere like 
carapace; minor cheliped gray violet. Outside of ma
jor cheliped: outer manus like cheliped, gray below; 
pollex white; dactyl proximally and above gray 
brown. Female: Yellow pattern of the dark brown 
carapace darker and not as conspicuous as in male. 
Chelae whitish, speckled with gray. Otherwise as in 
male. 

SOCIAL BEHAVIOR 

Waving Display 

(After von Hagen.) Only lowest intensity observed, 
accompanied by feeding motions. Similar to low in
tensity of batuenta, the major cheliped making a 
weak circular motion. 

REFERENCE 

Uca (Celuca) tallanica von Hagen, 1968 

Uca tallanica 
TYPE DESCRIPTION. Von Hagen, 1968.2: 412; Text 
Figs. 5b, c, 6. Peru. Color; waving display. (Leiden 
!) 

RANGE 

Known only from Puerto Bolivar, Ecuador, and 
Puerto Pizarro, Peru. 

BlOTOPES 

(From von Hagen, Text Fig. 20.) Upper levels of 
mudbanks of estuaries, very close to mangroves, in
cluding in their shade. The single specimen taken by 
Crane in Puerto Bolivar was in a similar, but flatter, 
habitat, and not in shade. (Biotope nos. 8, 9.) 

T Y P E MATERIAL AND NOMENCLATURE 

Uca tallanica von Hagen, 1968 
HOLOTYPE. In Rijksmuseum Natuurlijk Historie, 
Leiden. Male, cat. no. D 23046; measurements on 
p. 265. Type-locality: Puerto Pizarro, Peru. (!) 

Additional Type Material. In same institution: 5 male 
and 3 female paratypes (cat. no. 23047). (!) 
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50. UCA (CELUCA) FESTAE NOBILI, 1902 

(Tropical eastern Pacific) 

PLATE 36 A-D. MAP 16. 

FIGURES 71 C, D; 101. TABLES 9, 10, 12, 19, 20. 

INTRODUCTION 

The fingers of the major cheliped in Uca festae at
tain record lengths in relation to the size of the crab, 
although the armature shows no uncommon peculi
arities. Notes made many years ago in Ecuador indi
cate that fighting was more prevalent, during those 
particular low tides, than in any other species I have 
encountered. Our present knowledge of combat com
ponents leads to the expectation that the long fingers 
will prove to be concerned with some combat char
acteristic, as well as with any physical and psycho
logical advantages of large size and high visibility (p. 
487). A possibly related point in the crab's evolution 
is that display color is dull except for the dazzling 
white fingers; in motion their flashing shows up well 
against the dark background of river shore or salt 
flat. 

M O R P H O L O G Y 

Diagnosis 

Front moderately broad. Major cheliped with fingers 
strikingly long and slender, straight except for dac
tyl's tip; outer manus with a small group of large 
tubercles close to base of gape. Gonopod with a short 
thumb and without a projection on pore margin. Fe
male with pile postero-laterally on dorsal part of 
carapace, and on posterior part of its sides. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 4.5 times 
in that of carapace. Antero-lateral margins straight, 
parallel, or slightly diverging, angling into dorso
lateral margins. Hepatic and branchial regions fused 
and arched moderately above level of surrounding 
carapace. Eyebrow breadth more than half diameter 
of adjacent part of depressed eyestalk. Suborbital 
crenellations in outer half large and well separated, 
continuing slightly around outer orbital margin, but 
stopping well short of channel. Lower side of antero
lateral angle moderately sharp with a minute basal 
tubercle. 

Major Cheliped. Merus: All rugosities sparse and 
weak; tubercles of antero-lateral and ventral margins 
small. 

Manus: Bending of outer, upper surface strong 
and markedly flattened. Outer tubercles extremely 
minute near lower and upper margins; in middle por
tion of palm they become abruptly much larger, espe
cially distally, near base of lower part of dactyl; this 
entire middle area of larger tubercles is separately 
convex, projecting beyond the usual convexity of 
outer surface; upper flattened portion with a broad, 
longitudinal depression or series of pits extending 
through distal half. Dorsal, outer groove distinct, 
curving outward distally and ending just before dac
tyl base. Dorsal margin with outer edge distal to car
pal cavity weakly beaded or tuberculate; inner edge 
indistinct; intervening surface narrow, flat, marked 
by a few indistinct tubercles that are sometimes con
fluent with several blunt, distal rugosities on adjacent 
palm. Lower margin with edge blunt and without 
special tubercles, the only armature being a continua
tion of the minute tubercles of lower, outer surface. 
Ventral, outer groove absent. 

Palm with lower triangle covered with extremely 
minute tubercles arranged in irregular, chiefly vertical 
rows, the tubercles largest proximally. Oblique ridge 
moderate, the apex high; tubercles increasing regu
larly in size to apex and just above it, where they are 
largest; above apex slightly smaller tubercles con
tinue upward along carpal cavity, the row varying 
from regular to irregular, then turn distally below 
predactyl area where they die out. Center palm slop
ing steeply upward to tubercles bordering carpal 
cavity; a slight depression in upper portion, below 
predactyl area. Carpal cavity with ventral margin 
steep-sided, being only moderately thick, but the edge 
itself is broad and blunt; distal part of cavity sloping 
moderately to the almost straight (vertical) distal 
boundary surmounted by the tubercles of upward ex
tension of oblique ridge; no true distal extension into 
predactyl area, from which the cavity is incomplete
ly set off by the area's flatter plane and, usually, 
lumpiness; inner edge of proximal dorsal margin not 
curving downward. Predactyl area small, narrow, flat, 
or with a faint depression; slightly lumpy or, some
times, smooth; bounded ventrally, as noted above, by 
end of upward extending tubercles from oblique 
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ridge. Distal ridge at base of dactyl better developed 
than proximal, the tubercles being larger and extend
ing farther dorsally. 

Pollex and dactyl: Exceedingly long, the longest 
relative to length of manus (and probably to length 
of crab) of any species in the genus; for example, 
while the propodus attains a length of about 4 times 
the length of the carapace, the dactyl measures 
around 7 times that of manus. Both fingers very 
slender; dactyl slightly broader than pollex, notably 
convex throughout, curving unusually far beyond and 
below pollex. Gape moderate at middle, clearly 
wider than adjacent part of pollex. Dactyl with a 
slight, outer, proximal subdorsal groove or concavity, 
sometimes minutely tuberculate like surrounding 
area; both area and groove sometimes smooth in 
large specimens. Pollex and dactyl laterally smooth 
except near ventral and dorsal margins respectively, 
and near gape, where they are covered with extreme
ly minute tubercles, inside and out, especially in 
smaller specimens. On gape, outer and inner rows of 
both pollex and dactyl inconspicuous and become in
distinct before middle of length; tubercles of median 
row only slightly larger and, while distinct beyond 
middle, are also diminished more distally and merged 
among the general covering of minute tubercles. Pol
lex tip simple. Pollex gape without enlarged tuber
cles; dactyl sometimes with a single tubercle slightly 
enlarged at about end of proximal third. 

Minor Cheliped. Gape very narrow. Strong serrations 
practically in contact. 

Ambulatories. 2nd and 3rd meri moderately slender, 
their dorsal margins scarcely convex to almost 
straight. No anterior modification of 1st ambulatory. 

Gonopod. Flanges absent; pore very large, its internal 
(anterior) lip lower than the external, without a pro
jection. Inner process broad, fiat, triangular, almost 
or quite reaching pore. Thumb small but distinct, 
varying in length even within populations, ending far 
proximal to the corneous base of the specialized tip. 

FEMALE 

Carapace regions definitely less marked than in 
male, the difference being unusually strong for a 
Celuca. Strong granulation dorsally and laterally on 
carapace; in postero-lateral part of dorsal region as 
well as on sides behind the vertical lateral margins 
the armature takes the form of true tubercles rather 
than granules. Pile plentiful above and below pos
tero-lateral margins and in region of posterior striae. 
Cheliped on one side with antero-ventral margin 
armed more strongly than in any other species, there 
being a fairly regular row of distinct tubercles 
throughout its length. Suborbital margin with crenel-
lations near outer anterior orbital angle more closely 

set than in male but not larger. On 3rd and 4th am
bulatories, pile present posteriorly on merus, carpus, 
and manus. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

From El Salvador 
(Bott's material, 1954) 

Male, identified by 
Bott as U. festae 
(cat. no. 2102) 10.0 16.0 

Male, holotype of 
U. orthomana; juvenile 7.0 11.0 

From Ecuador 
(present collection) 

Largest male 13.0 21.5 53.0 46.0 
Moderate male 9.0 14.5 30.0 28.0 
Largest female 

(ovigerous) 13.0 19.0 
Smallest ovigerous female 8.0 12.5 - -

Morphological Comparison and Comment 
The differences between the poorly known northern 
form of festae and the southern representatives seem 
too slight even to warrant the erection of subspecies. 
The distinctions at present appear confined to the 
gonopod, which has a slightly thicker thumb and 
thicker tip in Bott's material from El Salvador. Pos
sibly also the gape of the major cheliped and thick
ness of the fingers remain of juvenile proportions 
when the crabs are longer than in the known popula
tions of Ecuador. 

Several juveniles from Panama in the present col
lection are even smaller, measuring about 5 mm in 
length, than are Bott's examples upon which the spe
cies U. orthomana and part of U. leptochela were 
erected; furthermore the Panama material is in poor 
condition. Nevertheless all of their specific characters 
are distinct and all are well developed except the 
gonopod thumb; this structure is represented only by 
an oblique shelf, as in some related species. Juveniles 
from Ecuador show a similarly late development of 
this structure. Finally, a male measuring 7.5 mm long 
and of mature proportions, from Contreras Island, off 
Panama, also has the thumb represented only by a 
shelf. 

This species appears to have affinities slightly 
closer to members of the superspecies crenulata and 
its allies (p. 217) than to beebei and stenodactylus. 
It is essentially an intermediate form, however, 
unique only in the striking elongation of the major 
cheliped. 

Color 
Displaying males: Display whitening absent. Cara
pace at palest appears brownish gray; buccal regions 
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and 3rd maxillipeds clear white. Major cheliped: 
Merus, carpus and manus dull greenish brown inside 
and out, except for narrow orange ends of connect
ing segments; chela shining white, as in minor chela 
and its manus; merus and carpus of minor cheliped 
and of all ambulatories purplish, at least anteriorly; 
elsewhere these appendages are dull monochrome, 
sometimes darker than the carapace. Eyestalks dull 
yellow or yellow orange in both sexes. Females other
wise dark. 

S O C I A L B E H A V I O R 

Waving Display 

Wave lateral, strongly circular at high intensity, with 
the carpus then kept elevated, so that the tips of the 
fingers slant downward at the wave's low point but 
do not touch the ground during a series; a brief pause 
at peak; the chela then swings downward abruptly 
and another brief pause precedes the next wave; 
fingers usually slightly apart, parallel, during raising 
of cheliped, closed on lowering. (It seems probable 
that during the descent of the chela in a high-intensity 
wave a major-merus-rub or -drum takes place; the 
requisite motions were described at Guayaquil, but 
do not appear in the films made of waving at mod
erate intensity in the Trinidad crabbery.) Body raised 
high and the position held, at least anteriorly, 
throughout a series, the ambulatories remaining on 
the ground except when one or two are raised, appar
ently as an aid to balance. Waving was at a maximum 
rate of slightly less than one to a second in the field 
at Guayaquil; in the crabbery the lone male waved 
at much slower rates. In both field and crabbery more 
than 50 waves sometimes occurred in single series. 
(Component nos. 4, 5, 9, 11; timing elements in 
Table 19, p. 000.) 

Precopulatory Behavior 

During the observations at Guayaquil, males often 
chased females with the major cheliped extended, 
probably in a form of herding (component no. 14). 
When a female appeared attentive, a displaying male 
without any chasing approached her and stroked her 
carapace. No attempts at copulation were observed, 
and although excited males descended their own bur
rows as usual in Celuca, no females were seen to 
follow. 

Acoustic Behavior 

As already described under waving display, major-
merus-rubs (component 1) or major-merus-drums 
(7) probably occur during some waves of high in

tensity. Below, in the comments on combat, the fre
quent use of probable minor-merus-rubs is men
tioned (2) . Leg-wags (5) were seen both during 
waving display and before combat. Although I was 
watching for it particularly, no drumming against the 
substrate, either real or apparent, took place. Al
though a single individual sent us from Buenaventura 
lived and waved for months in the Trinidad crab
beries, no stridulatory motions were ever observed. 

Combat 

The numerous combats seen at Guayaquil often in
cluded three and even four opponents; after a time 
the third individual would leave or be ousted, while 
a group of four would split into conventional pairs. 
In species I have since come to know well, most 
combats occur close to the time of low tide, and have 
almost or completely ceased long before the rising 
water approaches their burrows. Contrastingly, the 
festae fights continued to be plentiful even as the 
water washed over the legs of the struggling males. 
Combats were often preceded by rapid motions of 
the minor cheliped which almost certainly will prove 
to be minor-merus-rubs. Displacement cleaning of 
the major cheliped by the minor between rounds was 
so prevalent that it should probably be considered a 
part of combat; it also followed numerous encoun
ters; in this species, particularly, stridulation during 
these motions should be suspected. 

The several low-tide periods of observation at 
Guayaquil started April 20, before and during new 
moon, which fell on April 22, with low water each 
day occurring around mid-afternoon. 

RANGE 

U. festae is known from El Salvador, Panama (near 
Panama City), Colombia (Buenaventura), and 
Ecuador. 

BlOTOPES 

At Guayaquil, the type-locality, U. festae was present 
in largest numbers on flat banks of the river in the 
town itself; it also lived in the frequently dry salt flats 
nearby known as "El Salado." (Biotope nos. 14, 15); 
in Panama the only known specimens were found in 
mangrove mud near a stream mouth. 

S Y M P A T R I C A S S O C I A T E S 

At the Guayaquil level of the Guayas River festae 
was the only Uca; at El Salado, vocator ecuadoriensis 
and g. galapagensis also occurred in numbers, both 
members of the subgenus Minuca. 
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MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 610.) 

Observations and Collections. Guayaquil, Ecuador. 

Films. Photographed in Trinidad crabberies from 
specimens sent from Buenaventura, Colombia. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca festae Nobili, 1901 

HOLOTYPE. In Museo di Zoologia della Universita di 
Torino. Male, cat. no. 1438. Type-locality: Rio 
Daule, Ecuador. Measurements in mm: length 12; 
breadth 18 (Rathbun). (!) 

REFERENCES AND SYNONYMY 

Uca (Celuca) festae Nobili, 1902 

Uca festae 

TYPE DESCRIPTION. Nobili, 1901.4: 51. Ecuador: 
Rio Daule Inferiore. (Torino !) 

Rathbun, 1918.1: 420. Taxonomy. No new mate
rial. 

Maccagno, 1928: 32; Text Fig. 18 (claw). Ecua
dor: Guayaquil. Taxonomy, including that of type 
material. (Part !) 

Bott, 1954: 171; Text Fig. 12; PI. 17, Figs. 12a, 
b. El Salvador: El Zunzal. (!) 

Crane, 1957. Ecuador. Preliminary classification 
of waving display. 

Type Material of Uca guayaquilensis Rathbun, 1935. 
In Smithsonian Institution, National Museum of Nat
ural History, Washington. Male, cat. no. 70831. 
Type-locality: Salada ( = El Salado), Guayaquil, 
Ecuador. Measurements in mm: length 9.1; breadth 
14.3 (Rathbun); under same number in same vial 
male and female. (!) 

Type Material of Uca orthomanus Bott, 1954. In 
Forschungsinstitut Senckenberg, Frankfurt a.M. 
Male, cat. no. 1873. Type-locality: Puerto el Triunfo, 
El Salvador. Measurements on p. 268. 2 paratype 
males, cat. no. 2074. (!) 

Type Material (part) of Uca leptochela Bott, 1954. 
In Forschungsinstitut Senckenberg, Frankfurt a.M. 
At least 2 of the 5 male paratypes are juvenile ex
amples of U. festae (cat. 2073 part). (!) 

Uca guayaquilensis 

Rathbun, 1935.1: 50. Ecuador: Guayaquil. Type 
description. (USNM !) 

Uca orthomana 

Bott, 1954: 175; Text Fig. 19; PI. 18, Figs. 18a, 
b. El Salvador: Puerto el Triunfo. Type description. 
(Frankfurt !) 

Uca leptochela 

Bott, 1954: 176 (part: 2 paratypes). El Salvador: 
Puerto el Triunfo. (Frankfurt !) 
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51 UCA (CELUCA) HELLERI RATHBUN, 1902 

(Tropical eastern Pacific: Galapagos Islands) 

PLATE 36 E-H. MAP 15. 
FIGURES 70 H; 101. TABLE 9. 

INTRODUCTION 

Uca helleri appears to be endemic in the Galapagos, 
and remains the only species in the genus with a dis
tribution confined to a small group of islands. Few 
specimens have been collected, and information on 
its biology appears to be lacking. Films of waving 
fiddlers, lent by visitors, do not show the display 
characters clearly enough to describe them. 

M O R P H O L O G Y 

Diagnosis 

Front moderately broad. Orbits oblique; antero
lateral margins short, not at all divergent. Major 
cheliped with the minute tubercles on outer manus 
and triangle on proximal palm in a reticulate pattern; 
oblique tuberculate ridge strong but apex low; pollex 
not unusually wide, its prehensile edge without either 
a triangular protuberance or small distal crest. Minor 
cheliped with gape moderate, serrations weak. Gono-
pod without flanges, with the thumb represented by 
an oblique shelf, and with a small protuberance on 
pore's margin. Female without pile on carapace but 
with persistent pile posteriorly and ventrally on 3rd 
and 4th ambulatories. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained more than 3 
times in that of carapace. Antero-lateral margins 
straight, slightly converging, rounding gradually into 
the weak dor so-later als. Vertical lateral margins 
weak. Frontal margin distally weak. Eyebrow 
breadth more than half diameter of adjacent part of 
depressed eyestalk. Suborbital crenellations of mod
erate size in outer half, continued around outer orbi
tal margin as far as channel. Lower side of antero
lateral angle blunt. 

Major Cheliped. Merus: Rugosities weak. Postero-
dorsal margin represented only by a blunt angle, un

armed, between dorsal and posterior surfaces. 
Antero-dorsal margin convex throughout, proximal-
ly blunt-edged and unarmed; distally with small ru
gosities. Ventral margin proximally notably blunt 
and unarmed. Carpus: Practically smooth, the ante
rior margin scarcely indicated and unarmed. 

Manus: Bending of outer, upper surface strong, 
dorsal portion broad and almost flat. Outer tubercles 
extremely minute, very slightly larger on flattened, 
upper surface and everywhere with a reticulate pat
tern; in lower third the intervening cells are smooth; 
in upper, the tubercles tend to be in transverse, verti
cal rows. Dorsal, outer groove practically absent. 
Dorsal margin distal to carpal cavity simple, little 
thickened, blunt, not flattened, with irregular, low 
tubercles continuous with those of upper outer 
manus. Cuff smooth, without the usual vertical row 
of tubercles. Area outside pollex base with a large, 
slight, flat depression, definitely triangular, continu
ing onto proximal part of pollex, and bounded ven
trally by a blunt, low, indistinct keel. Lower margin 
with edge scarcely angled, set off only by a row of 
minute tubercles scarcely larger than those of ad
jacent surfaces, and dying out at about base of pol
lex. Ventral, outer groove absent. 

Palm with lower triangle covered with extremely 
minute tubercles arranged in a reticulate pattern that 
is more pronounced than on outer manus, the inter
vening cells being smooth. Oblique ridge moderate, 
scarcely if at all higher at apex, where the tubercles 
are slightly enlarged; tubercles start well above ven
tral margin and, beyond apex, continue around car
pal cavity practically to dorsal margin; the most 
dorsal tubercles, proximal to predactyl area, in an 
irregular group. Center palm with low, irregular 
lumpiness or rugosities in upper part. Carpal cavity 
with ventral margin low, thick, blunt; distal margin 
sloping moderately; inner edge of proximal, dorsal 
margin sloping slightly downward distally, but not 
blocking carpal cavity from predactyl area; no distal 
extension of cavity into predactyl area, from which 
it is incompletely separated by the clustered tubercles 
of upward continuation of oblique ridge. Predactyl 
area smooth, its boundaries indefinite, with a slight 
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depression. Distal ridge at base of dactyl weak, tuber
cles practically absent; groove shallow. 

Pollex and dactyl: Gape wider than adjacent pol-
lex. Dactyl with outer, proximal, subdorsal groove 
represented by a small, shallow depression; tuber-
culation in the area consisting only of a few minute 
tubercles. Both pollex and dactyl smooth inside and 
out, except for some extremely minute tubercles ex
ternally around gape. On gape, pollex with outer row 
of tubercles complete, inner strong proximally and 
traceable throughout; median row absent proximally, 
the space between outer and inner rows broad and 
flat; dactyl with outer row complete, inner row absent 
proximally, median almost absent in middle portion. 
Pollex tip bifid. All gape tubercles small, several 
slightly enlarged toward middle of pollex and prox
imally in dactyl. Gape pile almost absent. 

Minor Cheliped. Gape slightly wider throughout than 
width of pollex. Serrations small, few irregular, some
times almost lacking. 

Ambulatories. Merus of first 3 moderately broad, 
that of 4th slender, its dorsal margin practically 
straight. Pile absent. 

Gonopod. Very similar to that of inaequalis, but pro
jecting margin of lip not so much produced. Flanges 
absent; pore very large, terminal, its internal (ante
rior) lip with a slight, obtuse projection extending 
beyond rest of pore margin; inner process large, tri
angular, reaching pore margin or slightly beyond; 
thumb represented by an oblique shelf far proximal 
to corneous part of specialized tip. 

FEMALE 

Carapace slightly granulate posteriorly and later
ally. Cheliped sometimes, as in type, with the small 
serrations larger and more numerous than in male. 
Ovigerous type female (the only female in good con
dition examined): merus of first 3 ambulatories 
scarcely wider than in male, but notably thicker, as 
in that of 4th; latter also is slightly wider. 3rd ambu
latory with abundant, persistent pile as follows: on 
postero-ventral surface except proximally and dis-
tally, and extending onto a short, median section of 
ventral surface; carpus with a small, subdistal patch 
near postero-distal margin; manus with posterior and 
ventral surface entirely covered except at extreme 
proximal end. Pile also present on 4th leg on merus 
and manus near middle of ventral surface. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Male (holotype) 5.6 8.1 10.5 7.0 
(Rathbun) (Rathbun) (J.C.) (J.C.) 

Female type 
(ovigerous) 7.0 8.3 - -

(J.C.) (J.C.) 
Male, large 

(Garth, 1946) 8.2 12.3 21.4 15.5 
Female (Garth, 1946) 8.0 11.0 

Morphological Comparison and Comment 

Although the form of the gonopod is closely similar 
to that of oerstedi, inaequalis, and leptochela, the 
other characteristics of helleri combine in such a way 
that it appears to have no very close relations. The 
scarcity and fragility of material are major handicaps 
in understanding its position. On the major cheliped 
the reticulated appearance both of the outer manus 
and of the palm's proximal triangle is variable, 
never conspicuous, and sometimes almost lacking. 

R A N G E 

Known only from the Galapagos, from the following 
islands: Narborough, Albemarle, Tower, and Inde
fatigable. 

BlOTOPE 

"Sandy mud beneath mangrove roots." (Garth, 
1946.) 

S Y M P A T R I C A S S O C I A T E S 

"£/. helleri and U. galapagensis Rathbun are found 
in separate colonies and on separate islands except at 
Academy Bay, where they occur in adjacent coves." 
(Garth, 1946.) 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca helleri Rathbun, 1902 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
24829. Distinguished from 2 smaller males in same 
jar under same number by Rathbun's measurements. 

Additional type material, same jar and number: 1 
ovigerous female. Type-locality: Mangrove Point, 
Narborough I., Galapagos. Measurements above. (!) 
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REFERENCES AND SYNONYMY 

Uca (Celuca) helleri Rathbun, 1902 

Uca helleri 

TYPE DESCRIPTION. Rathbun, 1902.3: 277; PI. 12, 
Figs. 3, 4. Galapagos Is. (USNM !) 

Rathbun, 1918.1: 415; Text Fig. 170; PI. 151. 
Galapagos Is.: Narborough and Tower Is. Taxon
omy. 

Boone, 1927: 278; Text Fig. 98. Galapagos Is.: 
Tower I. 

Crane, 1941.1: 198; Text Fig. 4r. No new mate
rial. Taxonomy. 

Garth, 1946: 517; PL 87, Figs. 5, 6. Galapagos 
Is.: Indefatigable I. (Academy Bay); Albemarle I. 
(Black Bight); Tower I. (Darwin Bay); Narborough 
I. (Mangrove Point). 

Uca leptochela leptochela (not Uca leptochela Bott, 
1954) 

Bott, 1958: 210. Galapagos Is.: Indefatigable I. 
(Frankfurt !) 
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52 UCA {CELUCA) LEPTOCHELA BOTT, 1954 

(Tropical eastern Pacific: El Salvador; Galapagos Islands) 

FIGURE 71 E. TABLE 9. 
MAP 15. 

INTRODUCTION 

This little-known species, Uca leptochela, has been 
recorded from El Salvador. It appears to be closely 
related to Uca dorotheae. A similar form, established 
as a subspecies, was collected in the Galapagos. 

M O R P H O L O G Y 

Diagnosis 

Apparently about as in dorotheae, except for a nar
rower gape on the minor cheliped and, on the gono-
pod, a wider distal pore that lacks a marginal pro
tuberance (data from Bott, 1954, Text Fig. 20 and 
Bott, 1958, Text Fig. 2 ) . Armature, if any, on ante
rior aspect of 1st ambulatory unknown. 

S O C I A L B E H A V I O R 

Waving Display 

(Data from Peters, 1955: 441.) About as in doro
theae, with a distinct pause at the peak; the tempo, 
however, is much slower, the wave itself lasting up 
to 1.5 seconds exclusive of pause at peak, which 
Peters timed at about 0.7 second. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca leptochela Bott, 1954 

HOLOTYPE. In Forschungsinstitut Senckenberg, 
Frankfurt a.M. Male, cat. no. 2072. Type-locality: 
Puerto el Triunfo, El Salvador. Measurements in 

REFERENCES AND SYNONYMY 

Uca (Celuca) leptochela Bott, 1954 

Uca leptochela 

TYPE DESCRIPTION. Bott, 1954: 176 (part); Text 
Fig. 20; PI. 18, Figs. 19a, b. El Salvador. (Not 2 of 
paratypes; see under type material.) 

Peters, 1955: 441; Text Fig. 10. El Salvador. 
Waving display. Frontal view in illustration, a photo, 

mm: length 6; breadth 9 (Bott). (!; incomplete ex
amination only.) 

Additional Type Material. Of 5 paratype males from 
the type-locality in the same institution (cat. no. 
2073) at least 2 are juvenile examples of U. festae; 
each was distinguished in particular by the presence 
of a developed thumb on the gonopod and a pro
tuberance on the margin of its pore. (!) 

Uca leptochela eibl Bott, 1958 

HOLOTYPE AND PARATYPES. In Forschungsinstitut 
Senckenberg, Frankfurt a.M. Male, cat. no. 2535. 
Type-locality: Tower I., Galapagos. Measurements 
in mm: length 8, breadth 11. The distinctness of this 
specimen remains at present in question; accompany
ing the type description (1958: 210) are 2 draw
ings, Text Fig. 1 showing the outside of a major 
propodus and dactyl and Text Fig. 2 depicting the 
tip of a gonopod. Neither one is stated to be drawn 
from the holotype, and the claw appears certainly to 
be that of one of the paratypes, at least 2 of which 
are unquestionably juvenile examples of U. galapa-
gensis. The figure of the gonopod shows the oblique 
shelf representing the thumb, characteristic of both 
the mainland holotype of leptochela and the Galapa
gos species, helleri, as well as other mainland species; 
unlike helleri it does not show a marginal protuber
ance. 

Additional Type Material. In same institution: para
types (cat. no. 2541): "many males and females" 
(Bott) from the type-locality. See reidentification of 
2 males, (!), received on loan, above. 

is taxonomically helpful, showing inside of major 
cheliped, etc. 

Uca leptochela eibl 

TYPE DESCRIPTION. Bott, 1958: 210 (? part); ? Text 
Fig. 2; not Text Fig. 1. Galapagos. (Not 2 of para
types; see under type material.) 
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53. UCA (CELUCA) DOROTHEAE VON HAGEN, 1968 

(Tropical eastern Pacific) 

PLATE 37 A-D. MAP 15. 
FIGURE 71 F. TABLES 9, 10, 20. 

INTRODUCTION 

Uca dorotheae appears to hold an interesting posi
tion in the subgenus, intermediate between members 
of the group that includes the superspecies crenulata 
with its allies and that composed of beebei and 
stenodactylus. Although in the most specialized parts 
of its armature, on the upper manus and anterior 
ambulatory, dorotheae resembles beebei, its more 
basic structures, as well as the form and tempo of its 
waving display, have more in common with, for ex
ample, cumulanta or festae. Its closest relation may 
well prove to be the Salvadorean form of leptochela, 
at present poorly known. 

Like beebei and several other Celuca, displaying 
males of dorotheae sometimes build pillars or hoods. 

M O R P H O L O G Y 

Diagnosis 
Front moderately wide, its distal margin strong. 
Small cheliped in both sexes with the serrations 
minute and similar to absent and with gape of mod
erate but variable width. Major manus outside bent 
sharply and flattened subdorsally, but without a sepa
rate, longitudinal convexity adjoining the narrow, 
flattened area; palm with the usual 2 predactyl ridges; 
gape wider than pollex base. 1st ambulatory on ma
jor side with minute tubercles on anterior surface of 
distal merus, carpus, and proximal manus; middle 
ambulatory meri moderately long and slender. Gono-
pod with thumb represented by an oblique shelf; a 
low protuberance on margin of pore. Female with
out pile on sides of carapace posteriorly. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 3.5 times 
in that of carapace. Antero-lateral margins poorly 
marked, straight or slightly concave, angling into 
dorso-lateral margins which, immediately behind 
angle, become obsolescent to absent. One or both 

pairs of postero-lateral striae variable on the two 
sides, weak, or absent. Vertical lateral margin weak 
ventrally, obsolescent to absent in dorsal part. Cara
pace profile practically semi-cylindrical, grooves not 
well marked, no external division between hepatic 
and branchial regions, which are little arched above 
level of surrounding carapace. Frontal margin distal-
ly usually strongly marked (only moderately so in 
holotype). Eyebrow broad, about equal to diameter 
of adjacent part of depressed eyestalk. Suborbital 
margin with crenellations small, low, and close set, 
although not contiguous, internally, but changing 
rather abruptly to much broader and higher near 
antero-external angle; they continue to be close set 
(unlike for example in beebei and festae), complete
ly around outer orbital margin as far as channel. 
Lower side of antero-lateral angle rounded, with or 
without a tubercle. 

Major Cheliped. Merus: Rugosities weak. Antero-
dorsal margin strongly arched and moderately thin 
throughout; proximal portion unarmed, distal finely 
serrate. Carpus with about 5 to 8 tubercles on proxi
mal part of anterior margin. 

Manus: Bending of outer, upper surface strong 
and markedly flattened, but the bending commences 
more dorsally than usual and is abrupt; no secondary 
longitudinal convexity in area of the bend. Outer 
tubercles small, largest dorsally, a few sometimes en
larged also at base of gape; not absent adjacent to 
dorsal margin, although they show an irregularly 
rugose arrangement on the entire flattened area. Dor
sal, outer groove absent. Dorsal margin proximally, 
where it coincides with upper edge of carpal cavity, 
distinct, smooth; distal to carpal cavity indefinite, 
merging with upper palm, and marked only by an 
irregular band of small tubercles. Area outside pollex 
base with a shallow, indistinct depression, without 
definite boundaries; no beaded keel below it or con
tinuing along side of pollex. Lower margin with a 
beaded edge and faint adjacent outer groove, the 
groove ending at pollex base, and the beaded edge 
either ending with it or continuing slightly beyond. 

Palm with lower triangle slightly concave in cen
ter, especially distally, almost smooth in upper half 
but with lower covered with minute tubercles in ir-



276 U. (CELUCA) DOROTHEAE 

regular, vertical bands. Oblique ridge, including 
apex, low but strongly tuberculate, in a multiple row, 
irregular and variable, extending up around distal 
margin of carpal cavity. Carpal cavity with ventral 
margin low, moderately thick, the sides not steep; 
distal margin of cavity low, the slope gradual; inner, 
beaded edge of proximal dorsal margin not curving 
downward, but cavity is cut off from predactyl area 
by the continuing tubercles of upper section of 
oblique ridge and by the tubercles that are occasion
ally present on upper palm, the two sets being in this 
upper region then wholly merged. Predactyl area 
mostly smooth, as is lower part of center palm, the 
two regions being separated by the convex upper cen
ter palm. Both predactyl ridges well developed. 

Pollex and dactyl: Dactyl slightly arched through
out; pollex varying somewhat in ventral profile from 
straight to slightly convex. Gape slightly to much 
wider than adjacent pollex. Pollex, although it lacks 
an outer beaded keel on lower, outer side, is marked 
by a broad, blunt, submarginal ridge that merges in 
distal portion with the ventral margin and through
out accentuates a very shallow, broad depression— 
it is not distinct enough to term a groove—that runs 
practically entire length of middle of outer surface. 
Dactyl with outer, proximal, subdorsal groove ex
tremely short, almost absent, surrounded by irregu
lar tubercles that continue for a short distance beyond 
it near margin. Surfaces of pollex and dactyl very 
finely granulate proximally outside, smooth distally 
and throughout inner surfaces. On gape, outer and 
inner rows are similar on both pollex and dactyl, be
ing composed of very minute tubercles spaced widely 
proximally but close set distally; tubercles of median 
rows, although much larger, are still small, the row 
complete in both pollex and dactyl, the form of the 
tubercles rounded and similar in proximal half, less 
so in distal, with a slightly enlarged tubercle at about 
middle of pollex and, sometimes, a series of sepa
rated, similar tubercles in its distal half; dactyl usual
ly with at least one or two slightly enlarged tubercles 
toward middle; pollex tip simple; dactyl without a 
subdistal crest. Gape pile plentiful. 

Minor Cheliped. Notable for the variable width of its 
gape, which in other species is a reliable taxonomic 
character. In dorotheae, the variation is not extreme, 
however, but only from moderately narrow to mod
erately broad. Mano-pollex ridge strong. Prehensile 
edges with serrations minute to practically absent; 
when present they are similar in size, none ever en
larged, and the gape never narrow enough for them 
to be in contact. Tips of chela not extremely slender, 
articulating well. 

Ambulatories. Moderately long and slender, being 
intermediate in proportions between those of beebei 
and stenodactylus. 1st merus, carpus, and manus 

anteriorly on major side with bands of minute, irreg
ular tubercles. On the merus the band occurs distally; 
on carpus the multiple row of tubercles extends 
throughout its length; on manus it is confined to a 
small patch proximally, although some roughness 
may extend among the setae which arise in the usual 
row more distally. 

Gonopod. Flanges absent, pore large, its internal 
(anterior) lip lower than the external and without a 
definite, low projection. Inner process flat, triangular, 
about reaching pore. Thumb absent, represented 
only by a shelf slanting obliquely toward base of 
appendage. 

Abdomen. 3rd to 6th abdominal segments with traces 
only of partial fusion. 

FEMALE 

Suborbital crenellations not stronger than in male. 
No pile on sides of carapace posteriorly. Since the 
general characteristics of front, small chelipeds, sub
orbital crenellations and leg proportions apply to 
both sexes, they serve adequately for diagnosis. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male 
(Puerto Bolivar) 8.2 13.5 24.0 17.5 

Moderate male 
(Puerto Bolivar) 6.5 11.0 17.5 12.0 

Largest female 
(von Hagen; Peru) 7.3 11.7 

Smallest ovigerous female 
(von Hagen; Peru) 6.3 9.8 

Morphological Comparison and Comment 

Although its specific characteristics are of course 
unique in combination, dorotheae lacks unusual 
structures of diagnostic help. The nearest approach 
is the presence anteriorly on the 1st major ambula
tory of tubercles on three, not only on the one or two 
segments where they occur in other species with simi
lar armature. From the superficially similar beebei it 
can be most easily distinguished by the strong, distal 
border on the front combined with the lack of en
larged tubercles in the small cheliped's gape. 

Color 

Displaying males: Display whitening moderately de
veloped in some individuals in Puerto Bolivar, Ecua
dor, in April (personal observation), but without 
definite display lightening in Puerto Pizarro, Peru 
(von Hagen). In both localities the color was other
wise similar, the carapace being in general olive green 
speckled with yellow; eyestalks olive green; major 
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cheliped with brownish red to wine red on lower parts 
of all segments of major cheliped inside and out, ex
cept, as usual, for most of the white pollex; red 
also on the anterior parts of major meri on 1st, 2nd, 
and 3rd legs. Upper parts of major cheliped, except 
for white dactyl, apparently usually lightening only 
to yellowish brown. Von Hagen noted one or two 
brown spots on distal part of posterior sides of all 
ambulatories. 

S O C I A L B E H A V I O R 

Waving Display 

Wave lateral, straight, or, at high intensity, circular. 
Jerks absent; pause at peak strongly present; there 
is no drumming against either carapace or ground 
and the cheliped does not vibrate in the air. Minor 
cheliped usually makes a corresponding motion. 
Body raised and lowered with every wave except at 
highest intensity. In response to a wandering female 
a displaying crab sometimes runs rapidly from side 
to side, or approaches her in zigzags, his cheliped 
held motionless in the air, somewhat as in steno-
dactylus. Duration of single wave: slightly more than 
1 second. (Component nos. 4, 5, 9, 10, 12.) 

Pillar Construction 

In Peru, von Hagen found that many waving males 
constructed pillars similar to those of beebei 
(1968.2: 431; Text Fig. 18). 

REFERENCE 

Uca (Celuca) dorotheae von Hagen, 1968 

Uca dorotheae 

TYPE DESCRIPTION, von Hagen, 1968.2: 429; Text 
Figs. 11, 12a, 18. Peru. Color; waving display; pil
lars. (Leiden !) 

RANGE 

Tropical eastern Pacific; known from the following 
localities: Canal Zone: Balboa. Ecuador: Puerto 
Bolivar. Peru: Puerto Pizarro. 

BlOTOPES 

Sheltered flats and the sloping banks of lagoons, on 
sandy mud to mud. (Biotope no. 11.) 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 610.) 

Observations and Collections. Canal Zone (2 speci
mens; not seen in life); Puerto Bolivar, Ecuador. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca dorotheae von Hagen, 1968 

HOLOTYPE. In Rijksmuseum van Natuurlijk Historie, 
Leiden. Male, cat. no. D 23054. Measurements in 
mm: length 7.1; breadth 11.7; propodus 19.7 (von 
Hagen). Type-locality: Puerto Pizarro, Peru. (!) 

Additional Type Material. In same institution: 25 
male and female paratypes, cat. no. D 23055; same 
locality. (!) 
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54. UCA {CELUCA) BEEBEI CRANE, 1941 

(Tropical eastern Pacific) 

PLATES 37 E-H; 50 B. MAP 16. 
FIGURES 40 C, D; 49 C, D;71A;93; 101. TABLES 9, 

INTRODUCTION 

Adapted to a number of common habitats, Uca bee-
bei is probably the most abundant of all the fiddlers 
within its range, even though its local populations are 
often rather small. As with lactea in the Indo-Pacific, 
several dozen individuals sometimes thrive on bits of 
suitable shore only a few meters long. 

In most places, green on the carapace and purplish 
brown on the lower cheliped distinguish displaying 
males at a glance among any variety of species. The 
extremely rapid, simple, "beckoning" wave makes an 
even better recognition mark, reliable even in popu
lations in which display white is prevalent. Once it 
has become familiar, this rhythm will identify the 
crab as far as it can be seen. 

M O R P H O L O G Y 

Diagnosis 

Front moderately wide, its distal margin obsolescent. 
Small cheliped in both sexes with large, uneven ser
rations in its narrow gape. Major manus outside with 
a subdorsal, longitudinal convexity adjoining its flat
tened area; palm with only one predactyl ridge. 1st 
ambulatory on major side with minute tubercles on 
anterior surface of carpus and manus but not on dis
tal merus; middle ambulatory meri moderately broad. 
Gonopod with thumb represented by an oblique 
shelf; no protuberance on margin of pore. Female 
without pile on posterior sides of carapace. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained 4 times or less 
in that of carapace. Antero-lateral margins slightly 
concave, divergent, angling into dorso-lateral mar
gins, which are weak or obsolescent and end before 
middle of cardiac region. Each of the single pair of 
postero-lateral striae is either very weak or obso
lescent. Vertical lateral margin obsolescent or absent 
in dorsal portion. Carapace profile practically semi-
cylindrical, grooves not well marked, with no exter
nal division between hepatic and branchial regions; 

, 12, 19, 20. 

these regions are, however, little arched above level 
of rest of carapace. Frontal margin distally obso
lescent or absent. Eyebrow broad, about equal to 
diameter of adjacent part of depressed eyestalk. Sub
orbital margin with crenellations small, low, and close 
set internally, changing gradually to broader, higher, 
and separated near antero-external angle; they con
tinue, widely separated, around outer orbital margin 
as far as channel. Lower side of antero-lateral angle 
rounded. 

Major Cheliped. Merus: Rugosities weak. Antero-
dorsal margin strongly arched, only the distal portion 
showing little curvature; proximal portion a low, 
blunt ridge, unarmed; distally less a distinct ridge and 
variably minutely serrate or tuberculate. Carpus: 
About 5 or 6 distinct tubercles on proximal part of 
anterior margin. 

Manus: Bending of outer, upper surface strong 
and markedly flattened, but with a secondary longi
tudinal convexity that starts, variably, near level of 
middle of dorsal margin above carpal cavity, runs 
midway between beginning of bend and margin, and 
ends at dactyl base. Outer tubercles small, showing 
little difference in size, slightly larger along secondary 
convexity and at base of gape; absent adjacent to 
dorsal margin. Dorsal, outer groove distinct proxi-
mally, weak to absent distally. Dorsal margin proxi-
mally, where it coincides with upper edge of carpal 
cavity, thick and convex, covered with small tuber
cles; distal to carpal cavity indefinite, convex, irreg
ularly tuberculate, usually not set off clearly from 
either outer manus or upper palm. Area outside pol-
lex base with a large, distinct, triangular depression, 
continuing onto proximal part of pollex, covered with 
very minute tubercles and bounded ventrally by a 
beaded keel traceable throughout pollex. Lower mar
gin with a row of small, close-set tubercles traceable 
throughout length of pollex. Ventral, outer groove 
slight, present proximally only. 

Palm with lower triangle covered with extremely 
minute tubercles, very slightly larger near ventral 
margin, with some in highly variable arrangements of 
short bands, leaving smooth areas between, either as 
vertical spaces or minute cells. Oblique ridge high 
throughout, the apex relatively moderate, being a lit
tle lower than middle part of ridge; tubercles largest 
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on this middle part; they continue upward from apex 
around the much lower edge of carpal cavity, always 
small and highly variable in arrangement and extent. 
Carpal cavity with ventral margin only moderately 
thick, the sides being steep; edge itself, however, is 
blunt; distal margin of cavity low, the slope being 
gradual; inner, beaded edge of proximal dorsal mar
gin curving downward, partly setting off carpal cavity 
from predactyl area; cavity, which wholly lacks a 
distal extension, is also bounded by a broad, tuber-
culate ridge across proximal end of predactyl area. 
Predactyl area with a slight, smooth depression, set 
off from the smooth center palm only by a convexity. 
Distal predactyl ridge and tubercles wholly absent; 
proximal well developed, continuing as usual outer 
prehensile row of pollex although sometimes with a 
short, tubercle-free space between its lower end and 
prehensile row. 

Pollex and dactyl: Dactyl notably straight, not 
arched, before distal end, which as usual curves down 
slightly beyond pollex. Gape slightly wider than ad
jacent pollex. Outer keel that starts below depression 
at pollex base continued along most of lower part of 
pollex. Dactyl with outer, proximal, subdorsal groove 
short, surrounded by several rows of minute tuber
cles which converge and continue near margin for a 
short distance. Surfaces of pollex and dactyl both 
covered with extremely minute tubercles except along 
middle of inner sides; irregular rows of tubercles 
curve around outside proximal end of gape. On gape, 
outer row of tubercles complete in both pollex and 
dactyl; inner row on both in distal part is a virtually 
non-tuberculate keel; median row on pollex absent; 
median row on dactyl distally set on a minute crest, 
marked outside by a crease at base of the minute, 
sharp, regularly diminishing tubercles. Pollex tip sim
ple. Gape pile plentiful. 

Minor Cheliped. Notable for weakness of all ridges 
and armature, except for serrations and teeth of pre
hensile edges; even mano-pollex ridge is weak. Manus 
and fingers broad; fingers little longer than palm. 
Gape at base narrower than pollex, decreasing dis
tally. Prehensile edges serrate and, in middle por
tion, coarsely toothed, although rarely (including in 
holotype) the serrations are low and appear worn; 
sizes and arrangement variable; usually, however, the 
region has three or four large teeth in middle of each 
prehensile edge, flanked by fine serrations which ar
ticulate almost or completely. 

Ambulatories. Short, with moderately broad meri, in 
comparison with the ambulatories of stenodactylus. 
3rd merus on minor side extending about a quarter 
of its length beyond antero-lateral angle when laid 
forward, its breadth equal to about two-fifths of its 
length. 2nd and 3rd meri with dorsal margins slight
ly convex to almost straight. 1st merus, carpus, and 
manus anteriorly on major side with a band of 

minute, irregular tubercles; the band occurs on 
median distal part of merus and, on carpus and 
manus, on lower half of each segment; at most, each 
row is about 6 tubercles wide; considerable variation 
is shown in this armature, the tubercles being some
times absent on the manus and, especially in northern 
populations, may consist of single rows on the carpus. 

Gonopod. Flanges absent, pore large, its internal 
(anterior) lip lower than the external, without a pro
jection. Inner process fiat, triangular, about reaching 
pore. Thumb absent, represented only by a row of 
bristles, set far proximal to base of corneous tip and 
arising from a shelf slanting obliquely toward base 
of appendage. 

Abdomen. 3rd to 6th abdominal segments incom
pletely fused. 

FEMALE 

Suborbital crenellations not stronger than in male. 
No pile on sides of carapace posteriorly. Carapace 
dorsally very finely granulate. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male (Ecuador) 8.0 13.0 22.5 17.5 
Holotype male 

(Canal Zone) 7.4 10.4 19.2 
Moderate male 

(Canal Zone) 5.5 9.0 17.0 11.0 
Largest female (Canal 

Zone) (paratype) 7.9 
Largest ovigerous female 

(Canal Zone) 
(paratype) 5.2 - -

Smallest ovigerous female 
(von Hagen; Peru) 4.2 6.5 - -

Morphological Comparison and Comment 

Comparisons with beebeVs two closest relations, 
dorotheae and stenodactylus, appear on pp. 275 and 
283. The nearer affinity of beebei seems unquestion
ably to be with stenodactylus. 

Color 

Displaying males: Display whitening usually absent 
but fully developed at least at Puerto Bolivar, Ecua
dor. The usual, dark form is as follows. Carapace 
anteriorly brilliant iridescent green (turquoise blue 
in Puerto Bolivar), posteriorly gray. Major cheliped: 
outer lower merus, carpus, and manus, as well as 
lower palm, purple to purplish brown; upper outer 
manus and upper palm varying from ochraceous yel
low to rose pink; anterior merus and mid-palm, gray; 
fingers sometimes yellow proximally, otherwise en
tirely white. Ambulatories gray except as follows: on 
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major side, coxa and proximal merus usually purple 
both anteriorly and posteriorly; corresponding parts 
on minor side sometimes greenish. Females with 
dark mottlings or spots on a somewhat lighter 
ground. 

SOCIAL BEHAVIOR 

Waving Display 

Wave lateral, straight, or, at high intensity, strongly 
circular, the chela tip reaching well above the eyes. 
Cheliped brought down abruptly, but jerks are ab
sent; also absent is a pause at the peak; there is no 
drumming against either carapace or ground and the 
cheliped does not vibrate in the air. Minor cheliped 
usually makes a synchronous motion. Body normally 
held fairly high and not further raised during display, 
although the carapace is often slightly raised in front 
and depressed posteriorly during high intensity dis
play, and by individuals living in soft mud. In court
ship the crab sometimes revolves before the female 
during waving, thus from time to time presenting a 
view of his carapace and posterior ambulatories, 
often brightly colored to human eyes, toward the fe
male. This action occurs so frequently that it should 
probably be considered an integral part of the spe
cies' display. During many waves one or more ambu
latories are kicked upward, their meri not in contact. 
Display appears exceptionally vigorous and the mo
tion is faster than that of any other species with a 
broadly circular wave, the fastest rate being at more 
than 2 to the second and the waves continuing with
out pause in series that sometimes attain 20 or more. 
(Component nos. 4, 5, 9, 11 modified, 12; timing 
elements in Table 19, p. 656.) 

Altogether absent in beebefs display is the racing 
to and fro with cheliped held aloft, as well as any 
herding of females; both of these activities are char
acteristic of stenodactylus. 

Precopulatory Behavior 

As usual in American fiddlers, the female character
istically follows the male down his burrow. As in a 
number of other species, however, atypical surface 
mating has been observed. Twice a male and female 
were seen in the copulatory position close to the fe
male's burrow. In each case the male was a mature 
burrow-holder, not an aggressive wanderer, and the 
female did not have her legs stiffened in the non-
receptive position. 

Hood and Pillar Construction 

Of six species of Celuca known to build pillars or 
hoods, those of beebei are among the most variable 
and the least well formed. As in the other species, 

they are constructed only by males in display condi
tion, only by some displaying males in a population 
on a given day, and are known to occur in only a few 
of the numerous populations that have been ob
served. In beebei I have seen them only in and near 
Panama City, and in part of a population in Golfito, 
Costa Rica. In both localities pillars were formed 
almost altogether by individuals living on muddy 
sand, not mud, the consistency of the mud being un
suitable during the hour or so before low tide, when 
most construction is undertaken; during that period 
the moisture has not drained fully away. In beebei 
the shapes sometimes attain the form of definite 
hoods arching over the hole; more often they are pil
lars, partly smoothed and with only a slight hollow 
on the side facing the burrow mouth; sometimes they 
are merely low cones, scarcely higher than the build
er, with the individual packets of which they are 
made showing plainly on their surface. 

Acoustic Behavior 

The following components have been observed in the 
field and recur in films: minor-merus-rubs (compo
nent no. 2) and leg-wagging (5) , with contact be
tween the meri clearly visible. Minor-merus-drums 
(8) probably occur, but the filmed record is indis
tinct. Since appropriate armature is well developed 
on both major palm and 1st ambulatory, the inclu
sion of palm-leg-rubs (4) in the repertory is inferred 
on morphological grounds. 

R A N G E 

Pacific coast of El Salvador to northern Peru. 

BlOTOPES 

This species occurs in a variety of habitats. It is most 
abundant on muddy sand that is often mixed with 
small stones, near mangroves, on sheltered fiats 
around and within the mouths of streams, and usual
ly below mid-tide levels; also common in similar sur
roundings on substrates of sandy mud or mud, often 
mixed with stones; occasionally on more open mud 
flats close to mangroves; rarely among mangrove 
shoots. (Biotope nos. 6, 8, 9, 11, 12, 14.) 

S Y M P A T R I C A S S O C I A T E S 

Uca beebei often mingles marginally with its close 
relation, stenodactylus, although most of any such 
population of beebei occurs nearer to low-tide levels. 
The species associates more or less closely in individ
ual localities with one or more of all the other Celuca 
in the tropical Eastern Pacific except those living well 
up tidal streams. These occasional associates include 
batuenta, saltitanta, oerstedi, inaequalis, limicola, 
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latimanus, and, rarely, musica terpsichores. Among 
other subgenera, (Uca) heteropleura and stylijera 
often share muddy sand beaches with beebei, while 
young ornata occur with it in the mud. Species of 
Minuca are almost always represented only adventi
tiously, or in immature stages, in populations of 
beebei. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 610.) 

Observations and Collections. Nicaragua: Corinto. 
Costa Rica: Puntarenas; Golfito. Panama and Canal 

REFERENCES AND SYNONYMY 

Uca {Celuca) beebei Crane, 1941 

Uca stenodactylus (not Gelasimus stenodactylus 
Milne-Edwards & Lucas, 1843) 

Rathbun, 1918.1: 417 (part); PL 152, Fig. 3; 
PL 153. Smithsonian Institution, National Museum 
of Natural History, Washington. Cat. no. 32322. 
Costa Rica: Puntarenas. Taxonomy. (USNM !) 

Uca beebei 

TYPE DESCRIPTION. Crane, 1941.1: 192; Text Fig. 
4p; PL 4, Fig. 16; PL 5, Fig. 20; PL 6, Fig. 27. 
Corinto, Nicaragua to Old Panama, Panama. Color; 
waving display; pillar construction; general habits. 
(USNM !) 

Zone: Bahia Honda; Panama City; Old Panama; 
Balboa. Ecuador: Puerto Bolivar. 

TYPE MATERIAL AND NOMENCLATURE 

Uca beebei Crane, 1941 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137413 (formerly New York Zoological Society cat. 
no. 4129). Type-locality: La Boca, Balboa, Canal 
Zone. (!) 

Additional Type Material. 16 male and female para-
types in same institution, cat. no. 137414 (formerly 
New York Zoological Society cat. no. 4130). (!) 

Crane, 1944: Color change. 
Holthuis, 1954.1: 41. El Salvador. 
Holthuis, 1954.2: 162. El Salvador. 
Altevogt & Altevogt, 1967. E 1289. Film of wav

ing display. 
von Hagen, 1968.2: 432; Text Fig. 12b. Peru: 

Puerto Pizarro. 

Uca stenodactyla beebei 

Bott, 1954: 175; Text Fig. 17; PL 18, Figs. 17a, 
b. El Salvador: Puerto el Triunfo; Rio Zunzal. Tax
onomy. (Frankfurt !) 

Peters, 1955: 432 ff.; Text Figs. 2, 20, 50, 51. El 
Salvador. Morphology controlling claw-bending; 
waving display; pillar construction; ecology. 
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55. UCA (CELUCA) STENODACTYLUS (MILNE-EDWARDS & LUCAS, 1843) 

(Tropical, and perhaps subtropical, eastern Pacific) 

PLATES 38 A-D; 50 B. 

FIGURES 24 K-M; 25 D-F; 27 K, L; 30 C, D; 32 D-F; 

34 D; 35 G, H; 36 E; 37 O; 45 S-UU; 46 P; 47 £, F; 
48 E, F; 53 D; 71 B; 81 L; 101. 

INTRODUCTION 

A striking sight when he is in full display, a male 
Uca stenodactylus often races to and fro, holding a 
great pink claw high overhead or stretching it to the 
side as he chivies a small female toward his burrow. 

One of the most interesting aspects of the species 
is the coincidence of much of its range with that of 
its closest relation, beebei. Often, as in the alliance 
that includes batuenta and its relations, the spe
cies mingle at least marginally in the same biotope. 
Understandably they have been confused in collec
tions, or not given full specific status because of their 
close morphological similarities. Yet, once distin
guished, there is no question of their separateness, 
even when the contrasts of their appearance in life 
and of their displays have not been encountered. 

M O R P H O L O G Y 

Diagnosis 

As in beebei excepts as follows. Major manus with 
subdorsal, longitudinal convexity less pronounced 
and without a smooth area above it; dactyl slightly 
arched throughout, instead of curving downward 
only distally. 1st ambulatory on major side with 
minute tubercles of anterior surface obsolescent to 
absent; present if at all on carpus only. Middle am
bulatory meri slender, their dorsal edges almost 
straight in male; all ambulatories in both sexes nota
bly longer and more slender than in beebei. Small 
chelae in both sexes with finger tips more slender, 
pointed, not meeting exactly. Gonopod with thumb 
represented by a transverse shelf or a short stump, 
not by an oblique shelf. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Differs from beebei as follows. Orbits al
most straight; antero-lateral margins often not dis-

MAP 16. 
TABLES 9, 10, 12, 14, 19, 20. 

tinct from dorso-laterals but rounding smoothly into 
them. Carapace profile even more strongly convex, 
with the fused hepatic and branchial regions notably 
arched above level of surrounding carapace; the lat
ter extends slightly farther laterally than in beebei, 
so that its sides are vertical. Frontal margin distally 
weak but always complete. Eyebrow broader than in 
beebei, in most individuals distinctly more than equal 
to diameter of adjacent part of depressed eyestalk. 
Lower side of antero-lateral angle usually a distinct, 
though blunt, edge; sometimes microscopically gran
ulate. 

Major Cheliped. Merus: As in beebei, but rugosities 
except in smaller specimens are even weaker. Car
pus: Smooth except for fine granules distally on 
dorso-posterior surface; anterior margin with 10 or 
more tubercles which are proximally large and of ir
regular sizes, and distally very small and even. 

Manus: Very similar to that of beebei, except that 
there is no smooth area close to dorsal margin, while 
the ventral, outer groove is stronger and continues 
to base of pollex. 

Palm differs from that of beebei as follows: first, 
the tubercles of lower triangle, although slightly en
larged all along a narrow area above ventral margin 
as in beebei, are even larger in its distal portion, close 
to distal end of oblique ridge. Second, proximal ridge 
at base of dactyl, although lacking tubercles as in 
beebei, is better developed, as is the groove between 
it and distal ridge. 

Pollex and dactyl: Differ from beebei as follows. 
Dactyl slightly arched throughout, instead of being 
curved downward only distally. Gape accordingly is 
usually slightly wider. Dactyl with outer, proximal, 
subdorsal groove absent. 

Minor Cheliped. As in beebei, except that manus is 
less deep, the fingers are almost half as long again as 
manus and more slender, while the finger tips are not 
dilated but tapering, and not in contact (as in almost 
all other species of Uca) but with the tip of the dactyl 
falling inside that of the pollex, as is characteristic of 
major chelipeds. Again as in beebei, the enlarged 
teeth, and more rarely the serrations as well, occa-
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sionally appear worn or damaged, especially in large 
specimens. 

Ambulatories. Differ from those of beebei in having 
the legs longer and the meri more slender; 3rd merus 
on minor side reaches more than half its length be
yond antero-lateral angle when laid forward, its 
breadth about a fourth to a third of its length. 1st 
carpus and 1st manus anteriorly on major side with 
tubercles obsolescent, represented if at all by a few 
irregular tubercles on carpus only. 

Gonopod. Differs from beebei in having the thumb 
represented by a horizontal shelf, which occasionally 
is produced as a short stump, especially in larger 
specimens; the shelf is never oblique. 

Abdomen. 3rd to 6th abdominal segments incom
pletely fused. 

FEMALE 

In stenodactylus the females are most readily dis
tinguished from those of beebei by their long, slender 
ambulatories and, on the chelae, by the narrow, 
pointed tips that do not come into contact, as de
scribed above under male. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Lectotype male (Chile) 
Largest claw (body not 

secured) (Nicaragua) 
Large male (Nicaragua) 
Moderate male 

(Nicaragua) 
Largest ovigerous female 

(von Hagen; Peru) 
Smallest ovigerous female 

(Nicaragua) 

10.5 

-
8.0 

7.0 

7.2 

5.1 

16.0 

-
13.0 

11.0 

11.3 

33.0 

30.0 
21.5 

19.0 

-

-

24.0 

22.0 
16.0 

14.0 

-

-

Morphological Comparison and Comment 

Although they are superficially similar and obviously 
closely related, stenodactylus and beebei appear 
wholly distinct even in preservative, once several 
points of difference have become familiar. The most 
easily and quickly observed are, first, the contrast 
between the general form of the ambulatories, which 
are contrastingly long and slender in stenodactylus; 
in this comparison the breadth of the last ambulatory 
merus, often helpful in such comparisons, should be 
disregarded, since it is relatively slender in both spe
cies, the dorsal margin being almost straight. Second, 
the tips of the small chelae are so reliably different 
that in the field their examination scarcely calls for a 
hand lens, the slender, crossed tips of the closed 
chela showing clearly in stenodactylus. In the labora
tory the gonopods' slight difference, consisting wholly 

of the shape of the vestige that represents the thumb, 
proves trustworthy. (See also p. 218.) 

Color 

Displaying males: Display whitening apparently 
never fully developed dorsally although present on 
regions below the eyes and on parts of the chelipeds. 
Dorsal part of carapace gray blue to intense violet 
blue anteriorly, pale pink to white posteriorly. Major 
cheliped: Outer and inner merus and carpus yellow
ish white to white. Outer lower manus and outer pol-
lex violet pink to pink; outer upper manus and outer 
dactyl pinkish white to white; palm pale orange pink; 
inner pollex and inner dactyl scarlet orange to orang-
ish white. Eyestalks lemon yellow. 3rd maxillipeds, 
suborbital area and pterygostomian regions greenish 
or yellowish white. Minor cheliped with merus and 
carpus yellowish, manus and chela pink or pale or
ange. Ambulatories anteriorly flame scarlet, the 
merus brightest; posteriorly pale rose pink, the 3rd 
and 4th duller. For course of color development be
fore display, cf. p. 467. Females dark, mottled or 
spotted; chelipeds with manus and chela white to 
violet; eyestalks often yellow. 

SOCIAL BEHAVIOR 

Waving Display 

Wave lateral, wholly or almost straight rather than 
circular. Starting from a flexed position well above 
the ground, the cheliped unflexes straight outward 
and only slightly upward, so that at its highest reach 
during moderate intensity waving the chela is only 
slightly above the eyes. No pause occurs at peak and 
no jerks, drumming, or aerial vibrations, the cheliped 
being flexed into rest position practically in the same 
plane as the one in which it was extended. Both major 
and minor chelae held slightly open. Minor cheliped 
makes a similar, synchronous motion. Body held 
raised throughout a single series. Ambulatories not 
raised during waves, except for the few rapid steps 
to one side or the other that are usually taken. Wave 
roughly only half as fast as in beebei, lasting more 
than a second except during highest intensity court
ship at burrow mouth. 

During the motion of an attentive female, particu
larly of a wandering individual, the form of the male's 
resultant display is unique in the genus. Ceasing to 
complete his waves, he races back and forth holding 
his large cheliped high overhead. Since a wandering 
female stimulates a number of neighboring males at 
once, a flash of quivering motion may sweep far 
across a group, more striking than in any other spe
cies I know. Sometimes one or more males lower the 
cheliped to a straight lateral position, chasing the 
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dodging females in the usual form of herding (p. 
496). Sometimes a male partly surrounds a pursued 
individual with his cheliped and seems actively to 
urge her toward his burrow; touching apparently 
does not occur and the observed females always soon 
escaped, either descending their own burrows nearby 
or continuing to wander through the population. 
Whether or not the pursued females are immature 
in this species, as in both vocans and lactea, has not 
been determined. (Component nos. 4, 9, 11, 14; 
timing elements in Table 19, p. 656.) 

Precopulatory Behavior 

Although, as in beebei, two pairs were seen in mat
ing position at the surface, the usual pattern con
forms to that characteristic of American crabs. Hav
ing attracted the attention of a female, the male 
speeds up his rate of waving at the mouth of his bur
row and descends, the female following. 

Once an apparent copulation, preceded by mutua1 

stroking, took place on the top of a female's chim
ney. 

Chimney Construction 

Chimney-building has been observed in only one 
group of adult, non-ovigerous females during a single 
low-tide period in the Canal Zone. As mentioned 
above, one copulation was observed on top of a chim
ney during the same observational period. The iden
tity of the builders, and of the copulating couple, was 
checked. No chimney building is known to occur 
elsewhere in Celuca, with the apparent exception of 
sporadic female cumulanta (p. 242). 

Acoustic Behavior 
As in beebei (p. 280). 

Combat 

The single filmed example shows a homoclawed, 
low-intensity, mutual combat composed of forceful 
manus-pushes alternating with manus-rubs (compo
nent 1). Both components were formed unusually, 
since during pushing the lower part of one manus 
came in contact with the upper part of the other, 
while during the ritualized rubbing the actor of the 
moment rubbed vertically (up and down), rather 
than longitudinally. During neither pushing nor rub
bing were the chelae in contact. At the end, both 
chelae, one after the other, made rough down-points, 
an uncommon threat motion observed additionally 
only in tangeri, maracoani, ornata, and inaequalis. 
Pushing was resumed during which one crab per
formed a leg-wag. Promptly thereafter his opponent 
backed away. 

RANGE 

From the Pacific coast of El Salvador at least to 
northern Peru. The type was reported to have been 
taken at Valparaiso, and Porter (1913: 316) wrote 
of eight more recent specimens: "We collected them 
on the beaches and bays of Valparaiso, Quintero and 
Algarrobo." Since then, however, the species has 
apparently not been found in Chile. 

BlOTOPES 

Characteristically found on the upper half of shel
tered beaches of muddy sand or sandy mud, or on 
salt flats more or less cut off from open water by 
mangroves and sometimes covered only by spring 
tides; stenodactylus shows, in fact, none of beebefs 
acceptance of more muddy substrates. (Biotope nos. 
5, 6, 11.) 

S Y M P A T R I C A S S O C I A T E S 

Occasionally small populations mingle marginally 
with beebei, which occurs in the zone below it on 
gently sloping shores. On salt flats no close associates 
are known. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 610.) 

Observations and Collections. Nicaragua: Corinto. 
Costa Rica: Port Parker; Golfito. Panama and Canal 
Zone: Panama City; Balboa. Ecuador: Puerto Boli
var. 

Films. Panama City. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Gelasimus stenodactylus Milne-Edwards & Lucas, 
1843 

TYPE-SPECIMEN. Museum National d'Histoire Natu-
relle, Paris. Male, listed as a type by the museum. 
Label: "Gelasimus stenodactylus Edw. & Luc. M. d' 
Orbigny. Valparaiso." Specimen dried but in good 
condition except for 2 missing ambulatories, the 3rd 
on the left side and the 4th on the right. When the 
gonopod was relaxed its characteristics agreed well 
with those of stenodactylus as described in this study, 
the thumb being represented by a minute nubbin, not 
by a slanting shelf. The entire specimen agrees well 
with the illustration of the type (1847, Atlas PI. 11, 
Fig. 2 ) . The only disagreement is in the larger size 
reported by the authors (length 13 mm; breadth 18 
mm; measurements of this specimen, 10.5 mm long, 
given above, p. 283). Except for a female, perhaps 
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belonging to another species, in the box with the 
male just described, no other type material, or any 
other similar material reported to be from Valpa
raiso, was found. (!) Apparently these 2 specimens 
are the cotypes examined by Rathbun (1918.1: 
417). 

Type Material of Gelasimus gibbosus Smith, 1870. 
In Museum of Comparative Zoology, Harvard Uni-

REFERENCES AND SYNONYMY 

Uca (Celuca) stenodactylus 
(Milne-Edwards & Lucas, 1843) 

Gelasimus stenodactylus 

TYPE DESCRIPTION. Milne-Edwards & Lucas, 1843: 
26; PI. 11, Fig. 2, 2a. Valparaiso. (Paris !) 

Nicolet, 1849: 165. Chile. Taxonomy; color. 
Milne-Edwards, 1852: 149. Taxonomy of type. 
Smith, 1870: 139. No new record. Listing of types. 
Cano, 1889: 234. Ecuador. 

Gelasimus gibbosus 

Smith, 1870: 140. Central America: Gulf of Fon-
seca. (MCZ !) 

Uca stenodactyla 

Porter, 1913: 315. Chile: Valparaiso: Quintero 
and Algarrobo. 

Crane, 1941.1: 195; Text Fig. 4q; PL 4, Fig. 15; 

versity, Cambridge, Massachusetts. Consists of holo-
type male only, cat. no. 5911. Type-locality: Gulf 
of Fonseca. Specimen in alcohol, in good condition, 
although most appendages are detached with some 
ambulatories missing. All of the specific characters 
are clear and agree excellently with those of steno
dactylus as described above. Gonopod with thumb a 
distinct, short stump. Measurements in mm: length 
9; propodus 24; dactyl 18. (!) 

PL 5, Fig. 21; PL 6, Fig. 28; PL 9, Figs. 41, 42. 
Nicaragua; Costa Rica; Panama; Canal Zone. 
(USNM !) Taxonomy; color; waving display; mat
ing behavior; habitat. 

Holthuis, 1954.2: 163. El Salvador. 
Garth, 1957: 107. Listing of Chilean records. 

Uca stenodactylus 

Rathbun, 1918.1: 416 (part); not PL 152, Fig. 3, 
or PL 153. Costa Rica; Panama. (USNM !) 

von Hagen, 1968.2: 433; Text Fig. 12c. Puerto 
Pizarro, Peru. 

Uca stenodactyla stenodactyla 

Bott, 1954: 173; PL 17, Fig. 16a; PL 18, Fig. 16b. 
Not Text Fig. 16. El Salvador. (Frankfurt !) 

Peters, 1955: 442fL; Text Figs. 11, 12, 25, 30, 
50, 51. El Salvador. Morphology controlling claw 
bending; waving display; ecology. 
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56. UCA {CELUCA) TRIANGULARIS (A. MILNE-EDWARDS, 1873) 

(Tropical Indo-Pacific) 

PLATE 38 E-L. 

FIGURES 24 / , J; 32 N, O; 50; 51; 59 A-C; 68 C-E; 101. 

INTRODUCTION 

Among the species of the subgenus Celuca recog
nized in this study, only triangularis and lactea occur 
in the Indo-Pacific. The species contrast with each 
other in several ways, forming a classic example of 
differences that occur between related forms snaring 
broadly coincident ranges. 

While lactea thrives in a variety of biotopes flooded 
regularly by tides of high salinity, triangularis in any 
locality lives only in one or two secluded habitats that 
are normally cut off from marine tides and often 
watered only by scarcely brackish streams. Never
theless populations of both species sometimes inter
mingle marginally and most are subject to mixing 
after the sudden local changes in terrain that result 
from floods, typhoons, and earthquakes. It is there
fore of special interest that in morphology they dif
fer strongly only in the tips of the gonopods, which 
show contrasting shapes and, it seems, must present 
a functional barrier to interbreeding. 

To an observer in the field, however, the most 
striking difference between the two lies in their levels 
of social activity. While lactea is highly active at suit
able seasons during at least one part of every lunar 
cycle, triangularis can only be called lethargic. It is 
clear from Altevogt's account (1957.1) that in south
east India the local subspecies has a season of wav
ing display well before the rains; Feest (1969) re
ports that in the same region two principal mating 
seasons exist, coinciding with the two monsoons. 
Although I checked a New Guinea population al
most daily for eight weeks during a period when the 
other Uca displayed regularly, in triangularis wav
ing by one and two individuals, respectively, was 
observed on only two days. Nocturnal social activity 
was not evident and even diurnal feeding and mov
ing about were usually minimal. Although my ac
quaintance with other populations—in Penang, in 
several parts of the Philippines, and in New Cale
donia—was confined to a few days in each locality, 
inactivity of the crabs was always the rule: half a 
dozen displaying individuals in Jolo and a single 
waving male near Noumea made the highlights of all 
the field work done on those particular days. In 
short, these fiddlers have proved to be so inactive 
under a wide variety of seasons, tidal rhythms, lunar 

MAP 7. 
TABLES 8, 10, 12, 20. 

phases, times of day and night, habitats, and geo
graphic localities that the more lethargic species of 
Deltuca seem almost lively in comparison. Keys to 
their obscure rhythms remain to be found, perhaps 
by someone lucky enough to have a window on their 
biotope and binoculars on his sill. 

M O R P H O L O G Y 

Diagnosis 

Front moderately broad. Merus of minor cheliped 
posteriorly flattened with a row of tubercles running 
along its lower surface, close above ventral margin; 
distally the row curves abruptly upward; in females 
the structures occur on both chelipeds. Orbits strong
ly slanting. Gonopod ending in a prolonged, slender, 
tapering tube, its flanges almost lacking and invisible 
without detailed examination. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 4.5 times 
in that of front. Orbits strongly oblique. Antero
lateral angles strongly acute, antero-laterally pro
duced. Antero-lateral margins absent, the dorso
laterals proceeding directly postero-internally in an 
unbroken line from the antero-lateral angle, strongly 
converging, ending opposite anterior edge of cardiac. 
Postero-lateral striae absent or, rarely, a single small 
one is detectable, chiefly by touch. Vertical lateral 
margin dorsally absent. Sides of carapace strongly 
convergent. Eyebrow narrow, about one-third diame
ter of adjacent part of depressed eyestalk. Floor of 
orbit with or without a tuberculate ridge, stronger on 
minor side. Suborbital crenellations low and contigu
ous internally, high and partly separated near antero-
external angle, continuing around outer orbital mar
gin but stopping before channel; largest on minor 
side. Lower side of antero-lateral angle moderately 
sharp with a row of spinules; because the antero
lateral angle is produced, this ventral margin forms 
a long edge. 
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Major Cheliped. Merus: Postero-dorsal margin ex
tending entire length of segment as an armed, distinct 
ridge; thick rugosities on proximal half or more; these 
change abruptly about at the crest of the usual con
vexity to a single row of small, sharp tubercles or ser
rations; the convexity is directed more dorsally than 
posteriorly and consists wholly of the strongly arched 
profile of the margin. Antero-dorsal margin scarcely 
arched. Posterior surface with minute tubercles 
rather than rugosities, which, however, tend where 
they are sparse to form linear arrangements; they are 
most numerous proximally and near both postero-
dorsal and ventral margins. 

Manus: Bending of outer, upper surface slight, 
without flattening. Outer tubercles on lower half of 
manus extremely minute, arranged in irregular, low, 
indistinct rugosities, some around shallow pits; a few 
of the pits give rise to single setae; tubercles close to 
dorsal, outer groove minute to absent; remaining 
tubercles of upper, outer half slightly larger than else
where, especially proximally, and not arranged in 
patterns. Dorsal, outer groove distinct, curving out
ward distally and ending just before dactyl base. Dor
sal margin with outer edge confluent with that of car
pal cavity only at extreme proximal end, distinct 
throughout entire margin, slightly thickened, sur
mounted by tubercles which, beyond carpal cavity, 
may vary in size and may form irregularly double or 
triple rows; inner edge absent; region usually occu
pied by intervening surface tuberculate, almost verti
cal and virtually indistinguishable from palm. Cuff 
at base of dactyl smooth except for a few variable 
granules; crease traceable ventrally only or altogether 
absent. Area outside upper part of pollex base with a 
small, shallow, irregular hollow, its edges indefinite. 
Ventral margin with a distinct, blunt keel, usually 
beaded, the beads largest and curving slightly above 
outer side of margin in their distal region, before 
stopping suddenly near pollex base. Ventral, outer 
groove along beaded edge present, being widest and 
deepest distally. 

Palm with lower triangle covered with extremely 
minute tubercles, not as closely set as in beebei, for 
example. Oblique ridge moderate, the apex located 
opposite pollex, not gape, and scarcely or not at all 
higher than middle of ridge; tubercles large, largest 
either on apex or more distally; at apex the row turns 
proximally, not dorsally, two or three tubercles occu
pying entirely the short ventral margin of carpal cav
ity. Center palm with entire upper part covered with 
moderate tubercles extending slightly over distal mar
gin of carpal cavity onto the sloping wall of cavity 
itself, and continuing upward to dorsal margin. Car
pal cavity with distal margin near apex low and 
smooth, above that higher, tuberculate as just de
scribed; no downward extension of inner edge of dor
sal margin; a very short, broad, distal extension of 

carpal cavity into predactyl area, its distal end tuber
culate. Predactyl area spacious, with a slight depres
sion distally; entire area covered with tubercles which 
are continuous with those of upper palm and dorsal 
margin. Proximal ridge at base of dactyl broad and 
short with a few large tubercles that in rare individ
uals are lacking; distal ridge represented only by a 
scattering of extremely minute tubercles; groove 
absent. 

Pollex and dactyl: Both moderately slender but 
relatively wide in comparison with those of lactea 
and long-fingered neotropical species. Pollex arched 
throughout, its ventral margin notably convex, its 
gape margin concave; dactyl also arched, but less so 
than pollex, usually slightly wider than correspond
ing part of pollex, except proximally and distally. 
Outer surface of dactyl proximally notably convex; 
surfaces of distal dactyl and all pollex somewhat less 
so. Gape with median portion equal to or slightly 
wider than adjacent part of pollex. Dactyl outside 
with two broad, shallow grooves, one just above 
gape, the other in the usual proximal, subdorsal posi
tion; although less developed than in Deltuca, the 
upper is longer and deeper than usual in Celuca, al
though highly variable, while the lower is traceable 
almost to the segment's tip; both grooves in some 
individuals are so weak, however, that they might 
easily be overlooked. Proximal part of area near up
per groove rough with tubercles, largest in a dorsal 
marginal band and on dorsal flattened base of dactyl; 
the marginal band continues, marked by minute 
tubercles, throughout dactyl's length. Surfaces of pol
lex and dactyl otherwise virtually smooth except for 
minute pits on outer pollex, continuing those of outer 
manus. On gape, in both pollex and manus, tuber
cles of outer row are complete and usually include 
in distal part a conspicuously enlarged tubercle, the 
base of which extends across most of the thickness 
of the gape; tubercles of inner row smaller than in 
outer, absent proximally; median row weak or absent 
in middle and, sometimes, distal portion, with at 
least one notably enlarged tooth proximally. Pollex 
tip simple. Gape pile scanty. 

Minor Cheliped. Merus posteriorly flattened, with 
distinct tubercles, not rugosities, on postero-dorsal 
surface. They are arranged in roughly vertical rows, 
except for a strong, longitudinal row above postero-
ventral margin; the latter row curves abruptly up
ward at its distal end, a short distance before end of 
segment; this structure alone is completely diagnostic 
for the species. Gape at base narrower than width of 
pollex, decreasing distally. A few strong serrations 
in distal half, almost in contact. 

Ambulatories. Legs short for a Celuca, the 3rd merus 
on minor side about reaching antero-lateral angle 
when laid forward, or at most extending barely be-
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yond it. 2nd and 3rd meri moderately broad, their 
dorsal margins scarcely convex to almost straight, de
pending on the subspecies. On minor side, antero-
dorsal surfaces, especially proximally, slanting for
ward, so that they lie at an angle both to the dorsal 
margin and to the rest of the anterior surface, which, 
of course, is vertical as usual; the modified portion 
is strongly rugose; the effect is best developed on the 
1st and 2nd legs and almost lacking on the 4th; it is 
much weaker or practically absent on all legs of ma
jor side. No other anterior modifications of 1st ambu
latory on either side. 

Gonopod. Superficial appearance of tip is that of an 
elongate, slender tube. In reality extremely narrow 
flanges extend throughout the length of the corneous 
distal part of the shaft. Beyond the subterminal pore 
the flanges are confluent, the distal edge either 
rounded, uneven, or, sometimes, slightly expanded 
and almost truncate. Inner process narrowly triangu
lar, flat, almost reaching pore. Thumb well devel
oped, closely applied to corneous shaft, long, its 
length varying with the subspecies but always ending 
close to base of inner process, at beginning of distal 
corneous portion of gonopod. 

FEMALE 

Suborbital armature slightly stronger than in male; 
ventral margin of antero-lateral angle minutely tuber-
culate. Cheliped merus as in minor cheliped of male, 
with diagnostic flattening and tuberculation. Modifi
cation of antero-dorsal surfaces of ambulatory meri 
as in its maximum development in male, but present 
on all legs on both sides. Abdomen of adult female 
unusually narrow. Gonopore with a low tubercle on 
antero-external margin. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

U. triangularis triangularis 
Largest male 

(Zamboanga) 10.0 16.5 21.5 14.0 
Largest claw 

(detached) (Zamboanga) - - 23.0 15.0 
Moderate male 

(Zamboanga) 7.5 13.0 17.0 11.0 
Largest female 

(Madang) 7.0 12.5 
Largest ovigerous 
female (Madang) 6.0 9.0 

U. triangularis bengali 
Holotype male 

(Penang) 8.0 14.0 20.5 13.0 
Largest male (Penang) 9.0 15.0 22.0 13.0 
Largest female (Penang) 8.0 13.5 - -
Largest ovigerous 
female (Penang) 8.0 12.0 

Morphological Comparison and Comment 

The differences between the two subspecies to be de
scribed are suitably minor, being confined to the 
occurrence of tubercles on orbital floor, degree of 
tuberculation on center of major palm, strength of its 
predactyl ridge, slight differences in shape of ambula
tory meri, length of gonopod thumb, and form of 
gonopore. 

Remarks on the relationships of triangularis will 
be found on p. 218 and in the introduction to the 
species (p. 286). 

Color 

Both subspecies include some non-displaying popula
tions with at least the carapace wholly orange, yel
low, or white, either throughout the day and night or 
only during periods of bright sunshine. These pale 
groups have been observed in southeast India by 
Altevogt and in Penang and New Guinea by me. On 
dull days and during the falling tide in Penang, the 
yellow phase was preceded by a barred pattern that 
was the only one observed in the southern Philippines 
and in New Caledonia. The markings consist of 2 to 
5 transverse pale bands, usually blue and often bro
ken, on a dark ground and are closely similar to 
those characteristic of the local lactea. Major cheli
ped: In the western subspecies, brightening to uni
form orange; in New Guinea, sometimes orange to 
white; in New Caledonia, with yellowish manus; in 
the Philippines, dull except for pale lower manus; in 
all eastern groups a speckling of fine brown spots at 
least on manus is diagnostic. Fingers white. Ambula
tories in some individuals of populations of both sub
species sometimes ranging from orange to yellow or 
white; otherwise dark. Carapace and appendages of 
females similar to those of local males. 

SOCIAL BEHAVIOR 

Waving Display 

Wave with vertical, semi-unflexed and lateral-circu
lar components, the circular wave having been ob
served in both subspecies. In both Jolo and Noumea 
only the circular display was seen and it appeared 
close to the corresponding form in lactea, although 
no curtsy was included; single waves were at a rate 
of slightly more than 1 to the second. The only ex
amples of vertical and semi-unflexed waves were 
found in New Guinea, where a single male several 
times raised and lowered his major cheliped in a low, 
fast motion with the hint of a curtsy, as he faced an 
apparently attentive female 2 inches away; in the 
same population a week earlier, 2 males gave several 
brief, semi-unflexed waves; no lateral displays were 
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ever seen there. Altevogt (1957.1), in describing the 
display in a population in southeast India, also re
marked on the lateral form of the wave and gave 
similar figures for its duration. (Component nos. 1, 
3, 5, ?13.) 

Acoustic Behavior 

Unknown. Especially to be watched for is stridula-
tion using the unique armature of the minor cheli-
ped's posterior merus. The unusual tuberculation of 
the antero-dorsal parts of the ambulatory meri will 
probably prove to be part of the mechanism. See 
Figs. 50 and 51. 

R A N G E 

From eastern India and Burma to New Caledonia; 
north to the Nansei (Ryukyu) Islands. 

BlOTOPES 

As indicated in the Introduction to this species, tri
angularis usually occurs on brackish flats and on the 
banks of tidal streams, always sheltered from open 
water as well as from prolonged exposure to sun. 
Large populations have been found in Penang and 
Zamboanga among the shoots of mangroves and in 
the mud sheltered by the overhanging branches of the 
parent trees. In Jolo a group in a small lagoon was 
separated from the sea only by a narrow bar of soil 
and sand. Often crowded populations occur on the 
upper levels of steep banks slightly upstream from 
the limits of the mangrove. (Biotope nos. 9, 13, 14, 
15.) 

S Y M P A T R I C A S S O C I A T E S 

U. triangularis mingles marginally and rarely with 
its close relation, lactea. In Penang it is associated 
with rosea, which was more abundant closer to low-
tide levels of a secluded mangrove cove, while the 
burrows of triangularis peppered the banks on its 
upper slopes. In the Philippines and New Guinea, 
both within the mangrove zone and upstream from 
it, triangularis burrows in similar positions above 
those of coarctata and, less often, dussumieri, all the 
species being established up tidal creeks in the same 
small coves. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 610.) 

Observations and Collections. Malaya: Penang. In
donesia: near Surabaja. Philippines: Mindanao, in 
neighborhood of Davao and Zamboanga; Sulu on 

Jolo and Tawi Tawi; Palawan. Territory of Papua & 
New Guinea: near Madang. New Caledonia: near 
Noumea. 

Films. Penang; near Davao; near Madang. 

Sound Recordings. Near Noumea. 

TYPE MATERIAL AND NOMENCLATURE 

Gelasimus triangularis 

TYPE. In Museum d'Histoire Naturelle, Paris. Male, 
listed by museum as a "type nonspecific." Label in 
box: "Gelasimus triangularis A. Edw. Collect. A.M. 
Edwards 1903. Nile. Caledonie." On back of box is 
the same wording plus "auct. det." Measurements in 
mm: length 8; breadth 12; propodus 17; dactyl 11. 
Photo of claw: present contribution, PI. 38 /, / . 

The specimen is in exceedingly poor condition, 
but its specific characteristics remain unmistakable. 
There seems to be no need at present to designate 
one of the specimens since collected (1965) by me 
in New Caledonia as a neotype. When I examined 
the type (1959), the specimen, dried and varnished, 
was glued directly on a soft wood base. After the 
base had been dissolved off through placing it, with 
no prior manipulation of the specimen, in relaxing 
solution, the abdomen, left gonopod, and the entire 
tip of the right gonopod proved to be missing. On 
the right gonopod a bit of subdistal tissue probably 
is the thumb. The specimen lacks tubercles on orbital 
floor, while the distal predactyl ridge has the tuber
cles poorly developed; these characters are now 
known to be within the range of variability of t. tri
angularis males, as they occur in the type-locality 
and elsewhere. (!) 

Apparent Type Material of Gelasimus triangularis 
var. variabilis de Man, 1891. In Rijksmuseum van 
Natuurlijk Historie, Leiden. 1 male, cat. no. 1247, 
is labeled "Uca triangularis (AMEd) var. variabilis 
de Man Ludeking 1863. Amboina," the wording be
ing the same on 2 labels, one being in a vial that 
holds a smaller vial and the crab, with the 2nd label. 
Both are written in de Man's hand (fide Holthuis). 
Length approx. 7.5 mm; propodus 21; thumb on 
gonopod even longer than in Fig. 595 of present 
contribution. A group of males and females, cat. no. 
1537, are labeled as follows: "Uca triangularis 
(A. M. Edw): vari. variabilis (de Man) syntypes 
Amboina E.W.A. Ludeking, 1863." (!) 

Uca triangularis bengali subsp. nov. 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137674. Type-locality Penang, Malaya. Measure
ments on p. 288. (!) 
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Uca (Celuca) triangularis triangularis 
(A.Milne-Edwards, 1873) 

(Labuan, Indonesia, Philippines, Nansei [Ryukyu] 
Islands, Palau Islands, New Guinea, and New 
Caledonia. ?Caroline Islands) 

M O R P H O L O G Y 

With the characteristics of the species. 
Tubercles on floor of orbit always present at least 

in females and in all or practically all males at least 
on minor side. The tubercles are best developed in 
Philippines populations, but even here they are high
ly variable; the maximum number totals around 20, 
with the addition of grouped spinules near or beyond 
inner end of row; in some males the tubercles are 
reduced to less than 10 and show irregularities of 
size and arrangement, or are represented only by a 
few spinules. On minor side in male and on both 
sides in female the row runs well behind suborbital 
margin and is often convex posteriorly in the middle; 
in contrast, on the male's major side the row parallels 
and lies very close to the margin. The range of varia
tion indicated occurs within at least some popula
tions, including New Caledonia, New Guinea, and 
the south Philippines. 

As indicated in the description of t. bengali, the 
palm in t. triangularis is often smoother, with the 
proximal predactyl ridge relatively short and the 
tubercles fewer or, rarely, absent; meri of ambula
tories in general narrower, the upper edge of the 3rd 
being definitely straight; gonopod thumb longer, be
ing more or less equal to exposed part of tube; gono-
pore larger, with a definite apex directed antero-
internally. 

REFERENCES AND SYNONYMY 

(When I have neither seen the specimens listed nor 
made collections from near the same localities, the 
references are placed in accordance with the known 
geographical distribution of the subspecies. No ex
amples of coincident ranges or apparent hybrids are 
yet known.) 

Uca (Celuca) triangularis 
(A. Milne-Edwards, 1873) 

TYPE DESCRIPTION. See under U. (C.) triangularis 
triangularis, below. 

Color 
No pale phase was encountered in the Philippines; 
entirely white or yellow white individuals were the 
rule in New Guinea, with orange males appearing 
occasionally; in New Caledonia the coloring was as in 
the Philippines, except that the manus was tinged 
with yellow. The major cheliped of all individuals, 
even when they are otherwise white, is speckled 
above with minute dark round spots ranging from 
brown to purplish brown; at most they cover the 
dorsal and outer parts of merus, carpus, manus, and 
lower palm; at the least they are scattered on the 
upper outer manus. 

Uca (Celuca) triangularis bengali 
subsp. nov. 
(Eastern India, Burma, and western Malaya) 

M O R P H O L O G Y 

With the characteristics of the species. 
Tubercles on floor of orbit altogether lacking in 

both sexes. Palm often more tuberculate than in 
t. triangularis, with proximal ridge at dactyl base 
longer; meri of ambulatories at least on minor side 
broader than in most t. triangularis, the upper edge 
of the third being definitely convex; gonopod thumb 
shorter, about one-half length of exposed part of 
tube; gonopore with a small, blunt, inconspicuous 
tubercle. 

Color 

Pale phases ranging from orange to white appear to 
be usual, while brown speckles on the major cheliped 
have not been reported. 

Uca (Celuca) triangularis triangularis 
(A. Milne-Edwards, 1873) 

Gelasimus triangularis 

TYPE DESCRIPTION. A. Milne-Ed wards, 1873: 275. 
New Caledonia. (Paris !) 

Kingsley, 1880.1: 150. No new record. Taxonomy 
of type. 

de Man, 1892: 307. Sumatra. 
de Man, 1895: 577 (part). East Indies (not 

Penang). Taxonomy. 
Gordon, 1934: 11. Dutch East Indies. 
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Gelasimus triangularis var. variabilis 

de Man, 1891: 47. Amboina. Type description. 
(Leiden !) 

Tweedie, 1937: 14. Sumatra: Simalur (= Simeu-
loe) I. 

Uca variabilis 

Ortmann, 1897: 353. No new record. Taxonomy. 
Ward, 1941: 3. Philippines: west coast, Gulf of 

Davao. 

Uca triangularis 

Nobili, 1899.2: 274. East Indies: Andai. Brief 
taxonomy. 

Estampador, 1937: 543. Records from the Philip
pine Is. 

Estampador, 1959: 100. Records from the Philip
pine Is. 

Uca novaeguineae (not of Rathbun, 1913) 

Sakai, 1936: 171; text fig. Pelew ( = Palau) Is. 
Taxonomy; color. (Yokohama !) 

Miyake, 1938: 110. Micronesia: Ngardok; Babel-
thaob; Palau Is. (Part may be U. chlorophthalmus 
crassipes, q.v.) 

? Miyake, 1939: 223, 242. Micronesia: Palao Is.;, 
Caroline Is. (Kusaie). (Part or all may be U. chlor
ophthalmus crassipes, q.v.) 

Uca triangularis variabilis 
Tweedie, 1950.1: 357. Labuan. (Raffles !) 

Uca (Celuca) triangularis bengali subsp. nov. 

Gelasimus perplexus (not of Milne-Edwards, 1837) 

Heller, 1865: 38; PL 5, Fig. 4. Ceylon. Southeast 
India: Madras. Taxonomy. 

Gelasimus triangularis 
de Man, 1887.1: 119. Mergui Archipelago: Kis-

serain I. Taxonomy. (Leiden !) 
? de Man, 1892: 307. Sumatra: eastern coast at 

Batu Bahra. (May be U. t. triangularis.) 
Henderson, 1893: 388. Southeast India: Madras; 

Ennore. Taxonomy; habitat. (BM !) 
deMan, 1895: 577 (part). Malaya: Penang. (Not 

records from East Indies.) Taxonomy. 
? Nobili, 1899.3: 518. Sumatra: Siboga. Taxon

omy. (Maybe U. t. triangularis.) 
Alcock, 1900: 356. No new record. Taxonomy. 

Gelasimus variabilis (not G. triangularis var. 
variabilis de Man) 

? Ortmann, 1894.2: 758. Singapore. Taxonomy. 
(This is the only record of the occurrence of triangu
laris in Singapore; may be U. t. triangularis.) 

Uca triangularis 

Nobili, 1903.2: 20. Southeast India: Pondichery. 
Maccagno, 1928: 31. No new record. Taxonomy. 
Chopra & Das, 1937: 421; text fig. Mergui Archi

pelago: Bockachaung. In fresh water. 
Panikkar & Aiyar, 1937: 295. Statement that these 

authors, unlike Henderson, 1893, did not find tri
angularis in the Madras area. 

Altevogt, 1957.1. Illus. Southeast India (from 
near Madras to Cape Cormorin). Waving display; 
ecology; general habits. 

Feest, 1969. Illus. Southeast India: Porto Novo. 
Breeding biology; ecology; post-embryological devel
opment. 
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57. UCA {CELUCA) LACTEA (DE HAAN, 1835) 

(Indo-Pacific) 

PLATES 39; 40; 45 A; 47 C, D; 50 A. 

FIGURES 17; 18; 19; 20; 24 N, O; 26 D; 27 /, J; 29 D; 

31 E; 32 L, M; 37 L; 41 ̂ , 5; 46 L; 54 //-KK; 
69 #-E; 74 L-N; 81 O; 83 B; 91 ^-D; 92; 101. 

INTRODUCTION 

One temptation in this study is to write about Uca 
lactea in superlatives. Among fiddlers these small 
crabs have one of the four widest ranges on earth. 
They form perhaps the most abundant species. They 
vary the most widely in often bright and complex 
color patterns. Above all they present us with more 
challenges, as they unfold the refinements of their 
social behavior, than any other fiddler I know. 

A report on these behavior patterns, particularly 
those of agonistic behavior, will be published sepa
rately; it is too detailed for appropriate inclusion 
here and, moreover, includes the results of recent 
field work (1969-1970) which has not been fully 
analyzed. One result, perhaps of the most general in
terest, is that the frequency of combat components, 
although not their form, differs in different parts of 
the range. Less striking differences are found in the 
components of waving display, especially in those of 
high intensity courtship, one or more of them being 
absent in one part of the range, or occurring only in 
low intensity display in another area. 

In years to come, when the difficulties of fiddler-
rearing have been reduced to laboratory trivia, this 
species may prove to be well suited for genetic stud
ies of behavior. Meanwhile, the question of the basic 
value of combat now appears to be complicated 
rather than clarified by this recent work. In brief, one 
can say with confidence that lactea will continue to 
repay study, both as an entire, lively animal in its 
own habitat and in suitable crabberies; in addition it 
should make an excellent subject for correlated 
physiological research. 

This species is one of those showing a particularly 
strong lunar or semi-lunar rhythm, and it is there
fore important to plan field work accordingly. Dur
ing some seasons and in some places, lactea proved 
to be socially active only around new moon, only 
around full moon, or around both; in South Africa 
and in Japan it does not display during the local win
ters, and in Japan, at least, hibernates during severe 
weather. In general when planning short trips it is 
probably safest to arrange to be in a given locality 
around new moon rather than full; the exact selection 

MAP 21. 
TABLES 5, 6, 8, 10, 12, 14, 19, 20, 22. 

of dates must depend on whether the investigator's 
chief interest lies in waving display and the associ
ated courtship or in combat behavior. Waving dis
play and courtship reach their height between about 
one-half and two hours after low tide and are espe
cially prevalent, and sometimes only to be observed, 
when low tide occurs in the late afternoon and in the 
late morning. Combat, on the other hand, rarely fur
nishes much observation material except between 
about one-half hour before low tide and an hour or 
so afterwards, and only when the time of low tide is 
between about 8:30 and 11 A.M. Where tides are 
very unusual, active combat behavior still seems to 
await the eventual occurrence of mid-morning lows, 
no matter how small the tidal levels at the time. For 
research purposes useful amounts of combat, wav
ing, and courtship may be found during longer 
periods and at other times of the day, but it seems 
clear that one is most likely to find populations in a 
state of high social activity at these times, when only 
a few days are available for work. If, however, a 
traveling biologist with, for instance, five days for 
work confidently aims for a row of morning lows 
near a particular new moon, he may well find that his 
selected population is ruled by the full moon instead. 
Therefore, before following any advice in this para
graph, caveat lector. 

Nocturnal activity, except for the usual acoustic 
responses to intruders, seems to be poorly developed 
in lactea, judging by my repeated checks of popula
tions in various localities. Possibly inconspicuous 
nocturnal courtship behavior accompanying acous
tic components occurs, but it has not yet been in
vestigated. A foundation was laid by Altevogt 
(1957.1), who found that some lactea remain active 
at twilight. 

After de Haan first described the species from 
Japan in 1835, similar forms became familiar under 
other names, in particular annulipes and perplexa, 
which were collected in other parts of the Indo-
Pacific. In the present study, because of strong evi
dence of interbreeding as well as close similarities in 
morphology and behavior, only a single species, lac
tea, is recognized; except in the interesting areas 
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where two forms coincide, four subspecies can be 
readily distinguished—lactea, annulipes, perplexa, 
and mjobergi. 

MORPHOLOGY 

Diagnosis 

Broad-fronted Indo-Pacific Uca; major cheliped with 
oblique tuberculate ridge inside palm present, proxi
mal predactyl ridge not diverging dorsally from dac
tyl base, no hook-like predistal tooth on dactyl, and 
no small, sharply bounded depression outside pollex 
base; posterior merus of minor cheliped without verti
cal row of tubercles; merus of last ambulatory slen
der, its dorsal margin practically straight; one pos-
tero-lateral stria on each side; gonopod with large 
flanges, the tube not projecting; gonopore without 
tubercle. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 3 to 4 
times in that of carapace. Antero-lateral angles acute, 
antero-laterally produced. Antero-lateral margins ap
proximately straight, converging, rounding into 
dorso-lateral margins. Each of the single pair of 
postero-lateral striae is directed almost antero-poste-
riorly, rather than in the usual nearly transverse posi
tion. Vertical lateral margin highly variable, being 
sometimes weak or absent in dorsal fifth. Carapace 
profile almost semi-cylindrical; hepatic and branchial 
regions not fused, only moderately arched. Tip of 
front little rounded, appearing almost truncate in dor
sal view. Eyebrow shorter than usual, and narrow, 
measuring half or less than half the diameter of ad
jacent part of depressed eyestalk, which itself is un
usually slender in comparison with that usual in the 
subgenus; lower margin of eyebrow weaker than 
upper. Suborbital crenellations minute in inner half, 
increasingly large near antero-external angle, con
tinuing around outer orbital margin, separated, al
most to channel. Lower side of antero-lateral angle 
moderately sharp, usually minutely serrate. 

Major Cheliped. Merus: Antero-dorsal margin prox-
imally scarcely arched and not ridged, extremely 
weak, consisting only of the slightly angular meeting 
of dorsal and anterior surfaces, usually completely 
unarmed, occasionally with a few irregular granules; 
distal portion more distinct, marked principally by a 
cluster of tubercles which are sometimes large and 
numerous. Carpus: Dorso-posterior surface smooth. 

Manus: Bending of upper, outer surface apparent 
near dorsal margin only, where both bending and 
moderate flattening are apparent. Outer tubercles ex
tremely minute, although variable among individuals; 
slightly larger and more widely spaced only in a nar
row band adjacent to dorsal margin. Dorsal outer 
groove absent. Dorsal margin above carpal cavity 
strong, formed of large, sharp tubercles; distally it is 
weak, marked only by small tubercles and lacking 
both inner edge and intervening space to set it off 
from palm. Area outside pollex base not smooth, the 
minute tubercles of outer manus continuing across it 
and onto pollex; in southwestern populations of /. 
annulipes, lower part sometimes with indications of 
a row of slightly larger tubercles, not elevated on a 
keel, that continues onto pollex. Ventral margin or 
supramargin of manus with a row of tubercles, small 
and faint in proximal half, slightly larger distally, and 
dying out at pollex base or along its proximal part. 
Ventral, supramarginal outer groove present in dis
tal half of manus only, where it is strong; it often 
continues, faintly or strongly, throughout most of 
pollex. 

Palm with lower triangle covered relatively sparse
ly with extremely minute tubercles. Oblique ridge 
usually high and thin, the highest point usually slight
ly higher than apex and distal to it; tubercles largest 
on highest point of ridge; they either stop at apex 
or, in some individuals of all subspecies, turn proxi-
mally for a short way along ventral margin of carpal 
cavity. Center palm definitely convex, with variable 
tuberculation ranging from minute and sparse to 
moderate in both tubercle size and distribution. Car
pal cavity with ventral margin always low, thin, and 
sharp, whether or not surmounted by tubercles con
tinued from apex; distal margin of cavity sloping 
gently, merging gradually with center palm; inner 
edge of dorsal margin not curving downward; upper 
part of carpal cavity with a distal extension occupy
ing almost entire predactyl area. Edges of latter area 
indefinite, either smooth or minutely tuberculate. 

Pollex and dactyl: Highly variable within and be
tween subspecies, leptodactylous and brachydac-
tylous forms being well developed. Both pollex and 
dactyl always long and compressed, at least one 
usually having the gape edge slightly concave, the 
dactyl's always being more or less convex dorsally 
and always wider than the pollex, sometimes strik
ingly so. Gape wider, sometimes much wider, than 
adjacent pollex. Outer pollex sometimes with a low 
supramarginal keel with or without tubercles, and a 
shallow groove contiguous to its upper side; keel not 
continuous with the row of tubercles on ventral mar
gin of manus. Along lower side of pollex, above posi
tion of pollex keel and groove, whether or not they 
are present, a straight row of small, close-set tuber
cles sometimes occurs. Dactyl with outer, proximal, 
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subdorsal groove absent; tubercles of the area well 
developed. Pollex and dactyl covered externally with 
minute tubercles, often larger on pollex; both ringers 
internally smooth or with extremely minute tubercles. 
Gape with outer marginal rows in both pollex and 
dactyl sometimes clearly traceable only about half
way to tip of segment; inner rows sometimes obso
lescent, with only the most proximal tubercles clearly 
referable to this row and not to the general tubercu-
lation near gape; tubercles of median row ranging 
from absent to moderate with up to several enlarged 
tubercles or tuberculate, triangular teeth. Tip of pol
lex simple. A predistal, triangular tooth, sometimes 
much enlarged and its distal margin concave, often 
present. Gape pile sparse. 

Minor Cheliped. Gape throughout about as wide as 
pollex. Serrations weak, widely and unevenly spaced, 
not in contact, occurring more proximally on pollex 
than on dactyl; sometimes absent. 

Ambulatories. 2nd and 3rd meri moderately slender 
to moderately broad, their dorsal margins scarcely 
convex to almost straight. 4th merus always striking
ly slender, its dorsal margin practically straight. No 
anterior modifications of 1st ambulatory. 

Gonopod. Flanges strongly developed, the anterior 
or posterior being the larger, depending on position 
of the canal, which varies with the subspecies; one 
or both flanges may have its round distal edge pro
duced slightly or far beyond the small subterminal 
gonopore. Inner process narrow, tapering to a blunt 
end which overlies canal but may or may not reach 
gonopore. Thumb short but well developed; very 
variable in position, it may stop far below base of 
anterior flange or overlap it. 

FEMALE 

Carapace regions definitely less well marked than 
in male, the difference being unusually strong for a 
Celuca. Suborbital crenellations better developed 
than in male on inner half, but about equal to male's 
in outer portion; some individuals, especially in some 
populations of /. annulipes, with a row of tubercles on 
orbital floor, sometimes clearly supported by a ridge; 
their occurrence, sizes, and numbers are however ex
ceedingly variable, usually even within populations. 
Gonopore with outer margin arched strongly toward 
midline, so that the pore itself appears crescentic and 
the margin a rounded lip; this lip slants up into the 
gonopore depression, the degree of slant and its di
rection depending on the subspecies; in all except 
one subspecies {annulipes), it is rimmed conspicu
ously with corneous brown, which sometimes also 
occurs on the surrounding tissue. These minor gono
pore differences are unfortunately the only reliable 

distinctions among the subspecies that have yet be
come apparent. 

Size 

Moderately small. Measurements in descriptions of 
subspecies. 

Morphological Comparison and Comment 

U. lactea differs conspicuously as follows from the 
other species of Indo-rPacific fiddlers having moder
ately broad fronts. It differs from both subspecies of 
inversa in the presence of an oblique tuberculate 
ridge on palm, in the small, slender propodus of the 
small cheliped in both sexes, and in having only one 
pair of postero-lateral striae on each side; it differs 
additionally from i. inversa in East Africa in the ab
sence of a terminal hook on major dactyl. It differs 
from chlorophthalmus in having the proximal pre-
dactyl ridge parallel to, not diverging from, the major 
dactyl's base; in lacking a small, distinctly bounded 
depression outside base of major pollex; and in hav
ing slender meri in both sexes on the last ambula
tories. Finally, it differs from triangularis in lacking, 
in both sexes, a vertical row of tubercles predistally 
on posterior minor merus, and in not having a pro
jecting terminal tube on gonopod. 

The species divides satisfactorily into four subspe
cies, based principally on the shapes of the gonopod 
flanges, gonopore tubercle, and, less reliably, major 
chela. Two of the four subspecies have not been 
found to show any zones of coincidence or apparent 
interbreeding. Their ranges are small, being re
stricted to northwest Australia (/. mjobergi) and 
from Hong Kong to Japan (/. lactea). The other 
two subspecies, /. annulipes and /. perplexa, cover 
between them the entire tropical Indo-Pacific, from 
eastern Africa to Samoa, excluding only mjobergi's 
limited range in Australia. 

No sharp geographical boundary divides annulipes 
from perplexa. Populations showing coincidence and 
signs of hybridizing occur from southeast India to the 
central Philippines. These mixed populations and the 
incidence of individuals of the atypical subspecies are 
rare in the west and in the northeast. In the inter
mediate areas of Indonesia and the southern Philip
pines, on the other hand, they are common. The sub
species annulipes apparently occurs alone in Africa, 
West Pakistan, western India, and Ceylon, while 
perplexa appears unmixed in the north Philippines, 
New Guinea, eastern Australia, and the islands of the 
tropical Pacific, reaching the Ryukyu Islands in the 
north and Samoa in the east. 

As in the apparently hybridizing subspecies of 
vocans, the male gonopods show distinct characteris-
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tics of either one subspecies or the other. Only in one 
or two individuals from the north-central Philippines 
is the shape definitely ambiguous. Female gonopores, 
on the other hand, while usually characteristic of 
either annulipes or perplexa, sometimes show inter
mediate states of the tilting of the tubercle tip and 
its orientation. 

In the subspecific characters of the major cheliped, 
on the other hand, the characters are independently 
assorted, showing every degree of mixing throughout 
the broad region where both types of gonopods occur 
in the same population. Dactyls that are to varying 
degrees broad, as in perplexa, occur on individuals 
with gonopods of annulipes shape; these broad-dac-
tyled crabs may or may not have a triangular tooth 
on the pollex that approaches or equals the size of 
this structure characteristic of perplexa in the east. 
Similarly, slender claws turn up in the zones of co
incidence on individuals with gonopods wholly typi
cal of annulipes. 

Since the gonopod form appears practically always 
to be entirely characteristic of one subspecies, while 
the other subspecific characters vary considerably 
even in apparently unmixed populations, specimens 
have been arbitrarily assigned to one subspecies or 
the other in accordance with the form of their gono
pods alone. This course has seemed preferable to in
dicating apparent crosses, even when other characters 
in an individual and its population show clear signs 
of interbreeding; it makes possible a preliminary 
estimate, however unreliable, of the amount of mix
ing that occurs in various localities. Until genetic 
studies are undertaken and the dominance relations 
of particular traits established, obviously no definite 
results can be obtained. At present the only two con
clusions to be drawn seem to be, first, that annulipes 
and perplexa give every evidence of frequent hybridi
zation within the area of occasional coincidence and, 
second, that the heart of the area of coincidence, as 
in vocans and certain Deltuca, lies in the region of 
the Sunda Shelf. 

Beyond the area of coincidence where both types 
of gonopods occur, claws are sometimes found that 
are clearly atypical of the region. For example, an 
unusually wide dactyl or a large tooth on the pollex 
infrequently turns up in Africa, although the propor
tions are typical in the east. Similarly, although a 
tuberculate ridge on the major pollex is strong and 
prevalent only from Zanzibar to Mozambique, the 
character appears, although rarely, on claws as far 
away as Fiji; almost always in these individuals it is 
a weak structure and probably scarcely functional. 
These characters would lend themselves well to statis
tical analysis. 

The relationship of lactea to other members of the 
subgenus is discussed on p. 218. 

Color 

Displaying males: Polished white fully developed 
over entire crab, in some individuals of some popula
tions in three of the four subspecies. In mjobergi 
alone such a development of white was not found. 
The population of /. lactea in northwest Taiwan in 
May was the only one in which this high develop
ment of white occurred in almost all displaying males 
and, incidentally, on the females too. More charac
teristic of all other populations were the following 
general ranges of color, which are summarized in 
tabular form in Table 5. 

Carapace. Sometimes attaining a homogeneous pale 
color in all subspecies, particularly in Philippine pop
ulations of perplexa; the most prevalent in perplexa, 
as well as in East African populations of annulipes, 
is fine marbling, the component colors being black 
with white or blue. In mjobergi the marbling is brown 
with buff or white. In /. annulipes from the non-
African part of its range the pattern is characterized 
instead by strong transverse markings, exceedingly 
variable within populations; often the ground color 
is black to blue with three or four paler bands, either 
solid or divided into spots, crossing the entire width 
of the carapace and ranging in hue from light blue 
to white; at a later stage of display lightening the 
pattern appears instead as black or blue markings on 
a blue or white background. In some pure-culture 
populations of /. perplexa (that is, without admixture 
of /. annulipes) marbled carapaces sometimes have 
1 or 2 dark, annulipes-like bands, but posteriorly 
only. 

Major Cheliped. Polished white chelipeds occur in 
single populations of each subspecies except 
mjobergi, even though the carapace in these popula
tions does not whiten strongly. Except for these 
three, and representatives of other populations at
taining complete white, the cheliped in all subspecies 
shows some tint or shade of yellow or red, not only 
in every displaying male, but almost always in all 
non-displaying individuals also, although the hues 
are then usually dulled and, even in displaying males, 
often confined to the lower, outer manus. In all sub
species except annulipes the color is basically yellow, 
ranging from pale buff to orange yellow of high satu
ration. The most intense yellows were found in per
plexa in Fiji and in mjobergi, in both Darwin and 
Broome. The color is usually brightest on the entire 
outer manus and proximal part of chela, but the in
ner merus is often similarly colored in spite of strong 
display whitening of the rest of the crab. In contrast, 
yellow does not occur in annulipes in populations 
showing no coincidence with those of perplexa (see 
below). Instead, red is found in a wide range from 
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pale pink to highly saturated spectrum red or, some
times, scarlet red; it attains its most vivid form in 
Ceylon (where there is no coincidence with per-
plexa) and in Singapore (where the two subspecies 
coincide and apparently interbreed); in these two 
localities, especially, the inner side of the merus often 
remains bright red even though the outer manus has 
paled to pink during carapace lightening. In all sub
species the fingers are white at least distally, and the 
palms almost always pale. 

Eyestalks usually gray, sometimes yellowish or 
greenish. Anterior aspects of orbits, pterygostomian 
regions, and buccal area usually lighten to about 
same degree as carapace, although sometimes they 
attain a higher degree of white, often being clear 
white in New Guinea, for example, even when the 
carapace remains in its usual marbled phase; in New 
Guinea as well as in the Philippines and in Fiji these 
anterior aspects are sometimes pale yellow, partly or 
wholly. Minor cheliped is most often white but rarely 
marked with red, yellow, or blue, these unusual 
phases cropping out in both perplexa and annulipes 
in various localities. 

The ambulatories attain whiteness in all popula
tions where this degree of display lightening occurs. 
More often red, particularly dark red but sometimes 
(in mjobergi) scarlet, occurs on the anterior sides of 
all the ambulatories in all subspecies; sometimes it is 
confined to the legs on the minor side; often it occurs 
only on the merus, or merus and carpus, of both 
sides, a distribution that is prevalent in annulipes. 
The non-red aspects are confined to the occasional 
occurrence of yellow instead of red in some popula
tions of perplexa, and, on all parts of the ambula
tories not colored yellow or red or lightened to white, 
to the light and dark banding which gave annulipes 
its name. Often however the legs even of strongly 
displaying males are completely dark, including the 
anterior meri, with even the bands not apparent. 

Where populations of annulipes and perplexa co
incide and are suspected strongly of interbreeding (p. 
294), the characteristic red-marked cheliped and 
banded carapace of annulipes appear usually to be 
paired, while the solidly pale or marbled carapace 
and yellow-marked cheliped of perplexa occur to
gether at least most of the time. Whether the colors 
match the gonopods, however, is at present unknown. 

Females often attain about the same degree of 
lightening as males. Rare individuals in perplexa and 
annulipes throughout their ranges are dark red or 
rose red, sometimes including the appendages. These 
reddish females are sometimes but not always among 
the few females in any population being actively 
courted on a given low-tide period. As in many other 
species, small dark females with no lightening at all 
sometimes wander the most actively, eliciting high 
intensity waving from numerous males. 

SOCIAL BEHAVIOR 

Waving Display 

Wave always lateral at medium or high intensities, 
ranging through degrees of lateral-straight to wholly 
lateral-circular; circular waving occurs in fully de
veloped territorial waving, in many displays toward 
males, and in all fully developed courtships. Dimin
ishing circular waves present or absent. Vertical 
waves sometimes occur at lowest intensity in a threat 
situation or in young individuals. Jerks always absent. 
Minor cheliped usually makes corresponding motion. 
Body raised or not on extended ambulatories at both 
low and high intensities, often during high intensity 
held raised throughout a series. Curtsy in some form 
present at highest intensity in all subspecies, some
times confined to courtship; the cheliped is then ex
tended frontally or, usually, laterally, the circular 
wave is suppressed, and instead the cheliped makes 
a downward motion so that sometimes the lower edge 
of the propodus strikes the ground. Sometimes in 
threat situations the wave is similarly eliminated, but 
the cheliped is then held flexed, not extended, and 
alternately lowered and raised, either actually touch
ing the ground or not, the ambulatories also some
times bending simultaneously in a curtsy. During 
circular waving of moderate or high intensity one or 
more ambulatories are raised in leg-waves; in threat 
situations, however, leg-waving is replaced by sound-
producing leg-wagging. During display the crab often 
moves a few steps while cheliped is raised or laterally 
extended. Seriality ranges from pronounced to ab
sent. Non-forceful herding sometimes present. Syn
chronous waving noted rarely. Display rate very var
iable, depending both on type and intensity of wave 
and general level of waving activity in the population. 
The fastest circulars photographed were at rate of 
about 3 per second, the slowest at 2.3 seconds per 
wave. (Component nos. 1, 4, 5, 9, 10, 11, 12,13, 14, 
plus the downstrokes of extended cheliped described 
above. Timing elements in Table 19, p. 656.) 

Precopulatory Behavior 

Male attracts female down his own burrow. No at
tempts at copulation seen at surface, except by rare 
wandering males and in captivity in crabberies. Alte-
vogt (1955) reported surface copulations to be rare 
in western India. Feest (1969), however, found them 
plentiful in the southeastern part of the same coun
try, on a semi-lunar schedule. 

Hood Construction 

Fully formed hoods were constructed by displaying 
males of /. annulipes in West Pakistan in June and by 
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a similarly active group of /. lactea in Taiwan in May; 
rudimentary hoods, poorly formed and less than 5 
mm high, were detected beside the burrows of rare 
individuals in 2 other populations of displaying 
males, in /. annulipes in Ceylon in May and in /. per-
plexa in northeast New Guinea in June and July. 

Acoustic Behavior 

The following components have been filmed: major-
merus-rub (component no. 1), leg-wagging (5) , 
major-merus-drum (7) , major-manus-drum (9) , 
minor-chela-tap (10) and, questionably, leg-stamp 
(11). Whirls have been recorded on tape when an 
individual of either sex was introduced into a burrow 
inhabited by a male; these recordings were secured 
in the Red Sea, southwestern India, New Caledonia, 
and the Fiji Islands (PL 47 C, D). Videotapes of 
diurnal leg-wagging in agonistic situations were 
made in northeastern New Guinea. 

Combat 

The emerging results of combat in lactea have been 
mentioned in the introduction to the species (p. 292) 
and in the general account of combat (p. 516). The 
following components have been identified: manus-
rub (component 1) ; manus-and-chela-rub ( l a ) ; 
pollex-rub (2) ; chela-rub (2a) ; pollex-under-and-
over-slide (3 ) ; subdactyl-and-subpollex-slide (4 ) ; 
dactyl-slide (6 ) ; chela-tips-slide (6a) ; upper-and-
lower-manus-rub (7 ) ; interlace (9 ) ; heel-and-hol-
low (11) ; heel-and-ridge (12) ; as in heel-and-ridge, 
but ridge only rubbed (12a). 

RANGE 

Tropical and subtropical Indo-Pacific, from eastern 
Africa to Samoa; from near Massawa in the Red 
Sea, Karachi in Pakistan, and Fukuoka in southern 
Japan south to the Umngazana River, Cape Prov
ince, in Africa, Broome in Western Australia, Glad
stone in Queensland, Australia, and Tonga, South 
Pacific. 

The four subspecies here recognized range rough
ly as follows: annulipes from eastern Africa to the 
Philippines, being rare east of Borneo and coincident 
with perplexa, with which it apparently hybridizes, 
in southeast India (Pondichery), Malaysia, Indo
nesia, and the Philippines; perplexa from Java, the 
Philippines, New Guinea, and northeast Australia to 
Samoa; rare west of Java, occurring in the regions as 
listed above, coinciding with annulipes; lactea from 
southern Japan southwest to Hong Kong; mjobergi 
is known only from northwest Australia and north
west New Guinea. 

BlOTOPES 

Sheltered shores near large bays or the open sea, 
sometimes protected only by reefs or offshore mud 
fiats; substrate ranging from sandy mud to muddy 
sand; less often populations occur in mud without 
noticeable sandy admixture, as well as in sand with 
very little silt, especially close to mangroves occur
ring in such a substrate. Often adjoining mangroves, 
the burrows being sometimes among their rhizo-
phores; socially active parts of populations, however, 
are never in partial shade; frequently along the 
shores of estuaries; when close to river mouths the 
crabs usually live on one or both sides of the mouth 
itself, rather than slightly upriver; when populations 
do occur within the mouth and are distributed far
ther upstream, the individuals become progressively 
smaller as the water becomes more brackish, al
though social behavior, apparently normal, continues. 
Burrows rarely found in steep banks. (Biotope nos. 
6, 9, 11, 12, 14.) 

SYMPATRIC ASSOCIATES 

Throughout most of its range, lactea occurs charac
teristically with (Thalassuca) vocans; although the 
burrows often mingle, lactea occupies higher levels 
on the shore. In some parts of East Africa, as in a 
population in Pemba, the species occurred not with 
vocans but with (Amphiuca) chlorophthalmus and 
(Deltuca) urvillei, which occupied, respectively, suc
cessively lower levels on the shore, vocans being ab
sent from that particular community. In the Red Sea 
area (Massawa), Zanzibar, and Karachi, lactea oc
curred close to and even mingled with (Amphiuca) 
inversa, although inversa characteristically but not 
always occurred on higher, drier, more inland areas. 

Farther east, populations of lactea often occur 
close to those of (Celuca) triangularis, but always 
in a more exposed position, and, in my experience, 
without their burrows intermingling; in many locali
ties, however, the barriers between are fragile, tem
porary, or both, as when a group of lactea on the 
shore of a small, largely enclosed bay is separated 
only by a barricade of sand, less than a meter high 
and sometimes scarcely more across the top, from 
the tiny lagoon inhabited by triangularis. As in sev
eral such instances known in the Philippines, the 
lagoon may be cut off for months from the sea; yet 
the barriers are subject to swift destruction by storms 
or unusual tides. In an equally frequent example, 
populations of the two species occur on the opposite 
sides of natural estuaries, tidal marshes, or even 
artificial fishponds—lactea on suitable strips of shore 
close to the outlet to the sea, and triangularis near 
the inland boundary of the habitat, often slightly 
inside the mouths of small streams, with its burrows, 
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in such cases, on the steep banks. (See also pp. 286, 
289, and 297.) 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given in 
Appendix A, p. 611.) 

Observations and Collections. Ethiopia: Massawa. 
Pemba and Zanzibar. Mozambique: Inhaca I. Aden. 
Pakistan: Karachi. India: near Bombay; Ernakulam. 
Ceylon: Negombo. Malaya: Penang. Singapore. 
Sarawak: Santubong. Java: near Surabaja. North
west Australia: Darwin; Broome. New Guinea: near 
Madang. New Caledonia: near Noumea. Fiji Is.: Viti 
Levu (various localities). Samoa: near Upolu. Philip
pines: Tawi Tawi; Jolo; Zamboanga; Gulf of Davao 
(various localities); near Manila. Hong Kong. North
west Taiwan: Tamsui. Japan: Kyushu, near Fuku-
oka. 

Films. Massawa, Pemba, Zanzibar, Inhaca, Karachi, 
Negombo, Singapore, Santubong, Darwin, Broome, 
Madang, Noumea, Fiji, Zamboanga, Gulf of Davao, 
Manila, Hong Kong, and Tamsui. 

Sound Recordings. Massawa, Ernakulam, Negombo, 
Madang, Noumea, and Fiji. 

Videotape recordings. Negombo and Madang. 

T Y P E M A T E R I A L AND N O M E N C L A T U R E 

Uca lactea (de Haan, 1835) 

LECTOTYPE of Ocypode (Gelasimus) lacteus de 
Haan. In Rijksmuseum van Natuurlijk Historie, 
Leiden. 1 male of a group under cat. no. 254, all 
with the label "Uca lactea (de Haan) Burger Type 
Japan." Selected by J. Crane. Material includes 3 
other adult males, all in excellent condition, in alco
hol, as well as several smaller males and females. 
This group, along with a jar of other specimens from 
Japan (cat. no. 1575), show an excellent range of 
claw diversity; gonopods as described in present 
study for U. I. lactea. (!) 

In Paris 2 males and 1 female bear the locality 
label "Japon" and are listed as possible cotypes, hav
ing been received from Leiden. (!) (PI. 40 A-B.) 

Uca lactea annulipes (Milne-Edwards, 1837) 

LECTOTYPE of Gelasimus annulipes Milne-Edwards. 
In Museum National d'Histoire Naturelle, Paris. 
One male from a group of 3 in a single box with the 
label "Gelasimus annulipes Edw. Mer. des Indes 
M. Reynaud." Selected by J. Crane. They are listed 
by the museum as "types non specifies." Condition 
excellent, although dried, and showing the now well-
known variation in claw form. All 3 specimens were 

relaxed for gonopod examination; all gonopods are 
typical of those specimens referred in the present 
study to U. lactea annulipes. Measurements in mm: 
length 10.5; breadth 18.5; propodus 31 (= lecto
type). (!) 

Uca lactea perplexa (Milne-Edwards, 1852) 

TYPE MATERIAL. In Museum National d'Histoire 
Naturelle, Paris. 2 males in same box with the label 
"Gelasimus perplexus M. Besukuj Javae." They 
are listed as "types non specifies." Condition very 
poor, the specimens having been dried, wired, and 
somewhat crushed. It seems undesirable to designate 
a lectotype or neotype at present. The larger speci
men, about 9 mm long with the propodus 27 mm, 
was relaxed; the gonopod is clearly of the form re
ferred in the present study to the subspecies, U. 
lactea perplexa; the claws are also of characteristic 
shape. (!) 

Uca lactea mjobergi Rathbun, 1924 

HOLOTYPE of Uca mjobergi. In Naturhistoriska Riks-
museet (sektionen for evertebrat zoologi), Stock
holm: Male; measurements in mm: length 8.1; 
breadth 13.3; propodus 22 (Rathbun). Type-local
ity: Broome, Australia. 

Additional Type Material. In Smithsonian Institu
tion, National Museum of Natural History, Washing
ton: 2 male paratypes, cat. no. 56418. (!) 

Type Material of Gelasimus forceps Milne-Edwards, 
1837. The type description of this species is from 
parts of 2 specimens, belonging to different sub
genera, in the Museum National d'Histoire Naturelle, 
Paris, and joined by wire. The claw is that of a speci
men of lactea; it is the one illustrated by Milne-Ed
wards, 1852, PI. 3, Fig. 11a. The situation is de
scribed in the present contribution on p. 323. (!) 

Type Material of Gelasimus porcellanus Adams & 
White, 1848. In British Museum (Natural History), 
London. Label: "Gelasimus porcellanus White 1847. 
Lectotype (selected 1911, W. T. Caiman) Borneo. 
901. 444.106." Also a similarly labeled paratype. 
Both are clear examples of U. lactea annulipes. (!) 

Type Material of Gelasimus annulipes var. albimana 
Kossmann, 1877. Not located. Red Sea. 

Type of Uca annulipes var. orientalis Nobili, 1901. 
In Regio Museo Zoologico, Torino, cat. no. 1521. 
Samarinda, Borneo, 1 male. (!) Here synonymized 
with U. lactea perplexa. 

Material labeled Uca consobrinus, a name given in 
MS only, by de Man. 7 males with this name on the 
label are deposited in the Zoological Museum, 
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Amsterdam, but not designated as types; deposited 
in a single jar with 3 labels, as follows: (1) "Gelasi-
mus consobrinus de Man Batavia Collection de 
Man." (2) "g" [stands for position on shelf] "Zoolog 
Museum. Amsterdam. Colleckie de Man." (3) 
"Gelasimus consobrinus de Man Dr. J. Verwey 
Batavia 1928." Lengths 8 to 11 mm. These speci
mens all proved to be characteristic brachychelous 
examples of lactea annulipes. In answer to a ques
tion from me, Dr. Verwey wrote as follows in a letter 
(11 July 1959): ". . . you will have seen from my 
note on p. 185 of my paper on mangrove crabs that 
De Man, who identified my animals, gave the name 
consobrinus to the species in question, because he 
had become convinced that it was different from 
annulipes (Latr.) H. Milne-Edwards. I suppose that 
the description of his consobrinus was not published 
because he died a short time after having identified 
my animals, but I am not quite sure that his paper 
was not published after his death without my know
ing it." It seems now to be definite that de Man did 
not publish the paper, and that Verwey, in his 1930 
contribution, is the only author to have used the 
name. (!) 

Uca (Celuca) lactea annulipes 
(Milne-Edwards, 1837) 

(East Africa to Singapore; occasionally to 
central Philippines). 

M O R P H O L O G Y 

With the characteristics of the species. 
Gonopod practically without torsion; anterior 

flange longer than posterior and clearly wider, the 
pore being located in a narrow notch near posterior 
margin; thumb ending distinctly below flange base. 
Gonopore with marginal lip strongly tilted, its tip far 
above the sternal surface (and therefore appearing 
deeply depressed in the usual ventral view of the 
observer); no corneous brown pigment on rim of lip. 
Major cheliped: Outer pollex in African populations 
from Zanzibar and farther south almost always with 
a straight row of small tubercles along lower side; 
this structure is present only very rarely elsewhere 
and then weakly; supramarginal keel and groove 
present or absent, the keel tuberculate or smooth; 
predistal triangular tooth characteristically small or 
absent, except in eastern zones of mingling with per-
plexa, where it sometimes attains proportions typical 
of that eastern subspecies. Dactyl with upper margin 
convex throughout, notably flattened, central portion 
not wider than adjacent part of gape. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest males 
(Java: Leiden 2012 part) 
(Mozambique) 

Moderate male 
(Mozambique) 

Smallest displaying male 
(Ethiopia) 

Largest female 
(ovigerous) (Singapore) 

Smallest ovigerous female 
(Mozambique) 

Largest female 
(Mozambique) 

13.5 
11.5 

9.0 

4.0 

10.0 

7.0 

9.0 

19.0 

15.0 

7.0 

14.0 

11.0 

15.0 

43.0 
39.0 

26.0 

9.0 

-

-

-

28.5 

19.0 

5.5 

-

-

-

SOCIAL BEHAVIOR 

Waving Display 
Diminishing waves absent except in Massawa, Ethi
opia, at medium low intensities. Curtsy, confined to 
courtship, starts earlier than in /. perplexa or /. lac
tea, immediately after pause, as cheliped begins out
ward sweep of next wave. Otherwise about as in per
plexa, including downstrokes. Body held high on 
extended ambulatories during an entire series of cir
cular waves (without curtsies). Vertical waves ob
served only in eastern populations and then only in 
the young, the motion being prevalent in Sarawak. 

Uca {Celuca) lactea mjobergi 
Rathbun, 1924 

(Northwest Australia and northwest New Guinea) 

M O R P H O L O G Y 

With the characteristics of the species. 
Gonopod with slight torsion; anterior flange longer 

than posterior but scarcely wider, the pore being lo
cated in a broad and shallow notch, thumb ending 
distinctly below flange base. Gonopore with marginal 
lip only slightly tilted, scarcely projecting up into 
pore's cavity, much less than in /. annulipes; rim of 
lip corneous brown. Major cheliped: Oblique tuber
culate ridge inside palm unusually low for the spe
cies. Outer manus, pollex, and dactyl markedly 
smooth with little variation, individuals with relative
ly rough claws, such as occur in all other subspecies, 
not having been found in mjobergi. Outer pollex 
without a row of small tubercles along lower side; 
marginal keel and supramarginal groove absent; pre
distal triangular tooth very small to absent. Dactyl 
with upper margin convex throughout; breadth great-
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er than that of adjacent part of gape except in large 
specimens, especially leptochelous individuals, where 
the dactyl usually is clearly narrower than gape. 

Measurements (in mm) 

Largest male (Broome) 
Moderate male (Broome) 
Largest female (Darwin) 

Length 

10.0 
7.0 
7.0 

Breadth 

15.5 
11.5 
11.0 

Propodus 

25.0 
15.5 

Dactyl 

15.5 
9.5 

SOCIAL BEHAVIOR 

Waving Display 

Diminishing waves pronounced during moderate to 
high intensity display, each series starting with a reg
ular, circular wave and followed by two to four cir
cles of decreasing amplitude. Body raised and low
ered only during the first wave. Curtsies, confined to 
courtship, start at beginning of a series, the cheliped 
usually being held extended, with the waves inter
rupted throughout a series of curtsies, but with the 
cheliped not making downstrokes. Vertical waves not 
seen (no observations made during onset of a display 
period, especially in the morning, when they are most 
likely to occur). Synchronous waving observed brief
ly, when neighboring males were courting a single, 
wandering female. 

Uca (Celuca) lactea lactea 
( d e H a a n , 1835) 

(Hong Kong to Japan) 

M O R P H O L O G Y 

With the characteristics of the species. 
Gonopod with slight torsion; posterior flange long

er and wider than anterior, the pore located in a 
notch both wide and deep, each flange usually ex
tending well beyond it, although, as usual in the spe
cies, there is variation; thumb longer and larger than 
in any other subspecies, reaching well beyond flange 
base. Gonopore with a marginal lip moderately tilted 
up into pore's cavity; rim of lip corneous brown. 
Major cheliped: Oblique tuberculate ridge on palm 
sometimes continued slightly along lower margin of 
carpal cavity. Outer pollex without a straight row of 
small tubercles along lower side; supramarginal keel 
and groove present or absent, the keel minutely 
tuberculate or not, the tubercles when present some
times non-linear, continued ventrally around margin; 
groove frequently represented by a broad, smooth 
depression, often present even in individuals lacking 
supramarginal keel; predistal, triangular tooth usual

ly present but always poorly marked, being low, 
blunt and with a long base. Dactyl dorsally convex 
throughout, not notably flattened, not wider in cen
tral portion than adjacent part of gape except in the 
small specimens having claws otherwise of adult 
form. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male 
(Kyushu, Japan) 13.0 21.0 33.0 26.0 

Largest female (Kowloon, 
Hong Kong) 8.0 14.0 

Largest ovigerous female 
(Tamsui, Taiwan) 8.0 12.0 

Smallest ovigerous female 
(Kowloon, Hong Kong) 7.5 11.0 

SOCIAL BEHAVIOR 

Waving Display 

Diminishing waves absent. Curtsy starts with cheli
ped extended, usually laterally, most waves then be
ing omitted while a number of curtsies are performed 
in succession, with or without downstrokes of cheli
ped. Curtsy occurs during both threat and courtship. 

Uca {Celuca) lactea perplexa 
(Milne-Edwards, 1852) 

(Tropical West Pacific; occasionally to eastern India) 

M O R P H O L O G Y 

With the characteristics of the species. 
Gonopod with strong torsion, posterior flange 

slightly longer than anterior and clearly wider, the 
pore being set in a rather broad and very shallow 
notch; both flanges relatively short and broad com
pared with those of /. annulipes; thumb not as long 
or thick as in /. lactea, but similar and reaching be
yond flange base. Gonopore with marginal lip only 
slightly tilted, scarcely projecting up into pore's cav
ity, much less than in /. annulipes; rim of lip corneous 
brown; axis of lip directed obliquely forward, not 
toward midline as in the other subspecies. Major 
cheliped: Outer pollex very rarely with an indistinct 
row of minute tubercles, discernible among a usually 
general distribution of tubercles, making the outer 
pollex distinctly rough in most individuals of this sub
species; supramarginal keel and groove absent; pre
distal tooth moderate to large except in areas of 
mingling with annulipes, where it is sometimes small. 
Dactyl arched only in about distal fifth, starting at 
beginning of the strong, downward curve; more prox-
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imally its upper margin is virtually straight and al
most parallel to edge of gape; the dactyl's breadth 
beyond proximal end is therefore greater in most in
dividuals than usual in other subspecies, and in many 
individuals the dactyl is widest slightly distal to the 
middle; gape correspondingly narrowed; accordingly, 
the dactyl's width is greater than that of adjacent 
part of gape; outer surface of dactyl always smooth 
and somewhat flatter than usual in other subspecies. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male 
(Ryukyu Is.) 

Largest male (Jolo, 
Philippines) 

Moderate male (Jolo, 
Philippines) 

Largest female 
(Singapore) 

Largest ovigerous 
female (Singapore) 

Smallest ovigerous female 
(Zamboanga, Philippines) 

11.5 

10.0 

7.0 

10.0 

10.0 

6.0 

19.5 

17.0 

12.0 

16.0 

14.0 

10.0 

37.5 

34.0 

21.0 

-

-

-

. 24.0 

23.0 

14.0 

-

-

-

REFERENCES AND SYNONYMY 

Uca (Celuca) lactea (de Haan, 1835) 

The references to this species are not distributed 
among the subspecies because of apparent hybridiza
tion of the forms in parts of the range (see p. 294). 

Ocypode (Gelasimus) lacteus 

TYPE DESCRIPTION, de Haan, 1835: 54. Japan. 
(Leiden !) 

Gelasimus forceps (part; see p. 323) 

Milne-Edwards, 1837: 52 (part). 
Milne-Edwards, 1852: 148 (part); PL 3, Fig. 11a 

but not Fig. 11. (Paris !) 

Gelasimus marionis (not of Desmarest, 1825) 
Milne-Edwards, 1837: 53. Locality not given. 

Gelasimus annulipes 

TYPE DESCRIPTION. Milne-Edwards, 1837: 55; PI. 
18, Figs. 10-13. "La mer des Indes." ( = Type de
scription of subspecies U. lactea annulipes, as used 
in present contribution.) (Paris !) 

White, 1847: 36. India: Pondichery. 
Dana, 1852: 317. Singapore. Taxonomy. 
Milne-Edwards, 1852: 149, PI. 4, Figs. 15, 15a, 

15b. "Mers d'Asie." Taxonomy. 
Heller, 1865: 38. Ceylon; Nicobars; Madras. 
Hilgendorf, 1869: 85. Zanzibar. 

SOCIAL BEHAVIOR 

Waving Display 

Diminishing waves absent. Curtsy about as in /. lac
tea, starting with cheliped already extended laterally, 
waves being often omitted during a series of curtsies, 
and the cheliped often making downstrokes instead. 
In this subspecies curtsies with the cheliped extended 
are confined to courtship. In addition, similar mo
tions of the cheliped, toward or touching the ground, 
are made with the appendage flexed, apparently only 
during high intensity threat. At these times a regular 
curtsy sometimes accompanies the flexed downstroke. 
During circular waving of moderate intensity, the 
claw moves forward and slightly outward at lowest 
point of wave before coming to rest. Low intensity 
verticals present at least in some populations (New 
Caledonia and New Guinea). Alternating, pre-com-
bat waves prevalent between confronting pairs of 
males. Synchronous waving of a group of males ob
served several times; in each case a single wandering 
female was the focus of the waves, which shifted to 
the curtsy sequence as she approached any of the dis
playing crabs. 

Hoffmann, 1874: 18. Madagascar: Nossy Faly; 
Nossy-Be. Taxonomy. 

Kossmann, 1877: 55. Red Sea. 
Hilgendorf: 1879: 803. Mozambique: Inhambane. 

Taxonomy. 
Miers, 1879.2: 488. Rodriguez I. Taxonomy. 
Kingsley, 1880.1: 148; PI. 10, Fig. 22. Australia; 

Singapore; Zanzibar. 
Richters, 1880: 155. Mauritius: Fouquets. [Not 

seen.] 
de Man, 1880: 69. East Indies; Madagascar. 

Taxonomy. 
Miers, 1880: 310. Moluccas: Batjan (BM !) . 

Malaysian region. Taxonomy. 
Lenz & Richters, 1881: 423. Madagascar. Tax

onomy. 
Miers, 1886: 244. Philippines. Fiji Is.: Matuku. 

Taxonomy. 
de Man, 1887.1: 118. Mergui Arch. Taxonomy. 
de Man, 1887.2: 353. East Indies: Amboina 

(Leiden ! ) ; Insel Noordwachter. Taxonomy. 
Pfeffer, 1889: 29. Zanzibar. Tanganyika: Baga-

moyo. 
de Man, 1891: 39. Mergui Arch. Taxonomy. 
de Man, 1892: 307. Celebes. Taxonomy. 
Alcock, 1892.2: 415. India. Habits. 
Henderson, 1893: 388. India: Madras and neigh

borhood. Taxonomy; habitat. 
Alcock & Anderson, 1894: 202. India. Record. 
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Ortmann, 1894.1: 59; 67. Zanzibar. Tanganyika: 
Lindi. Color; habits; habitat. 

Ortmann, 1894.2: 758. Samoa: Upolu. Taxon
omy. 

Zehnter, 1894: 178. Amboina. Taxonomy. 
de Man, 1895: 577. East Indies: Malakka; Atjeh; 

Pontianak; West Borneo. Malaya: Penang. Taxon
omy. (All specimens except from Atjeh: Leiden !) 

Alcock, 1900: 353. Coasts of India and adjacent 
shores from Karachi to Mergui. Taxonomy. 

de Man, 1902: 483. Ternate. Taxonomy. 
Lanchester, 1902: 549. Malaya: Trenggano. "16 

males right-handed, 16 left-handed." 
Lenz, 1905: 365. Zanzibar: Kokotoni. Taxonomy. 
Lenz, 1910: 558. East Africa: Witu I. (Patta). 

Taxonomy. 
Sewell, 1913: 339, 344. Southeast Burma, includ

ing Tavoy I. Color; habits. 
Bouvier, 1915: 301; fig. Mauritius: Grand Port. 

Taxonomy. 
Kemp, 1915: 221. India: Chilka Lake, Orissa. 

Taxonomy. 
Kemp, 1918: 227. Siam. Color. 
Raj, 1927: 148. Ceylon: Gulf of Manaar (Krusa-

dai Is.). Taxonomy; color. 
Gordon, 1934: 10. East Indies: Bali; S. Manoem-

baai. Taxonomy. 
Tweedie, 1937: 141; Text Fig. la. 
Sakai, 1940: 32. Japan. Geographic distribution. 
Chapgar, 1957: 508; PI. 13. Western India: Bom

bay; Karwar; Okha; Kolak; Umarsadi. 

Gelasimus lacteus 

Krauss, 1843: 14, 39. South Africa. Brief color, 
morphology, habitat, habits. 

Milne-Edwards, 1852: 150; not PI. 4, Fig. 16: see 
p. 323. China (Macao). Taxonomy. 

Stimpson, 1858: 100. China; Macao. Habitat. 
Miers, 1879: 36. Korean and Japanese Seas. Tax

onomy. 
Kingsley, 1880.1: 149; PL 10, Fig. 28. Japan; 

Pondichery. Taxonomy. 
Cano, 1889: 92; 234. China: Amoy. Taxonomy. 
Ortmann, 1894.2: 759. New Guinea: Kaiser Wil-

helmsland. South Seas. Samoa: Upola. 
Alcock, 1900: 355. Andamans; Karachi. Taxon

omy. 
Stimpson, 1907: 108. Resume in English of Stimp

son, 1858. "Cum-sing-moon and Macao, China." 
Brief morphology; color in life chalk white; habitat. 

Sakai, 1940: 32. Japan. Geographic distribution. 
Shen, 1940: 231. Hong Kong: Kowloon and 

neighborhood. 
Lin, 1949: 26. Taiwan. 
Ono, 1959. Japan: Fukuoka, in estuary of Tua-

tera River. Ecology. 

Gelasimus porcellanus 
White, 1847: 36. No description. 
Adams & White, 1848: 50. Borneo. Type descrip

tion. (BM !) 
White, 1848: 86. No new material. 
Milne-Edwards, 1852: 151. No new material. 

Taxonomy. 
Kingsley, 1880.1: 155. No new material. Type de

scription quoted. 

Gelasimus annulipes var. albimana 
TYPE DESCRIPTION. Milne-Edwards, 1852: 150; PI. 
4, Figs. 18, 18a. Java. (!) ( = Type description of 
subspecies U. lactea perplexa, as used in present con
tribution.) Author lists his reference (1837, above) 
to G. marionis under heading of G. perplexus. 

A. Milne-Edwards, 1873: 274. New Caledonia. 

Gelasimus perplexus 

Kossmann, 1877: 53. Red Sea. Type description. 
Kossmann, 1878: 258. Reference to type descrip

tion. 

Uca annulipes 

Ortmann, 1897: 354. No new record. 
Nobili, 1899.2: 274. Australo-Malaysia; Andai. 
Nobili, 1899.3: 518. Sumatra: Siboga. 
Doflein, 1899: 193. Indian Ocean. 
Lanchester, 1900.1: 754. Singapore. Heterogony; 

color; habits. 
Lanchester, 1900.2: 258. Malaysia. Taxonomy. 
Schenkel, 1902: 580. Celebes: Kema. Taxonomy. 
Nobili, 1903.2: 20. Western India. Taxonomy. 
Nobili, 1906.2: 150. Persian Gulf. [No further in

formation on locality given.] Taxonomy; color. [The 
collector, M. Tramiet, was not a member of the ex
pedition.] 

Nobili, 1906.3: 312. Red Sea. 
Borradaile, 1907: 66. Seychelles. Habitat. 
Borradaile, 1910: 408. Aldabra I. 
Rathbun, 1910: 322. Siam. Habitat. 
Pearse, 1912.2: 113; text fig. Philippines. Habits. 
Kemp, 1915: 221. India: Chilka Lake, Orissa. 

Taxonomy. 
Laurie, 1915: 416. Red Sea. 
Roux, 1917: 614. New Guinea: Siari. 
Stebbing, 1917: 16. Natal. Taxonomy; color. 
Symons, 1920: 309; text figs. Ceylon. Habits. 
Balss, 1924: 15. Red Sea. 
Boyce, 1924: 250. South Africa: Durban Bay. 

Color; courtship; habits. 
Maccagno, 1928: 35; Text Fig. 20 (claw). Gulf 

of Aden; Italian Somaliland; Persian Gulf; western 
and southeast India; Singapore; East Indies (Sama-
rinda and Amboina). Includes some material previ
ously published by Nobili. Taxonomy. 

Sakai, 1936: 170. Palao Is. 
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Miyake, 1936: 511. Ryukyu Is.: Miyara mangrove 
swamp. 

Estampador, 1937: 542. Philippines. Local dis
tribution. 

Panikkar & Aiyar, 1937: 295, 301. India: Madras 
area. Local distribution. 

Suvatti, 1938: 74. Siam: Lem Ngob; Koh Chang. 
Miyake, 1938: 109 (probably part only). Micro

nesia: Ngardok; Babelthaoh; Palau Is.; Caroline Is.; 
Saipan; Mariana Is. 

Miyake, 1939: 190, 222, 241; PI. 16, Fig. 2. 
Micronesia: Palau Is. 

Sakai, 1939: 616. Japan: Misaki (fide Parisi); 
Loo Choo ( = Ryukyu = Nansei) Is.: Yaenama. 

Sakai, 1940: 28. General distribution. 
Chace, 1942: 202. Tanganyika Territory: Lindi. 
Vatova, 1943: 24. Italian Somaliland. 
Stephensen, 1946: 189, 210. Iranian Gulf. No new 

material. Lists Nobili, 1906.3 as giving the only rec
ord of occurrence of Uca in Iranian [Persian] Gulf. 

Buitendijk, 1947: 280. Malaya: Port Dickson. 
Barnard, 1950: 97; text fig. South Africa. Tax

onomy. 
Tweedie, 1950.1: 356. Borneo: Labuan. 
Fourmanoir, 1953: 89. Madagascar, near Canal 

de Mozambique. Color; ecology. 
Altevogt, 1955.1: 702; text figs. India: near Bom

bay. Morphology; habits. 
Altevogt, 1955.2: 501; text figs. India: near Bom

bay. Morphology; behavior. 
Day & Morgans, 1956: 277, 305. South Africa: 

Durban Bay. Ecology. 
Gordon, 1958: 238. Mozambique: Inhaca I. Syn

chronous claw-waving. 
Macnae&Kalk, 1958: 39, 67, 125. Mozambique: 

Inhaca I. Color; general behavior; ecology. 
Estampador, 1959: 100. Philippines. Local distri

bution. 
Sankarankutty, 1961: 113. Bay of Bengal: Anda-

man/Nicobar Is. 
Forest & Guinot, 1961: 141. New Caledonia. Tax

onomy. 
Macnae, 1963: 23. Mozambique (Inhaca I.) to 

Cape Province, South Africa (mouth of Umnagazana 
R.) . Local distribution; ecology. 

Feest, 1969: 159; text figs. Southeast India. Breed
ing biology; post-embryological development. 

Gelasimus annulipes var. lacteus 

Ortmann, 1894.2: 759. South Seas; Samoa; New 
Guinea (Kaiser Wilhelmsland). Taxonomy. 

Uca lactea 

Ortmann, 1897: 355. No new record. Includes 
G. a. var. orientalis. Taxonomy. 

Schenkel, 1902: 580. Celebes: Kema. Taxonomy. 
Stebbing, 1910: 327. Annotated references. 
Pesta, 1913: 57. Samoa: Upolu. Taxonomy. 

[Spelling of species name: lactaea.] 
Stebbing, 1917: 16; figs. South Africa: Durban 

Bay. Taxonomy. 
Parisi, 1918: 92; fig. Naviagori Is.; Formosa; 

Chichijimi; Bonin Is. Taxonomy. 
Tesch, 1918: 39. East Indies. 
Gee, 1925: 165. China: Cum-Sing-Moon; Amoy. 

Macao. Hong Kong. 
Maccagno, 1928: 29; Text Fig. 15 (claw). Bor

neo: Labuan. 
Kellogg, 1928: 356. China: Amoy. 
Gordon, 1931: 528. Hong Kong. 
Boone, 1934: 199; PI. 103. New Caledonia. 
Sakai, 1934: 320. Japan: Nagasaki. 
Kamita, 1935: 61, 69 ( = English resume). Yel

low Sea: western Korea. 
Takahasi, 1935: 78ff. Formosa. Habits. 
Sakai, 1936: 171. Palao Is. 
Miyake, 1936: 511. Ryukyu Is.: Miyara man

grove swamp. 
Miyake, 1938: Palau Is.: Babelthaob; Ngardak. 
Balss, 1938. Fiji Is. 
Sakai, 1939: 618. Japan: Ise Bay; Tosa Bay; coast 

of Miyazaki-ken. 
Miyake, 1939: 222: 242. Micronesia: Palau Is. 
Buitendijk, 1947: 280. Malaya: Port Dickson. 
Barnard, 1950: 96. South Africa. Taxonomy. 
Ono, 1962. Japan: Fukuoka, in estuary of Tatara 

River. Ecology, with special reference to substrate; 
interspecific behavior with other arthropods. 

Ono, 1965. Japan: Fukuoka, in estuary of Tatara-
Umi River. Ecology; feeding in relation to morphol
ogy of mouthparts. 

Macnae, 1966: 77, 79, 80. Australia: Queensland 
(Thursday I. to Port Curtis). Color; ecology. 

Uca annulipes var. orientalis 

Nobili, 1901.1: 13. Borneo: Sarawak. Type de
scription. 

Nobili, 1903.1: 21. Borneo: Samarinda. 
Maccagno, 1928: 36; Text Fig. 21 (claw). Bor

neo: Buntal. Taxonomy. 

Uca mjobergi 

TYPE DESCRIPTION. Rathbun, 1924.2: 9. Western 
Australia: Broome. ( = Type description of subspe
cies U. lactea mjobergi, as used in present contribu
tion. ) 

Uca consobrinus (= MS name of de Man. Material 
in Amsterdam; !; see p. 298). 

Verwey, 1930: 172ff. Java. Ecology. 
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58 UCA (CELUCA) [LEPTODACTYLA] LEPTODACTYLA RATHBUN, 1898 

(Tropical western Atlantic) 

PLATE 41 A-D. MAP 17. 
FIGURES 37 M; 56 F; 60 N, O; 69 K, L; 101. TABLES 9, 10, 12, 19, 20. 

INTRODUCTION 

Uca leptodactyla, Uruguayensis, and major are the 
only Atlantic species that attain the dazzling white 
shown by a number of forms in other parts of the 
tropics. Also, leptodactyla and two other Uca, 
minax and cumulanta, are the only builders of hoods 
in the Atlantic. As a final distinction, leptodactyla 
shares with the north temperate pugilator a prefer
ence for sandier, saltier habitats than those fre
quented by other Uca on the east coast of America. 

M O R P H O L O G Y 

Diagnosis 

Front moderately wide; carapace strongly arched. 
Anterior side of 1st ambulatory in male without a 
row of tubercles or a ridge on any segment. Major 
cheliped with triangular section of lower, proximal 
palm, practically smooth, the granules very minute; 
no subdorsal ridge and associated groove on upper, 
outer manus; pollex tip with a minute, inner keel. 
Small chela in both sexes with gape moderately wide 
with serrations obsolescent to absent. Gonopod with 
large flanges, both of which project clearly and un
evenly beyond pore. Female gonopore with outer 
margin strongly curved, the horns of the crescent 
directed outward. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

(Cf. U. deichmanni, p. 311) 

Carapace. Differs from deichmanni as follows. Front 
slightly wider; antero-lateral margin less concave; 1 
pair of postero-lateral striae present, though often 
weak. Carapace profile slightly less arched, although 
still almost semi-cylindrical. Suborbital crenellations 
very small to almost absent internally, but near outer 
orbital margin approaching strength and form found 
in deichmanni', they continue around outer orbital 
margin, being there even more numerous than the 
corresponding series in deichmanni', the most poste
rior is on the far side of the channel directly under 

the base of the antero-lateral angle, and hence ap
proaching in position deichmanni^ single tubercle on 
underside of antero-lateral angle; number and exact 
arrangement of crenellations and separated tubercles 
variable. 

Major Cheliped. Merus: Unusually long and slender. 
Antero-dorsal margin moderately arched, weak, not 
ridged except for a blunt, low thickening in large 
specimens; unarmed proximally or with a few gran
ules or small tubercles variously distributed; distally 
with the edge more distinct, armed principally with 
small rugosities. 

Manus: Bending of outer, upper surface distinct 
and moderately flattened, especially proximally. Out
er tubercles minute except on bent-over region, where 
they are larger and in an irregularly reticulate pat
tern, or partly in transverse rows. Dorsal, outer 
groove indistinct. Dorsal margin distal to carpal cav
ity with outer and inner edges indistinct; intervening 
surface flattened, smooth except for a few tubercles, 
some of them in obliquely transverse rows directed 
antero-internally. Cuff at base of dactyl sometimes 
with a few granules in lower part in addition to 
tubercles in the usual row starting here and continu
ing along pollex below gape. Ventral margin without 
a carina but regularly beaded as far as pollex base, 
the beads being small and similar throughout except 
for slight enlargement distally. Ventral, outer groove 
absent. 

Palm with lower triangle covered with extremely 
minute tubercles, slightly larger distally. Oblique 
ridge moderate, highest and the sides steepest in mid
dle of ridge rather than at apex; tubercles largest on 
highest part of ridge; beyond apex they continue 
slightly upward around carpal cavity but die out in 
small tubercles continuous with those of center palm. 
Center palm convex, with extremely minute tuber
cles or none; depression at pollex base moderate, op
posite upper part of pollex rather than lower. Carpal 
cavity with ventral margin broad and blunt; distal 
margin above upward extension of oblique ridge very 
low, the cavity merging gradually with center palm; 
upper part of cavity completely set off from predactyl 
area by beaded inner edge of dorsal margin which 
turns downward, sometimes with interruptions or ir
regularities in this portion, and by a proximal ridge 
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bounding predactyl area. Latter area slightly de
pressed, smooth, bounded dorsally also by a ridge; 
ventrally its margin slopes more gradually to center 
palm convexity. Distal ridge at dactyl base weak to 
absent. 

Pollex and dactyl: Dactyl curved throughout most 
of length, slightly deeper than pollex except distally. 
Gape in middle section wider than that of adjacent 
pollex. Dactyl with proximal, outer, subdorsal groove 
short to vestigial; entire proximal dorsal area with 
minute tubercles that, much diminished in size, con
tinue along dorsal margin beyond middle of segment 
and sometimes almost to tip; submarginal tubercles, 
always very minute, sometimes present along gape 
in both pollex and dactyl. Gape with outer and inner 
rows of tubercles sometimes weak, the inner row 
sometimes wholly absent on pollex in middle section 
and, distally, represented by a keel ending in a sharp 
angle close to tip; inner row on dactyl variably weak; 
middle row in both pollex and dactyl highly variable, 
never strongly marked, portions often irregular or 
minutely multituberculate. Pollex tip weakly bifid, 
sometimes almost trifid, where a slightly enlarged 
median tubercle approaches tip. Gape pile sparse. 

Minor Cheliped. Gape as wide or nearly as wide as 
pollex throughout most of its length. Serrations weak 
and not in contact, or absent. 

Ambulatories. 2nd and 3rd meri moderately slender, 
their dorsal margins scarcely convex to almost 
straight. No anterior modification of 1st ambulatory. 

Gonopod. Differs from the similar gonopod of deich-
manni (p. 312) in having the pore terminal, not sub-
terminal; posterior flange wider than anterior; edges 
of flanges variably truncate or produced, not rounded 
in an unbroken edge; inner process extending over 
posterior flange, covering canal partly or not at all. 
Thumb larger, almost reaching base of flange. 

Abdomen. 3rd to 6th abdominal segments incom
pletely fused. 

FEMALE 

Suborbital crenellations better developed than in 
male on inner half, but about equal to male's in outer 
portion. Gonopore strongly crescent-shaped, the 
horns directed outward. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male 
(Sao Salvador) 6.5 11.0 23.0 18.0 

Large male (Turiamo) 6.0 10.5 19.5 14.0 
Moderate male 

(Sao Salvador) 5.0 8.5 14.0 11.5 
Largest female (Turiamo) 6.0 10.0 - -

Morphological Comparison and Comment 

This species is the smallest Uca in the Atlantic. It is 
there distinguished from cumulanta and uruguayen-
sis, the only other Uca of similar size, by the charac
ters given in the diagnosis. In particular, it differs 
from cumulanta, its occasional northern sympatric, 
as follows. Middle abdominal segments fused; 1st 
major ambulatory without tubercles anteriorly on 
carpus; gonopod tip not tubular but with large, pro
jecting flanges; gonopore crescentic. From uruguay-
ensis, with which it coincides near Rio de Janeiro, it 
is distinguished by having no antero-ventral ridge on 
manus of 1st major ambulatory; by the leptomorphic 
meri of major cheliped and ambulatories, which are 
relatively long, slender, and almost straight; and by 
having on the gonopod both flanges projecting be
yond level of pore; for remarks on female identifica
tion see p. 230, under Uruguayensis. 

The closest relation of leptodactyla appears to be 
limicola in the Pacific. They share all major similari
ties, including both the moderate convexity of the 
carapace and the general form and strength of their 
armature. A minute subdistal crest on pollex is con
fined to leptodactyla. 

In the morphological description of leptodactyla 
another close relation, deichmanni, was selected for 
special comparison. This course was followed be
cause, in contrast to limicola, deichmanni is known 
from material that is both relatively plentiful and not 
delicate. See also p. 219. 

Leptochelous examples with the fingers strikingly 
attenuated appear to be more prevalent in Brazilian 
populations than in the north. In such specimens the 
manus is often smoother. Whether or not minor vari
ations in the gonopod flanges are correlated with geo
graphic distribution is not known. Adequate material 
may eventually make a subdivision of leptodactyla 
desirable. 

Color 

Displaying males: Display whitening usually fully 
developed on carapace, often extending over all ap
pendages. The white phase is sometimes preceded by 
a yellow stage that ranges from orange to pale lemon, 
the carapace usually whitening in advance of the 
cheliped and legs. When not white, the major cheli
ped shows varying degrees of yellow, orange, or red; 
any of these hues may envelop the entire appendage 
except for the white finger tips, or it may be confined 
to one part of a single segment. Ambulatories and 
minor cheliped usually ranging, like the major cheli
ped, through a stage of red, orange, or yellow before 
attaining white. An interesting point is that members 
of populations even living in partial shade often 
whiten maximally. 

Females also whiten fully. 
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SOCIAL BEHAVIOR 

Waving Display 

Wave always lateral, straight to regularly circular ex
cept for a slight irregularity during high intensity. At 
these times the fingers are sometimes brought down 
slightly in front of the rest position and jerked abrupt
ly into place, somewhat as in batuenta and its allies, 
but without vibrations. An additional motion, appar
ently confined to courtship, consists of a single small 
lunge of the cheliped toward the female at the end 
of each wave. One or both of these motions may 
prove to involve stridulation, but observations, none 
of which were made after the start of acoustic studies, 
were inadequate to determine details and the motions 
do not show in the films. Minor cheliped may or may 
not make a corresponding motion during each wave; 
at times it certainly hangs motionless. Carapace is 
raised at least anteriorly with every wave, but no 
raising of the ambulatories occurs except in taking 
a few steps from side to side. At moderate intensities 
the waves range in length from about 1 to 2 seconds, 
each with a slight pause between but none at the peak 
position; at high intensity the rate is close to 2 waves 
per second. (Component nos. 4, 5, 9, 10, plus the 
special motions mentioned; timing elements in Table 
19, p. 656.) 

Hood Construction 

As usual in species with structure-making patterns, 
the hoods of leptodactyla are built sporadically by 
only part of the displaying males in few populations. 
In the present species I found them only in Recife 
and Fortaleza, while none were seen in Rio de 
Janeiro, Salvador, Venezuela, or Tobago. 

Acoustic Behavior 

Von Hagen (1967.2) reports successful recording of 
acoustic signals from leptodactyla in Trinidad. 

R A N G E 

West Indies, from Bahamas and Puerto Rico south; 
Mexico (see p. 307); South America from Turiamo, 
State of Aragua, Venezuela to Florianapolis, State 
of Santa Catarina, Brazil. The species has not been 
reported from Florida in recent years, and has never 
been recorded between Trinidad and Recife. 

BlOTOPES 

This species usually occurs only on shores washed by 
tides of fully marine salinity. The preferred sub
strates are relatively sandy for a Uca, with little or no 

admixture of mud, although sand then overlays a 
foundation of coral and mud on beaches protected 
chiefly by offshore reefs. In such areas leptodactyla 
often feeds far from its burrows close to low-tide lev
els, moving in droves along the water's edge where 
food is more plentiful, as does pugilator in equivalent 
temperate habitats. Sometimes it occurs at higher 
levels, among marine grasses in sandy soil that is 
covered only by spring tides; here, during dry spells, 
the fiddlers aestivate. Some populations occupy more 
muddy or clayey habitats in the partial shade of man
groves, but almost always in pioneering stands, on 
the edges of large bays or of islands exposed to waters 
of the open sea. (Biotope nos. 4, 5, 6, 9.) 

S Y M P A T R I C A S S O C I A T E S 

None in the sandier localities; among mangroves 
sometimes seaward of rapax or, unusually, burgersi. 

M A T E R I A L R E S U L T I N G F R O M F I E L D W O R K 

(The complete list of specimens examined is given 
in Appendix A, p. 613.) 

Observations and Collections. Puerto Rico; Turiamo, 
Venezuela; Tobago; Trinidad; Recife and Sao Salva
dor, Brazil. 

Films. Recife. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca leptodactyla Rathbun, 1898 

TYPES. In Smithsonian Institution, National Museum 
of Natural History, Washington. One male and one 
female, cat. no. 22315. Type-locality: near Fort 
Montague, Nassau, New Providence, Bahamas. 
Length in mm: male 5, female 7. (!) 

I agree with Chace & Hobbs (1969: 212), who 
write as follows concerning the spelling of lepto
dactyla: "It seems obvious that the selection of the 
specific name of this species was intended as adop
tion of Guerin's manuscript name, a noun in apposi
tion to the generic name [Gelasimus], which there
fore should have been spelled ''leptodactylus.'1 There 
is no absolute proof from the original description, 
however, that this was the intention, and we have 
therefore followed the advice of L. B. Holthuis to 
use the original spelling of the name. This decision 
was influenced further by the fact that Rathbun used 
this spelling in 1918, even though another species in 
the same genus was spelled istenodactylus> in that 
publication." 

In the Academy of Natural Sciences at Philadel
phia three males are labelled as the types of Guerin's 
species, described, in manuscript only, as Gelasimus 
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leptodactylus; their present catalogue number is 
9-2965. (!) They are doubtless the specimens men
tioned by Rathbun (1918.1: 420, 421, and refer-

REFERENCES AND SYNONYMY 

Uca (Celuca) leptodactyla Rathbun, 1898 

Gelasimus leptodactylus 

Guerin, in MS. [Not seen.] 

Uca leptodactyla 

TYPE DESCRIPTION. Rathbun, 1898.1: 227. [In 
Rankin, 1898.] (USNM !.) Bahamas. 

Rathbun, 1900.3: 136. Brazil: Rio Parahyba do 
Norte. 

Rathbun, 1902.1: 7. Puerto Rico. Taxonomy. 
Rathbun, 1918.1: 420; PI. 156. Bahamas; Cuba; 

Jamaica; Puerto Rico; Mexico; Brazil south to San
tos. ? U.S.A.: western Florida. Taxonomy. (USNM 
! most; Philadelphia !: Guerin's specimens from 
Mexico.) 

Luederwaldt, 1919.1: 384, 400. Brazil: Santos. 
Luederwaldt, 1919.2: 435. Brazil: Sao Sebastiao; 

Santos. 
Rathbun, 1924.3: 19. Curacao. Local distribution. 
Maccagno, 1928: 41 (part). (Not Text Fig. 25.) 

Brazil: Bahia. Nobili's specimens, referred by him 
(1899.1) to U. gibbosa, reidentified. Also specimens 
from Sao Sebastiao (Torino !) . 

Luederwaldt, 1929: 54. Brazil: Sao Sebastiao I. 

ences). The only locality given is Mexico, which 
constitutes the only record for either Mexico or Cen
tral America. 

Matthews, 1930; illus. Brazil. Color; hood con
struction; general habits. 

Oliveira, 1939.1: 126; PL 5, Figs. 25-28; PI. 6, 
Fig. 29; PI. 8, Fig. 47; PI. 13, Figs. 61, 62. Brazil: 
Rio de Janeiro. Taxonomy; color (p. 140). 

Oliveira, 1939.2: 496. Brazil: Rio de Janeiro. 
Ecology. 

Oliveira, 1939.3: 523. Brazil: Rio de Janeiro. 
Ecology: analysis of substrate. 

Crane, 1957. Trinidad; Brazil. Preliminary classi
fication of waving display. 

Gerlach, 1958.2. Brazil: Estado Sao Paulo at 
Cananeia. Social behavior including that of females 
during courtship. 

von Hagen, 1967.2. Trinidad. Tape recordings 
secured. (Preliminary statement.) 

Chace & Hobbs, 1969: 212; Text Figs. 71g, h. 
Taxonomy. Comments on spelling of leptodactyla 
(see also present study, p. 306). 

von Hagen, 1970.1: 227. Caribbean distribution; 
taxonomy. 

Uca gibbosa (not Gelasimus gibbosus Smith) 

Nobili, 1899.1: 5. Brazil: Bahia. Taxonomy. (See, 
under Uca leptodactyla above, Maccagno, 1928.) 
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59. UCA (CELUCA) [LEPTODACTYLA] UMICOLA CRANE, 1941 

(Tropical eastern Pacific) 

PLATE 41 E-H. MAP 17. 
FIGURES 70 F; 93; 101. TABLES 9, 10, 12, 19, 20. 

INTRODUCTION 

Uca limicola is known only from a few specimens, a 
brief observation in Panama, and two filmed se
quences. On this evidence it lacks outstanding pecu
liarities; morphologically its close relationship to 
leptodactyla in the Atlantic seems clear. 

M O R P H O L O G Y 

Diagnosis 

Front moderately wide; carapace strongly arched. 
Major cheliped with gape moderate, both fingers 
slender and tapering, the few enlarged teeth scarcely 
larger than the rest; no parallel ridges on triangle of 
lower palm. In both sexes outer suborbital crenella-
tions gradually, not abruptly, enlarged, with spaces 
between them; largest beside channel. Gape of small 
chelae moderate with serrations very small to ab
sent. Gonopod with a long thumb; no protruberance 
on pore margin but inner process projects slightly 
beyond it. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained slightly more 
than 4 times in that of carapace. Antero-lateral mar
gins slightly concave, slightly converging, angling 
with variable sharpness into dorso-lateral margins. 
Breadth of eyebrow about half diameter of adjacent 
part of depressed eyestalk. Suborbital crenellations 
moderately well developed throughout, with little size 
increase near antero-external angle; they continue, 
with wider separations, around outer orbital margin 
to channel. Lower side of antero-lateral angle mod
erately sharp. 

Major Cheliped. Merus: Antero-dorsal margin al
most straight proximally, definite but without a ridge, 
armed with minute tubercles; distally strongly arched, 
thick, armed with small tubercles and rugosities. 

Manus: Bending of outer, upper surface definite, 
beginning lower than usual, making the resultant dor

sal area exceptionally broad proximally; flattening 
slight. Outer tubercles small, slightly larger near dor
sal margin, where they are also more widely spaced. 
Dorsal, outer groove indicated only proximally where 
the tuberculated dorsal margin coincides with dorsal 
margin of carpal cavity. Dorsal margin distal to cav
ity poorly defined, without definite outer or inner 
edges, but marked only by a narrow band of low, 
sparse tubercles; these are slightly larger than those 
of the adjacent outer manus, and a few are set in 
roughly transverse rows. Ventral margin with an in
distinct row of multiple tubercles only slightly larger 
than those on adjacent surfaces, dying out at pollex 
base. Ventral, outer groove absent. 

Palm with lower triangle covered with extremely 
minute tubercles, slightly larger in ventral third, espe
cially distally; middle portion of triangle with a slight 
tendency to arrangement in narrow, vertical, or 
oblique bands, with smooth spaces between. Oblique 
ridge moderate, highest at apex. Tubercles in a regu
lar row, graduated upward, largest on apex; beyond 
apex they continue, slightly reduced in size and reg
ularity, up around carpal cavity, meeting downturn-
ing beaded inner edge of dorsal margin at level of 
predactyl area. Carpal cavity with ventral margin 
low, thick, blunt; distal side of cavity sloping steeply 
to upward continuation of tubercles beyond apex; 
upper part of cavity completely set off from predactyl 
area by beaded inner edge of dorsal margin which 
turns downward, and by the tubercles continued from 
apex. Predactyl area spacious, without a depression, 
covered with longitudinal bands of sharp tubercles 
that are virtually continuous with those of dorsal 
margin. 

Pollex and dactyl: Pollex with lower margin slight
ly convex. Gape wider than adjacent part of pollex. 
Dactyl with outer, proximal, subdorsal groove very 
short; surrounding area covered with small, low 
tubercles that die out toward middle of length. Pol
lex and dactyl with extremely minute tubercles cover
ing outer surfaces entirely and inner ones marginally; 
small pits unusually numerous. Gape rows all devel
oped. Pollex tip bifid. Enlargement of several or more 
tubercles on pollex and dactyl minimal and their 
location on gape variable. Gape pile almost absent. 
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Minor Cheliped. Gape slightly narrower than width 
of pollex, but width maintained throughout to the 
normally expanded tips of pollex and dactyl. Serra
tions very small to vestigial or absent. 

Ambulatories. 2nd and 3rd meri moderately slender, 
their dorsal margins scarcely convex to almost 
straight. No anterior modifications of 1st ambulatory. 

Gonopod. Flanges vestigial; pore large, with its inter
nal (anterior) lip lower than the external but with 
no trace of a projection; external (posterior) lip 
broadly angled. Inner process broadly triangular, flat, 
extending slightly beyond adjacent lip of pore. 
Thumb well developed, long, both arising and ending 
far proximal to corneous base of specialized tip. 

Abdomen. 3rd to 6th abdominal segments incom
pletely fused. 

FEMALE 

With the obvious exceptions, as in male. For taxo-
nomic purposes the following characters in combina
tion are probably the most useful: raised frontal 
margin; suborbital crenellations as in diagnosis; 
cheliped gape moderately wide with vestigial serra
tions; merus of 4th ambulatory slender. 

Measurements (in mm) 

Largest male 
(paratype) 

Holotype male 
Largest female 

(paratype) 

Length 

6.6 
5.8 

6.4 

Breadth 

10.0 
9.2 

9.8 

Propodus 

16.0 
15.8 

-

Dactyl 

11.0 
9.8 

-

Morphological Comparison and Comment 

Although limicola is superficially similar to doro-
theae, the gonopod is different in every component, 
most obviously in its long thumb. The major cheliped 
of limicola differs clearly in having the tubercles of 
the oblique ridge in a strong, regular row of single, 
not multiple, tubercles, while the suborbital crenella
tions are externally separate, not close set. 

The nearest relation of limicola is probably lepto-
dactyla in the Atlantic, which it resembles closely in 
most characteristics (p. 305). 

Color 

Displaying males: Whitening absent, but individuals 
observed alive only once. Carapace and appendages 
brown except for the paler major manus and white 
fingers. 

SOCIAL BEHAVIOR 

Waving Display 

Wave lateral, strongly circular. No pause at wave's 
peak, but a definite pause in some waves before the 
peak, giving the effect of 2 jerks which are appar
ently unique during circular waves. No drumming. 
Minor cheliped usually does not make a synchronous 
motion. Body slightly raised with each display dur
ing which legs are not raised except in running from 
side to side, and during leg-wagging. Duration of 
each wave about 1.5 to more than 2 seconds, with 
short or long pauses between; series not well marked. 
(Component nos. 5, sometimes with pause before 
peak; 9 occasional; 10; timing elements in Table 
19, p. 656.) 

Acoustic Behavior 

Leg-wagging (component no. 5) occurred both dur
ing and between waves. 

RANGE 

Known from El Salvador, Costa Rica (Golfito), and 
Panama (near Old Panama). 

BlOTOPES 

Muddy flat inside mouth of a small stream, close to 
mangroves but not in shade; also slightly farther up
stream on banks in partial shade. (Biotope nos. 12, 
13, 14.) 

SYMPATRIC ASSOCIATES 

During the field observations in Panama a number of 
Celuca displayed in association with limicola. Inter
mingled was beebei; established several meters away 
were populations of batuenta and saltitanta and, 
within 50 meters more, oerstedi and deichmanni 
were also active. The specimens collected in Costa 
Rica from farther upstream were not observed in life. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 613.) 

Observations and Collections. Costa Rica: Golfito; 
type series collected. Panama: near mouth of Rio 
Abajo, close to Old Panama. Three filmed specimens 
observed, collected, and brought alive to Trinidad. 
Positive identification was made before releasing 
them in the crabberies; unfortunately they were not 
recovered. 

Films. Rio Abajo, Panama. 
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TYPE MATERIAL AND NOMENCLATURE 

Uca limicola Crane, 1941 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male cat. no. 
137415 (formerly New York Zoological Society cat. 
no. 381,152). Type-locality: Golfito, Costa Rica. 
Measurements on p. 309. (!) 

REFERENCES AND SYNONYMY 

Uca (Celuca) limicola Crane, 1941 

Uca limicola 
TYPE DESCRIPTION. Crane, 1941.1: 198; Text Fig. 
4t; PI. 4, Fig. 17; PI. 5, Fig. 22; PI. 6. Fig. 29. Costa 
Rica: Golfito. (USNM !) 

Holthuis, 1954.1: 41. El Salvador. Size record: 
Length 8.2 mm. 

Additional type material. One male and one female 
paratype from same locality in same institution, cat. 
no. 79401 (formerly New York Zoological Society 
cat. no. 381,153 part). (!) 17 additional male and 
female paratypes, now in very poor condition because 
of an accident in New York; from same locality in 
same institution, cat. no. 137416 (formerly cat. no. 
381,153 part, New York Zoological Society. (!) 

Holthuis, 1954.2: 163. Record of preceding refer
ence. 

Crane, 1957. Panama. Preliminary classification 
of waving display. 

Uca coloradensis (not Gelasimus coloradensis 
Rathbun) 

Bott, 1954: 171. El Salvador: El Zunzal. (Frank
furt!) 
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60. UCA (CELUCA) DEICHMANNI RATHBUN, 1935 

(Tropical eastern Pacific) 

PLATE 42 A-D. M A P 17. 

FIGURES 69 A; 93; 101. TABLES 9, 10, 12, 14, 19, 20. 

INTRODUCTION 

Usually found on somewhat sandier, more open 
shores than most Uca, deichmanni sometimes lives in 
close association with two other common Celuca, 
oerstedi and beebei. The waving displays of this trio 
can often be compared without even shifting focus, 
giving in capsule form an example of the obvious 
differences in display rhythm among the wealth of 
sympatric species that occur in the eastern Pacific. 
The pause at deichmannH point of highest reach, the 
lack of pause in beebei combined with its more hori
zontal wave, and oerstedi's slower, widely circling 
motion of the cheliped make each species unmistak
able. 

MORPHOLOGY 

Diagnosis 

Front moderately broad; carapace strongly arched; 
posterior part of branchial region in male divided 
longitudinally by a shallow furrow. Small cheliped 
with a wide gape, the obsolescent serrations scarcely 
visible. Major cheliped with upper, outer manus 
sometimes appearing eroded because of linear ar
rangements of the tubercles; pollex always with a 
subdistal, tuberculate tooth or crest. Gonopod with 
flanges well developed and with a moderate thumb. 
Female ambulatories slender, with dorsal margin of 
4th merus straight. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 4.5 times 
in that of carapace. Antero-lateral margins slightly 
concave, slightly converging or diverging, angling 
bluntly into dorso-lateral margins. One or both pairs 
of postero-lateral striae may be present, but always 
obsolescent; sometimes both pairs are absent. Cara
pace profile semi-cylindrical; hepatic and branchial 
regions fused, strongly arched above surrounding 
carapace; posterior branchial region divided longi

tudinally by a shallow groove. Eyebrow shorter than 
usual, its breadth slightly less than diameter of ad
jacent part of depressed eyestalk. Suborbital crenel-
lations notably strong throughout, although small in
ternally; most are long and separated, and continue 
around outer orbital margin, more widely separated, 
to channel. Lower side of antero-lateral angle vari
ably sharp, with a basal sharp tubercle similar to the 
crenellations adjacent on the other side of channel. 

Major Cheliped. Merus: Antero-dorsal margin mod
erately arched proximally, blunt, without a ridge, and 
unarmed; distally margin is practically straight, with 
small tubercles, serrations, or rugosities. Proximal 
part of dorsal surface, when intact, covered with ex
ceptionally long, soft setae. Carpus practically 
smooth. 

Manus: Bending of outer, extreme upper surface 
definite; flattening apparent, especially proximally. 
Outer tubercles minute, a little larger in a slightly 
convex area behind upper base of pollex, as well as 
on bent-over dorsal portion where they are also more 
widely separated. Erosions mentioned in type descrip
tion inconspicuous or absent; when present, they are 
due to effect of arrangement of some tubercles in 
upper half in vertical or oblique rows with small, 
smooth spaces, or smaller tubercles, between. Dorsal, 
outer groove absent. Dorsal margin distal to carpal 
cavity marked only by cessation of tubercles of bent-
over surface at edge of the vertical palm. Area out
side pollex base slightly granulate, as is adjacent pol
lex, rather than completely smooth; bounded on 
lower edge by a weak, tuberculate keel that starts 
more proximally in middle of palm and continues 
throughout length of pollex. Ventral margin through
out covered with small tubercles, most of which con
tinue the tuberculation of adjacent parts of the 
manus; the outermost tubercles, however, form a reg
ular row, and are slightly enlarged and of similar size 
throughout; tubercles end at pollex base. Ventral, 
outer groove strong. 

Palm with lower triangle covered with extremely 
minute tubercles, slightly larger near ventral margin 
and, especially, in distal part of triangle. Oblique 
ridge moderate, highest in middle of ridge rather than 
at apex. Tubercles largest on highest part of ridge; 
beyond apex a few tubercles continue upward a short 
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distance around carpal cavity, dying out in irregular
ities. Carpal cavity with ventral margin very low, 
thick, blunt; distal side of cavity sloping gently, its 
margin scarcely marked beyond ending of tubercles 
above apex; inner edge of dorsal margin not turning 
downward to bound upper distal part of cavity; no 
distal extension of cavity, the boundary being indi
cated by a definite edge marking proximal end of the 
flat predactyl area. The latter area is smooth or 
slightly bumpy, with a small, smooth, median depres
sion and, usually, with a few minute tubercles near 
its proximal and ventral boundaries. 

Pollex and dactyl: Pollex with ventral margin 
slightly convex. Gape toward middle equal to or 
wider than adjacent part of pollex. Dactyl with outer, 
proximal, subdorsal groove absent; entire area cov
ered with small tubercles which continue, diminish
ing in size, along dorsal margin. Pollex and dactyl 
with minute tubercles covering outer surfaces entire
ly and inner ones marginally. Gape rows all devel
oped, the inner rows both very weak in middle sec
tions and ending distally in a keel, either smooth or 
very minutely tuberculate. Pollex tip simple. Gape 
subdistally on pollex with a large, convex, tuberculate 
tooth or crest, appearing to arise partly from median 
and partly from outer row; extreme distal part of 
dactyl's median row faintly keeled with minute, sharp 
tubercles, very close set and diminishing regularly in 
size distally; in addition, a slightly enlarged tubercle 
sometimes present near dactyl's middle. Gape pile 
almost or entirely absent. 

Minor Cheliped. Gape wider than pollex through
out, the slender fingers tapering regularly, not ex
panded distally. Feeble serrations barely distinguish
able. 

Ambulatories. 2nd and 3rd meri slender, their dorsal 
margins practically straight. 1st carpus on major side 
roughened anteriorly by at most several minute 
tubercles. 

Gonopod. Flanges well developed, continuous distal
ly in a smoothly rounded edge beyond the subdistal 
gonopore on inner surface. Anterior flange wider 
than posterior. Inner process overlying distal part of 
tube, ending at gonopore, its tip blunt. Thumb mod
erately short and slender, its tip not nearly reaching 
base of flange. 

Abdomen. 3rd to 6th abdominal segments with slight 
traces of fusion. 

FEMALE 

Suborbital armature not stronger than in male. 
Even 2nd and 3rd ambulatories almost as slender as 
in male, the dorsal margins of their meri only slight
ly convex; merus of the extremely slender 4th leg is 
dorsally completely straight. 

Measurements (in mm) 

Largest male (holotype) 
(Rathbun) 

Large male 
Moderate male 
Largest female 
Ovigerous female 

Length 

7.9 
6.4 
5.5 
5.5 
5.0 

Breadth 

12.0 
10.0 
9.5 
9.5 
9.0 

Propodus 

18.0 
14.5 
-
-

Dactyl 

12.0 
10.5 
-
-

Morphological Comparison and Comment 

Although this species bears a general resemblance to 
limicola and leptodactyla, the armature of its major 
cheliped is more specialized and its carapace breadth 
relatively even greater, probably increasing the ca
pacity of its branchial chambers in adaptation to its 
somewhat more exposed and active life. The other 
species, such as festae, that show a longitudinal 
groove on the branchial regions are equipped with 
pile in the area, which is not true of deichmanni. 

Color 

Displaying males: Display whitening absent except 
on major manus and chela. Carapace greenish brown 
to pale gray. Major cheliped: Posterior merus and 
carpus brown to pale bluish green; outer manus and 
entire chela polished white; anterior merus, carpus, 
and palm purple red, pink, or pale yellow to white. 
Orbits, 3rd maxillipeds, and the suborbital and ptery-
gostomian regions pale blue green to violet blue; sub
hepatic region green to blue green. Minor cheliped 
pale orange pink to pink. At least 1st, 2nd, and 3rd 
ambulatories with anterior meri pale orange pink to 
pale yellow; posterior aspects and remaining seg
ments dark. 

S O C I A L B E H A V I O R 

Waving Display 

Wave lateral-straight. Major cheliped extended max
imally obliquely upward, the chela tip reaching high 
above eyes; a definite pause occurs in this position 
while there is no pause with the cheliped flexed be
tween the waves of a series. During each wave the 
dactyl is raised slightly to parallel pollex, minor cheli
ped does not make a synchronous motion, body is 
held raised throughout a series, and the ambulatories 
are not raised except to take a few steps to one side 
or the other. At both moderate and high intensities, 
display sometimes attains the rate of about 2 waves 
per second and 12 to 15 waves usually occur in a 
series. (Component nos. 4, 10, plus pause at peak: 
timing elements in Table 19, p. 656.) 

Often closely associated with waving is major-
mero-suborbital drumming; as described below it su-
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perficially resembles major-manus-drumming against 
the ground, which forms an integral part of waving 
display in cumulanta and other species. 

Acoustic Behavior 

It was formerly thought that in all species which 
vibrated the major cheliped the manus was always 
rapping against the ground, in the component here 
termed the major-manus-drum. In deichmanni film 
analyses show that in every distinct example of the 
vibration the manus does not touch the ground; in
stead the merus vibrates against an adjacent part of 
the carapace in a typical major-merus-drum. Syn
chronous drumming during combat is described in 
the next section. Unlike batuenta, for example, where 
some of the vibrations proved to be aerial only, in 
deichmanni contact with the carapace seems always 
to be made. Because of the indistinctness of some of 
the filmed examples, the occurrence of the major-
manus-drum is included here as a questionable com
ponent to be further checked. Additional components 
observed in the field and in films are minor-claw-
rubs, leg-wags, minor-chela-taps, and palm-leg-rubs. 
(Component nos. 1, 3, 4, 5, 7, ?9, 10.) 

During displacement cleaning, which is prevalent 
in this species, stridulation is strongly suspected. 

Combat 

The only known ritualized component is the dactyl 
slide (no. 6), which occurred between forceful push
ing and a forceful grip with incomplete fling. One of 
2 such filmed combats was interrupted between 
pushes by a series of mero-suborbital drummings 
given synchronously by both opponents; the 5 sepa
rate contacts of the merus with the carapace were 
divided by each crab into 2 groups of 3 fast and 2 
slow vibrations, and the timing even of these separate 
vibrations coincided. 

REFERENCES 

Uca (Celuca) deichmanni Rathbun, 1935 

Uca deichmanni 

TYPE DESCRIPTION. Rathbun, 1935.1: 51. Panama. 
Crane, 1941.1: 199; Text Fig. 4u; PL 4, Fig. 18; 

RANGE 

Port Parker, Costa Rica, to Old Panama, Panama 
City, R.P. 

BlOTOPES 

Bay shores open to marine tides, often on substrates 
of muddy sand, frequently mixed with small stones, 
or in pure sand close to its marginal merging with a 
mud flat; frequently near large, scattered stones. 
(Biotope nos. 4, 5, 6.) 

SYMPATRIC ASSOCIATES 

Groups of deichmanni usually live adjacent to or 
mingling with one or more of the following Celuca, 
depending on the substrate and on any muddier area 
with which it shares a border: oerstedi, beebei, steno-
dactylus, latimanus, and m. terpsichores. In addition, 
deichmanni often occurs along with heteropleura and 
stylifera, both members of the subgenus Uca. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 613.) 

Observations and Collections. Costa Rica: Port 
Parker, Piedra Blanca, Uvita Bay, and Golfito; 
Panama and Canal Zone: Bahia Honda, Panama 
City, Old Panama and nearby Balboa. 

Films. Near Old Panama. 

T Y P E MATERIAL AND NOMENCLATURE 

Uca deichmanni Rathbun, 1935 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History. Washington. Male, cat. no. 
70832. Panama. Measurements on p. 312. (!) 

PL 5, Fig. 23; PL 6, Fig. 30. Costa Rica and Pan
ama. Taxonomy; color; waving display. (USNM !) 

Crane, 1957. Panama. Preliminary classification 
of waving display. 
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61. UCA {CELUCA) MUSICA RATHBUN, 1914 

(Tropical and subtropical eastern Pacific) 

PLATES 42 E-H; 43 A-D; 49. 
FIGURES 26 if; 31 G; 39 E, F; 46 M; 49 A, B; 69 G, H; 

101. 

INTRODUCTION 

The outstanding structural characteristic of both sub
species of Uca musica is a distinctive stridulating 
mechanism. This consists of parallel striations on the 
manus and a row of tubercles on the 1st ambulatory, 
their positions being characteristic of less remark
able armature in a number of other Celuca. Although 
m. terpsichores has been observed in life, the func
tioning of this apparatus, presumably in the compo
nent termed the palm-leg-rub, has not yet been 
observed or recorded. U. m. terpsichores is also re
markable for fashioning the most perfectly shaped 
hoods known in the genus. These structures are also 
the largest in comparison with the size of the crab, 
and no populations have yet been found in which at 
least some of the displaying males did not make 
hoods on any given day. 

Since color, display, and biotope are all unknown 
in m. musica, they are described only under the head
ing of m. terpsichores. 

MORPHOLOGY 

Diagnosis 

Front moderately wide, its anterior margin obsoles
cent; eyebrows very wide. Body cylindrical. Major 
palm with an oblique stridulating ridge on lower, 
proximal part, composed of parallel striae. A row of 
tubercles anteriorly on merus and carpus of 1st major 
ambulatory. Small chelae in both sexes with gape 
extremely wide and serrations absent. Female cara
pace microscopically granulate. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 3.5 to 
4.5 times in that of carapace, depending on measure
ment method, since the eyebrow's inner margin in 
this species is somewhat ambiguous. Antero-lateral 
angles acute, produced laterally. Antero-lateral mar
gins long, straight, diverging, rounding into dorso
laterals. Two pairs of postero-lateral striae, short and 

MAP 17. 
TABLES 9, 10, 12, 20. 

weak, sometimes obsolescent. Vertical lateral margin 
very weak. Carapace profile semi-cylindrical; hepatic 
and branchial regions fused, arched strongly above 
surrounding carapace; posterior, vertical, branchial 
furrow indicated. Frontal margin distally absent. Up
per margin of eyebrow very weak; eyebrow wide, 
about equal to diameter of adjacent part of depressed 
eyestalk. Suborbital crenellations small but distinct 
internally, very much larger near antero-external an
gle; they continue, separated and of equal height, 
around outer orbital margin almost to channel. 
Lower side of antero-lateral angle with moderately 
sharp edge. 

Major Cheliped. Merus: Antero-dorsal margin 
strongly arched throughout, with a rudimentary prox
imal ridge armed with a single row of minute, sepa
rated tubercles; distally the margin is not ridged, but 
armed with small rugosities and serrations. Carpus 
with sharp rugosities postero-ventrally; otherwise 
dorso-posterior surface is closely covered with minute 
sharp tubercles. Antero-dorsal margin sharp, some
times finely tuberculate. 

Manus: Bending of outer, upper surface only near 
dorsal margin, moderate; flattening slight. Outer 
tubercles minute over entire surface, except for slight 
enlargement on bent-over portion; there they are 
variably arranged in transverse or oblique rows, with 
occasional smooth cells among them, especially prox-
imally; middle, outer palm sometimes (m. terpsi
chores) with the tubercles in irregular vertical rows. 
Dorsal, outer groove absent. Dorsal margin distal to 
cavity not at all defined, rounding gradually into up
per palm, and covered with tubercles similar to those 
of outer manus, not arranged in rows. Cuff at base 
of dactyl smooth except ventrally, where a few 
minute tubercles occur in addition to the usual row 
that starts here and continues along pollex below 
gape. Area outside pollex base with a slight depres
sion, the boundaries indefinite; area either practically 
smooth or covered with minute tubercles. Ventral 
margin with a low, beaded keel, the beads of similar 
size throughout. Ventral outer groove present but 
shallow and narrow. Keel, beading, and groove all 
end at pollex base, although pollex is ventrally granu
late. 
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Palm's lower triangle with minute tubercles either 
covering it completely or absent in upper part. In 
addition, the triangle is marked by a wide ridge run
ning obliquely from carpal attachment to ventral 
margin; this structure is formed of about 8 to 16 
longitudinal, parallel striae; area above and distal to 
striae slightly concave. Oblique, tuberculate ridge 
high, highest slightly distal to apex. Tubercles very 
large throughout, except at ventral and dorsal ends; 
the largest, on highest part of ridge, are unusually 
outstanding, not contiguous, rather conical; beyond 
apex tubercles continue upward in a regular row 
along edge of carpal cavity as far as level of pre
dactyl area, where they almost touch the downcurv-
ing inner edge of dorsal margin. The usual slight de
pression at pollex base is either finely tuberculate or 
smooth. Carpal cavity deep, its ventral edge definite, 
thick but moderately sharp; distal slope steep; upper 
part sharply and completely set off from predactyl 
area, without a distal extension, by the tubercles of 
the downward curve of the weakly beaded, inner edge 
of dorsal margin, almost meeting tubercles of upper 
end of row extending dorsally from apex. Predactyl 
area covered by small tubercles which in ventral por
tion are set on a slight ridge dividing the area from 
center palm; a small, central depression present or 
absent. Proximal predactyl ridge with tubercles un
usually large and regular, but distal ridge and tuber
cles obsolescent to absent. 

Pollex and dactyl: Fingers notably slender; dactyl 
arching throughout its length. Gape very wide, being, 
throughout middle portion, about twice or more 
width of adjacent pollex. Dactyl with outer, proximal, 
subdorsal groove present or absent. Pollex and dactyl 
with minute tubercles covering outer and inner sur
faces at least marginally. Gape in both pollex and 
dactyl with external rows indistinct, except proximal-
ly on pollex; elsewhere the tubercles usually merge 
with those generally distributed; inner rows with 
tubercles distinct proximally only on pollex and 
usually not even proximally on dactyl; represented on 
both distally by a low keel which, on dactyl only, is 
very minutely tuberculate; median row present 
throughout on pollex; distal part of median row on 
dactyl keeled, surmounted by small tubercles, some
what serrate, very close set, and diminishing regu
larly in size distally. Middle section of dactyl's middle 
row very weak or absent. Pollex tip simple. A few 
slightly enlarged teeth present or absent on pollex 
and, proximally only, on dactyl. Gape pile almost or 
entirely absent. 

Minor Cheliped. Mano-pollex ridge extremely weak, 
almost absent. Manus wide, the pollex arising wholly 
from its lower, distal portion, so that the gape's base 
is notably wide. Pollex and dactyl much longer than 
manus, slender and arched, so that the gape is ex
tremely wide throughout, being twice or more width 

of pollex at all points. Serrations entirely absent. 
Fingers tapering to sharp points that meet imperfect
ly, the dactyl falling either inside or outside the pollex 
when apposed (in preserved specimens). 

Ambulatories. 2nd and 3rd meri moderately slender, 
their dorsal margins scarcely convex to almost 
straight. 1st carpus and distal end of 1st merus both 
with single rows of tubercles anteriorly on major side. 
The row on merus is oblique, running from near dis
tal end of dorsal margin to distal end of segment, 
above ventral margin. The row on carpus extends 
along almost full length of segment, about midway 
between dorsal and ventral margins. 

Gonopod. Anterior flange well developed, strongly 
curved, its distal margin sometimes extending slight
ly farther than that of pore; posterior flange absent. 
Pore moderately small, terminal, its inner (anterior) 
lip slightly lower than outer. Inner process broad, 
flat, overlapping part of pore and extending very 
slightly beyond it. Thumb well developed but short, 
ending more than its own length below corneous base 
of specialized tip. 

Abdomen. 3rd to 6th abdominal segments almost 
completely fused. 

FEMALE 

Carapace very finely granulate, especially antero-
laterally. Suborbital armature not stronger than in 
male. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

m. terpsichores 
Largest male (holotype) 6.3 10.4 16.0 
Moderate male (Panama) 4.5 7.0 10.5 8.0 
Largest female (paratype) 6.4 11.0 -

m. musica 
Largest male (Gulf 
of California) 8.0 14.5 22.0 17.5 

Moderate male 
(Isla Marguerita) 6.0 10.5 16.0 12.5 

Female: Tepoca Bay 
(Lower California) 7.0 11.0 

Morphological Comparison and Comment 

The two forms here considered subspecies differ in a 
number of minor details tending in each form in a 
single direction. In m. musica the combat armature 
of the claw is very slightly stronger while the ele
ments—striae and tubercles—of the palm-ambula
tory stridulatory apparatus are more numerous. In 
size m. musica is somewhat larger than is m. terpsi
chores. 

Females and clawless males can be distinguished 
readily from those of latimanus by the obsolescence 
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of the anterior marginal line of the front, and from 
those of deichmanni, limicola, and crenulata by the 
strikingly broad eyebrows. 

R A N G E 

From Baja California and the Gulf of California to 
Puerto Pizarro, Peru. It seems that records, substan
tiated only by photographs, from Vancouver and 
Seattle (Rathbun, 1918.1) must be incorrect. Per
haps formerly present near San Diego, California. 

MATERIAL RESULTING FROM FIELD WORK 

(The complete list of specimens examined is given 
in Appendix A, p. 614.) 

Observations and Collections. Nicaragua: Corinto. 
Costa Rica: Port Parker; Golfito. Panama and Canal 
Zone: Old Panama; Balboa. Ecuador: Puerto Boli
var. 

T Y P E M A T E R I A L A N D N O M E N C L A T U R E 

Uca musica Rathbun, 1914 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
22081. Measurements in mm: length 8; breadth 12.9 
(Rathbun). Type-locality: Pichilinque Bay, Gulf of 
California, Lower California. (!) 

Uca terpsichores Crane, 1941 

HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
137417 (formerly New York Zoological Society cat. 
no. 4144); measurements on p. 315. Type-locality: 
La Boca, Balboa, Canal Zone. (!) 

Additional type material. 1 male and 3 female para-
types in the same institution, cat. nos. 79405 and 
137418 (formerly New York Zoological Society cat. 
no. 4145) from the same locality. (!) 

Uca (Celuca) musica terpsichores 
Crane, 1941 

(Corinto, Nicaragua, to Puerto Pizarro, Peru; 
questionably from El Salvador) 

M O R P H O L O G Y 

With the characteristics of the species. 
Major Cheliped: Tubercles of outer manus smaller 

than in m. musica and, in middle region, tending to 

be arranged in irregular, vertical rows; area outside 
pollex base practically smooth, instead of covered 
with minute tubercles. Palm with tubercles absent 
from upper part of lower triangle; striae of triangle's 
oblique ridge number about 8 to 12, the ridge area 
being wider than in m. musica; depression inside pol
lex base smooth. Dactyl slightly less arched than in 
m. musica, resulting in a slightly narrower gape; dac
tyl's outer, proximal, subdorsal groove absent. Pollex 
and dactyl with outer, as well as inner, minute tuber
cles confined to marginal surfaces. Gape with distal, 
median, file-like row on dactyl not as strongly serrate 
as in m. musica. Minor Cheliped: Gape slightly nar
rower than in m. musica, with the fingers correspond
ingly less arched. Ambulatories: Tubercles on ante
rior merus and carpus of major side slightly less 
numerous than in m. musica, those on carpus being 
more widely spaced. Gonopod: Inner process slight
ly broader than in m. musica and thumb arising 
somewhat more proximally. 

Color 

Displaying males: Display whitening often complete
ly attained except for major cheliped. Carapace when 
not polished white has dull yellow markings dorsally. 
Major cheliped sometimes polished white except for 
bright pink on lower outer manus, base of pollex, 
and anterior merus; more often, when carapace is 
marked with yellow the entire merus is also dull yel
low, instead of white and pink. Minor cheliped and 
ambulatories entirely white. Females gray, not 
spotted. 

S O C I A L B E H A V I O R 

Waving Display 

From observations only; films not secured. Wave 
lateral, circular. Cheliped starts from an unusual po
sition with the chela extended straight in front of 
crab, touching or nearly touching ground; after the 
claw has reached its low peak it is brought down 
abruptly and without pause into the same position. 
During each wave the minor cheliped makes a weak, 
synchronous motion. Body held high off ground, the 
legs being stretched up throughout a series; ambula
tories at this time are not raised except in making 
occasional steps from side to side. At moderate in
tensity waving is at the rate of about 2 waves per sec
ond and at least 10 waves, separated by brief pauses, 
may occur in a single series. (Component nos. 5, 9, 
11, and, as described below, possibly 12.) 

During high intensity courtship the cheliped some
times stretches stiffly to the side and is either held 
motionless or vibrated, probably against the cara-
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pace in a mero-suborbital-rub or drum. Meanwhile 
various ambulatories are raised and lowered, appar
ently at random, but whether as stridulating leg-wags 
or as purely ritualized leg-waves is unknown. In the 
absence of recent observations and of any films, these 
suspected acoustic components are omitted from 
Table 12. 

Hood Construction 

General comments on these remarkable structures 
are given in the introduction to this species. Exam
ples measured up to 30 mm high and 20 mm wide, 
inside dimensions, while their thickness attained 5 
mm; in contrast, the height of the crab, which meas
ures less than 7 mm long, is always strikingly less 
than that of the hood, while the burrow's diameter is 
less than half the hood's breadth. All the examples 
seen were perfectly formed, smoothed on the inside, 
and with their edges overhanging the burrow's mouth. 

BlOTOPES 

Bay shores with a substrate of more or less muddy 
sand, usually with the mouth of a stream nearby; 
also found on an island, Jambeli, at the mouth of 
the large Guayas River, Ecuador. (Biotope no. 6.) 

S Y M P A T R I C A S S O C I A T E S 

The populations of m. terpsichores known to me 
were usually somewhat apart from other Celuca on 
the same beach. Nearby were often one or more of 
the following species: stenodactylus, beebei, or deich-
manni; in the subgenus Uca, stylifera was an occa
sional associate and, in Minuca, panamensis some
times frequented stonier areas at the end of the beach. 

REFERENCES AND SYNONYMY 

Uca {Celuca) musica Rathbun, 1914 

TYPE DESCRIPTION. See under U. (C.) musica musica, 
below. 

Uca (Celuca) musica musica Rathbun, 1914 

Gelasimus gibbosus (not of Smith) 

Streets, 1877: 113. Mexico: Lower California: La 
Paz. 

Lockington, 1877: 150. Mexico: Lower California. 

Uca (Celuca) musica musica 
Rathbun, 1914 

(Mexico: Baja California, west coast, north 
at least to Magdalena Bay; Gulf of California north 
at least to San Felipe and Guaymas; south of 
Gulf to San Bias in Nayarit) 

M O R P H O L O G Y 

With the characteristics of the species. 
Major Cheliped: Tubercles of outer manus slightly 

larger than in m. terpsichores, not in vertical rows on 
middle region; area outside pollex base covered with 
tubercles slightly smaller than those of adjacent outer 
manus and continuing on proximal part of pollex. 
Palm with lower triangle covered with minute tuber
cles; in upper part they are relatively wide-spaced 
and, near ventral margin, closer, larger, and longi
tudinally elongate; striae of triangle's oblique ridge 
number about 14 to 16, the ridge area being nar
rower than in m. terpsichores; depression inside pol
lex base covered by minute tubercles continuing onto 
pollex. Dactyl slightly more arched than in m. terpsi
chores, resulting in a slightly wider gape; dactyl's 
outer, proximal, subdorsal groove well developed; 
surrounding area covered with small, sharp tubercles 
that die out dorsally among the generally distributed 
smaller ones that extend toward dactyl tip. Pollex 
and dactyl with minute tubercles covering outer sur
faces entirely and inner ones marginally. Gape with 
distal, median, file-like row on dactyl more strongly 
serrate than in m. terpsichores. Minor Cheliped: 
Gape slightly wider than in m. terpsichores, the fin
gers being more arched. Ambulatories: Tubercles on 
anterior merus and carpus of major side more nu
merous than in m. terpsichores and on carpus set 
closer together. Gonopod: Inner process slightly 
narrower than in m. terpsichores and thumb arising 
slightly more distally. 

Uca stenodactylus (not Gelasimus stenodactylus 
Milne-Edwards & Lucas) 

Rathbun, 1898.2: 603. Mexico: Gulf of California 
(Pichilinque Bay). 

Uca musica 

TYPE DESCRIPTION. Rathbun, 1914.2: 127; Text Fig. 
5; PI. 10. Mexico: Gulf of California (Pichilinque 
Bay). (USNM !) 

Rathbun, 1918.1: 417; PI. 154. Mexico: Gulf of 
California; Guaymas Bay; La Paz; Mazatlan. Photo-
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graphic records, almost certainly erroneous, from 
U.S.A., labeled Seattle, and from Canada, labeled 
Vancouver I. Taxonomy. (USNM !) 

Balss, 1921: 698. Figure of stridulating organ. No 
new record. 

Schmitt, 1921: 280; Text Fig. 165. No new rec
ords. Taxonomy. 

Rathbun, 1924.4: 376. Mexico: Gulf of California 
(Tepoca Bay). 

Uca (Celuca) musica terpsichores 
Crane, 1941 

Uca terpsichores 
TYPE DESCRIPTION. Crane, 1941.1: 202; Text Fig. 

4w; PL 4, Fig. 19; PL 5, Fig. 24; PL 6, Fig. 31; PL 7, 
Fig. 37. Corinto, Nicaragua to Panama. Color; wav
ing display; hood construction. (USNM !) 

? Bott, 1954: 173 (? part). (Not Text Fig. 15; 
not PL 17, Figs. 15a, b.) El Salvador: La Union. 
Taxonomy. 

Crane, 1957. Panama; Ecuador. Preliminary clas
sification of waving display. 

Altevogt & Altevogt, 1967: E 1293. Film of wav
ing display. 

von Hagen, 1968.2: 428. Peru: Puerto Pizarro. 
Taxonomy; summary of waving display. 
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62. UCA (CELUCA) LATIMANUS (RATHBUN, 1893) 

(Tropical eastern Pacific) 

PLATES 43 E-H; 48. MAP 17. 
FIGURES 45 P-RR; 46 AT; 53 C; 70 C; 101. TABLES 9, 10, 12, 19, 20. 

INTRODUCTION 

The major cheliped of adult Uca latimanus closely 
resembles the claws of most half-grown fiddler crabs. 
The entire appendage is short, its manus broad and 
thick; the palm practically lacks an oblique ridge and 
the stumpy fingers are not only straight but far 
shorter than the palm, while the gape is a narrow slit 
edged with feeble tubercles. In all other character
istics of both morphology and behavior, this species 
is one of the most advanced in the genus. Everyone 
with an interest in the relation of structure to func
tion can only await with impatience some knowledge 
of combat techniques in this crab. 

M O R P H O L O G Y 

Diagnosis 
Front moderately wide; carapace strongly arched. 
Small chela with gape extremely wide, serrations ab
sent. Major cheliped with manus short and broad; 
fingers shorter than manus; gape extremely narrow; 
oblique, tuberculate ridge on palm practically absent. 
One pair of strong postero-lateral striae. Gonopod 
with well-developed flanges and a moderate thumb. 

Description 

With the characteristics of the subgenus Celuca (p. 
211). 

MALE 

Carapace. Frontal breadth contained about 4 times 
in that of carapace. Orbits straight. Antero-lateral 
margins long, sometimes concave, slightly diverging, 
angling into dorso-lateral margins. Each of the single 
pair of postero-lateral striae is always strong, but 
varies in length and curvature, if any; sometimes, on 
each side, two other striae, both very faint, occur near 
postero-external angle of carapace. Carapace profile 
semi-cylindrical; hepatic and branchial regions fused, 
arched strongly above surrounding carapace; antero
lateral part of hepatic region granulated. Eyebrow 
broad, at least equal to diameter of adjacent part of 
depressed eyestalk. Suborbital crenellations strong 
throughout, continuing, separated, around outer or
bital margin almost to channel. Lower side of antero
lateral angle with sharp edge. 

Major Cheliped. Merus: Antero-dorsal margin al
most straight proximally, not ridged, armed with a 
single row of minute tubercles or wide-spaced, small 
rugosities; distally strongly arched, with larger rugosi
ties and serrations. Carpus: Small tubercles of ante
rior margin usually largest distally. 

Manus: Bending of upper, outer surface practical
ly absent. Outer tubercles small and similar over en
tire surface, being enlarged slightly near dorsal mar
gin, where many are set on broad, low rugosities, the 
spaces between being smooth; most rugosities are 
vertical or oblique ridges; a few are mound-like. Dor
sal, outer groove faintly indicated, with interruptions, 
or absent. Dorsal margin bent over; relatively broad 
throughout but, as usual, broadest distally; slightly 
convex, not flat; except for the finely beaded dorsal 
edge of carpal cavity, no longitudinal rows of tuber
cles mark outer or inner edge; entire surface, from 
narrow portion adjoining carpus to broad distal end 
covered with sharp tubercles slanted in a distal direc
tion, smaller than those on outer palm and more 
closely set. Cuff at base of dactyl with lower half to 
two-thirds with tubercles like those on adjacent 
manus. Area outside pollex base not smooth, the 
tubercles of adjacent manus extending over entire 
area and continuing onto pollex. Ventral margin a 
blunt edge, the tubercles of outer manus continuing 
over it and merging with the smaller tubercles of ad
jacent palm. Ventral outer groove absent. 

Palm with lower triangle covered closely with 
minute tubercles, largest in upper part of triangle, 
smallest along entire length of ventral margin, where 
they are most closely set; this ventral band of small
est tubercles is widest proximally; in brief, the usual 
size relationships of tubercles on the triangle are re
versed. Oblique ridge almost absent throughout, rep
resented only by a very broad, low, blunt, angling 
of the meeting surfaces; apex very low. Tubercles in 
usual area of oblique ridge altogether absent except 
for a slight extension of the minute tubercles of lower 
triangle over the distal part only. Carpal cavity with 
lower margin very broad, low, blunt; distal margin 
very low, upper portion sloping gradually to pre-
dactyl area, from which it is partly cut off by an ir
regular row of non-contiguous, small to minute tuber
cles curving downward, continuing inner edge of 
dorsal margin; predactyl area tuberculate with an 
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elongate smooth depression; tubercles between de
pression and center palm extremely small and sparse, 
so that the area is not clearly separated from center 
palm. 

Pollex and dactyl: Both always much shorter than 
manus, straight, wide, thick, the dactyl slightly wider 
than pollex, proximally broad, the dactyl not curving 
at all beyond pollex, the two tips instead meeting 
distally; gape much narrower throughout than either 
pollex or dactyl. Dactyl with a short, outer, proximal, 
lateral groove; the usual outer, proximal, subdorsal 
groove represented by a crease only, the strong tuber
cles of area practically uninterrupted and continued 
to tip of segment. Outer pollex and dactyl covered 
completely with moderate-sized tubercles continued 
from outer manus, except in lateral dactyl groove; 
inner side of pollex also tuberculate except for the 
distal extension of the usual slight depression at pol
lex base; inner surface of dactyl smooth except near 
margins. Gape in both pollex and dactyl with outer 
row of tubercles distinct throughout and inner row 
indistinct distally; median row strong and complete 
in both, on pollex far separated proximally from both 
marginal rows, the tubercles contiguous throughout, 
rounded, largest proximally, diminishing in size dis
tally but remaining of similar shape. Tip of pollex 
notably wide and thick, not pointed, the small distal 
teeth of median row continuing regularly to its end. 
Gape pile plentiful. 

Minor Cheliped. Gape wider throughout than width 
of pollex. Serrations entirely absent. Fingers tapering, 
but to rounded, not pointed, ends; when apposed, the 
tips meet. 

Ambulatories. 2nd and 3rd meri wide for a Celuca, 
their dorsal margins moderately convex. 1st carpus 
anteriorly on major side with a broad, low ridge, the 
crest entire, running longitudinally along middle of 
proximal two-thirds of segment. 

Gonopod. Flanges well developed, the anterior the 
broader; gonopod practically terminal; inner process 
broad for the subgenus, covering most of posterior 
flange and canal region; tip rounded, extending be
yond proximal part of lip of gonopore; thumb short, 
not nearly reaching base of flange. 

Abdomen. 3rd to 6th abdominal segments almost 
completely fused. 

FEMALE 

Carapace with antero-lateral regions finely granu
late as in male. Suborbital armature not stronger than 
in male. With the obvious exceptions, the diagnosis 
applies equally well to both sexes. 

Measurements (in mm) 

Length Breadth Propodus Dactyl 

Largest male (Ecuador) 9.5 15.3 16.5 8.2 
Moderate male 

(Panama) 8.0 13.4 15.5 7.9 
Largest female (Panama) 8.6 13.5 - -
Moderate female 

(Panama) 7.5 11.0 
Holotype male 

(Mexico) (Rathbun) (Rathbun) (J.C.) (J.C.) 
6.3 10.0 10.0 5.0 

Morphological Comparison and Comment 

As with most of the Uca that show some paedomor-
phic characteristics, the closest relations of latimanus 
are not evident. Judging by the form of its carapace, 
it belongs among the Celuca which have specialized 
for an active life through guarding against desicca
tion; the minor cheliped is similar to those of its pre
sumed relations (p. 219). See also introductory re
marks, p. 319. 

Color 

Displaying males: Full display whitening developed 
on carapace only. Carapace dorsally when not pol
ished white is sparingly marked with gray blue or 
brown. Major cheliped with entire merus, carpus, and 
manus orange brown in varying shades, the outer 
manus always brightest; chela always entirely white. 
3rd maxillipeds, pterygostomian areas, subhepatic 
regions, and minor cheliped white. Ambulatories with 
anterior surfaces of meri of 1st, 2nd, and 3rd pur
plish red; remainder of legs anteriorly gray blue, 
posteriorly white, marked with gray blue or brown. 
Females olive brown, speckled with gold-colored 
spots. 

S O C I A L B E H A V I O R 

Waving Display 

Wave lateral, straight at low intensities, fully circular 
at high. The straight wave sometimes is broken by 2 
jerks during the unflexing out and up, and there may 
or may not be a pause at the peak of highest reach. 
In the circular wave of high intensity, jerks are al
most or wholly absent, but a distinct pause at the 
peak is usual. Dactyls of both chelae held slightly 
raised throughout. Body kept moderately high dur
ing a series. Ambulatories are not raised during dis
play and steps are not usually taken except in high 
intensity courtship, when the male turns as needed to 
keep facing the female. Wave widely various in dura
tion. Slight chasing of females in a poorly developed 
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form of herding has been observed several times. 
(Component nos. 4, 5, 6, 11, 14, plus the irregular 
pause at peak; timing elements in Table 19, p. 656.) 

During high intensity waving, including courtship, 
the minor cheliped makes circling mero-suborbital 
rubs, apparently as an integral display component. 
Ordinary unflexings of the minor cheliped in a mo
tion synchronous with display have not been ob
served. 

Hood Construction 

While not attaining the relative size and symmetry of 
those constructed by musica terpsichores, hoods are 
well formed and can be found in some part of most 
displaying populations. Their construction appears 
sometimes to be dependent on semi-lunar rhythms 
which differ in two levels of the same population 
(Crane, 1941.1). 

Acoustic Behavior 

The following components occur repeatedly in the 
several filmed sequences at hand: major-merus-rub, 
minor-merus-rub as described above, and leg-wag. 
An additional probable component, not shown with 
complete clarity, is a minor-claw-rub in which the 
minor chela reaches across the crab and rubs or 
plucks the dorsal part of the major merus. (Compo
nent nos. 1, 2, 3, 5.) 

RANGE 

La Paz, Lower California, to Puerto Bolivar, Ecua
dor. 

BlOTOPES 

Probably never exposed to large bodies of water or 

REFERENCES AND SYNONYMY 

Uca (Celuca) latimanus (Rathbun, 1893) 

Gelasimus latimanus 

TYPE DESCRIPTION. Rathbun, 1893: 245. (USNM !) 

Uca latimana 
Nobili, 1901.3: 52. Colombia: Tumaco. 
Maccagno, 1928: 42; Text Fig. 26 (claw). No 

new record. Taxonomy. 
Bott, 1954: 172; Text Fig. 14; PI. 17, Fig. 14a, b. 

El Salvador: Puerto el Triunfo. Taxonomy. 
Peters, 1955: 438ff.; Text Figs. 8, 26, 31, 32. El 

Salvador. Waving display; general behavior. 

to fully marine salinities, but occurring in a variety 
of sheltered habitats. The substrate ranges from mud
dy sand through sandy mud to mud on the flats and 
banks of small lagoons and tidal streams, usually 
close to mangroves; the crabs sometimes live among 
their shoots. While occasional small groups have bur
rows in partial shade the most active part of any 
population always occurs in full sunlight. (Biotope 
nos. 9, 11, 12, 14.) 

SYMPATRIC ASSOCIATES 

The most frequent associates of latimanus are prob
ably beebei and inaequalis. As with most hood-build
ers, individual latimanus usually group closely to
gether without a mixture of other species, although 
a number of others may be only inches away from 
the small colony. 

MATERIAL RESULTING FROM F I E L D WORK 

(The complete list of specimens examined is given in 
Appendix A, p. 614.) 

Observations and Collections. Mexico: Tenacatita 
Bay; Nicaragua: Corinto and San Juan del Sur; 
Costa Rica: Port Parker and Golfito. Panama and 
Canal Zone: Panama City and Balboa. Ecuador: 
Puerto Bolivar. 

Films. Golfito. 

T Y P E MATERIAL AND NOMENCLATURE 

Gelasimus latimanus Rathbun, 1893 
HOLOTYPE. In Smithsonian Institution, National Mu
seum of Natural History, Washington. Male, cat. no. 
17500. Type-locality: La Paz, Lower California. 
Measurements on p. 320. (!) 

Uca latimanus 
Rathbun, 1918.1: 422; PI. 157 (= holotype). 

Costa Rica: Gulf of Dulce: Santo Domingo. Taxon
omy. (USNM !) 

Crane, 1941.1: 201; Text Figs. 2, 3, 4v; PI. 6, Fig. 
33; PI. 7, Fig. 36; PI. 8, Figs. 38, 39, 40. Mexico to 
Panama. Taxonomy; color; waving display; hoods; 
habitat. (USNM!) 

Crane, 1944. Panama; Ecuador. Note on color 
changes in field. 

Garth, 1948: 61. Colombia: Humboldt Bay. 
Crane, 1957. Panama; Ecuador. Preliminary clas

sification of waving display. 



Systematic Uncertainties 

SPECIES NAMES, GEOGRAPHICAL RECORDS, 
AND UNDETERMINED SPECIMENS 

This section has three divisions. The first gives an 
annotated list of species names which cannot be 
placed satisfactorily, whether as valid species or as 
synonyms; it includes comments on geographical rec
ords where they are concerned in the discussion of 
the unacceptable names. The second section lists 
questionable geographic records alone, each under 
the name of a species here regarded as valid. In each 
of these two sections the forms are listed alphabeti
cally under the name of the species, with a cross-
reference, when pertinent, to other comments in the 
text. The last division lists several specimens of Uca 
of special interest that are not given specific names 
in this contribution. 

Current locations of the specimens discussed are 
preceded by the word in, followed by the name of 
the city. The full name of the institution appears in 
the list of abbreviations, Appendix E, p. 678. 

1. S P E C I E S N A M E S 

The following names are not treated taxonomically 
in the systematic section: 

GELASIMUS AFFINIS Guerin, 1829: PI. 1, Fig. 3. 
(Not Gelasimus affinis Streets; see p. 171, in the ac
count of Uca (Minuca) burgersi, p. 168.) Guerin's 
species name rests on his illustration of a major claw, 
showing in outline form only the outer view, and its 
caption, reading in full as follows: "Fig. 3. Serre du 
Gelasime semblable (Gelasimus affinis Guer.)" The 
figure is placed next to Guerin's dorsal view of 
Gelasimus duperreyi (1829: PI. 1, Fig. 2 ) , which 
Guerin himself (1838: 10) rightly synonymized with 
Gelasimus tetragonon (= Uca (Thalassuca) tetra-
gonon in the present study; see p. 81). He also in
cluded in his synonymy of 1838 his other species, 
affinis. He implies, but does not state, that his speci
mens of affinis also were taken on Bora-Bora. The 
claw depicted in the reference of 1829: PL 1, Fig. 3 
certainly does not represent that of a specimen of 
tetragonon, although it could reasonably be referred 
either to chlorophthalmus or to lactea. While chlo-
rophthalmus occurs on Bora-Bora, lactea does not 
The material is not in Paris, nor does the name of the 

species appear on lists of the collections. In addition, 
it is not deposited in Philadelphia. Presumably this 
material is no longer extant. It seems clear that the 
name should be discarded on the bases of the absence 
of a specimen, the lack of descriptive material, and 
the ambiguity, inadequacy, and incompleteness of 
the illustration. 

GELASIMUS AMAZONENSIS Doflein, 1899: 193. In 
Torino (formerly in Munich). Clearly labeled "Tipo. 
Munich Teffe-Amazzon" and so considered by Mac-
cagno, 1929: 27, Text Fig. 14. This specimen 
proved to be an unmistakable example of U. c. 
chlorophthalmus, with a range restricted to the east 
coast of Africa. (!) The locality given, Teffe, spelled 
"Tefe" on modern maps, is far upriver from Manaos. 
I have found no trace of any other specimen so 
labeled, and since the locality given in the descrip
tion is an incredible one for the genus as known, 
some mistake obviously occurred. In the present 
contribution amazonensis will be found in the syn
onymy of chlorophthalmus (pp. 101, 103). (Note 
added in proof: von Hagen has meanwhile found in 
the Munich museum, the original depository, type-
specimens of G. amazonensis which he concluded in
dependently are examples of the species here re
ferred to as U. chlorophthalmus [personal communi
cation]. His report is in preparation.) 

GELASIMUS BASIPES. In Paris. Apparently a manu
script name. Source unknown. The following label, 
in ink, was the only one legible in a bottle of mixed 
Indo-Pacific narrow-fronted Uca: "Gelasimus ba
sipes. Museum Paris. Ajuthia. Bocourt. 1862." The 
only Ajuthia I have traced was the former capital of 
Thailand, located well upriver even before the delta 
was as extensive as at present. (!) 

GELASIMUS CUNNINGHAMI Bate, 1868: 447; fig. Rio 
de Janeiro, Brazil. Trichodactylus not Uca accord
ing to Goldi, 1885, 1886. 

GELASIMUS DEXIALIS. In Paris. Apparently a manu
script name of Latreille. Label: "Gelasimus dexialis, 
Latr. MM. Peron et Le Sueur. Australie." The single 
specimen is small, dried, and broken. (!) 



ACANTHOPLAX EXCELLENS Gerstaecker, 1856: 138. 
Rathbun (1918.1: 385) referred this specimen from 
Veragua, western Mexico, to U. insignis after ex
amining it in the Berlin Museum. Since some of Rath-
bun's material has proved to belong to the species 
U. ornata (Smith, 1870) and some to U. maracoani 
insignis (Milne-Edwards, 1852), the identity of ex
cellens remains in question. The type was apparently 
lost during the Second World War; if it is found, and 
proves to be an example of the species here termed 
ornata, the name excellens will have priority. (Pp. 
146, 153.) 

GELASIMUS FORCEPS Milne-Edwards, 1837: 52; 
1852: 148; PI. 3, Figs. 11, 11a. In the type descrip
tion, "Australasie" is given as the locality; in 1852, 
"Australie." In 1959 in Paris I examined the dried 
contents of a box with the following label: "Gelasi
mus forceps Latr. Type. Australie." The material 
superficially resembled a normal male Uca that had 
been dried, varnished, and glued to the bottom of 
the box, a procedure often followed with small crus
taceans toward the middle of the nineteenth century. 
Further inspection showed that while the carapace 
was in poor condition, having been crushed and 
glued together, the anterior region was intact. This 
area was unquestionably typical of Indo-Pacific, 
narrow-fronted subgenera, while the major cheliped 
was clearly that of an example of (Celuca) lactea. 
When the specimen was relaxed for gonopod study 
the claw proved to be attached to the body by a 
splinter or toothpick that had been run carefully 
through both parts. Furthermore, the body turned 
out to have a female's abdomen curving around the 
remains of a mass of eggs. 

Comparison of both carapace and claw with Milne-
Edwards' illustrations (1852) showed that the draw
ings are excellent representations of the composite 
"specimen" under examination. Therefore the acci
dent that led to the erroneous assembly of parts must 
have occurred before the drawings were made for the 
1852 paper, but not necessarily before the type de
scription of 1837. I could not certainly identify the 
female, the carapace of which measures about 11 mm 
in length. 

In the same museum case, adjacent to the box 
holding the material labeled "forceps" as described 
above, were two boxes labeled lactea, received from 
Japan through the museum in Leiden. One of them 
contained another monster, the major claw of a Del-
tuca male, perhaps an example of coarctata flam-
mula; the propodus, 32 mm long, had been glued to 
the body of a lactea, the carapace of which measured 
11 mm. The claw appears in Milne-Edwards' paper 
of 1852 as PI. 4, Fig. 16. The second box contained 
good representatives, two males and one female, of 
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/. lactea. No body was found that could belong with 
the Deltuca claw; the claw in the forceps box prob
ably was that of the specimen of lactea to which the 
Deltuca claw had been attached. 

It will be seen that at least three specimens were in
volved in the mix-up: an ovigerous female probably 
of the subgenus Deltuca, a male of the same sub
genus, and a male {Celuca) lactea. There seems to 
be no doubt but that the name forceps should be dis
carded. 

This name has appeared several times in the older 
literature (White, 1847: 36; Hess, 1865: 146; Kings-
ley, 1880: 144; Ortmann, 1897: 350); Ortmann 
synonymized bellator and signatus with forceps. In 
Paris specimens of lactea from Australia were labeled 
by A. Milne-Edwards in 1903 as "? forceps," show
ing that he was not aware of the ancient confusion. 

GELASSIMUS HUTTONI Filhol, 1886: 386. Type-
locality: Campbell I., New Zealand; Uca huttoni, 
Chilton & Bennett, 1929: 761. No new material. 
"Type—Paris Museum." I was unable to find the 
type, apparently the unique specimen, of this species 
in Paris, or to hear news of it elsewhere. Dr. R. K. 
Dell, of the Dominion Museum, Wellington, reports 
that all of Filhol's types went to France (personal 
communication). He and his colleagues believe it to 
be almost completely certain that Uca does not oc
cur in New Zealand. "I think we now know the lit
toral crab fauna fairly well (not that the Systematics 
are completely worked out but we do know what is 
here) and nothing approaching Uca has been seen. 
In this latter case it would be most surprising if the 
genus were to occur at Campbell Island where the 
crab fauna is particularly sparse and is obviously 
Subantarctic in derivation and relationship. . . . From 
our point of view we do not consider [U. huttoni and 
U. thomsoni] part of the New Zealand fauna." Fil
hol's description is insufficient for determining the 
specimen's affinities, and he published no illustration. 

UCA LEPTOSTYLA Nutting; 1919: 182. No descrip
tion. Antigua. Apparently a lapsus calami for some 
name already published, since the author refers to 
Rathbun's figures (1918.1). 

UCA MEARNSI Rathbun, 1913: 616. Known only 
from the female holotype from the Philippines. It 
has already been placed as a questionable synonym 
of U. {Deltuca) coarctata (pp. 53, 55, 57). Enough 
uncertainty remains to make it desirable to keep the 
name in mind by listing it here. 

GELASIMUS MINOR Owen, 1839: 79. Type-locality: 
Oahu, Sandwich Is. 

Type-specimens originally deposited in the collec
tions of the Royal College of Surgeons in London. 
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Dr. Jessie Dobson, curator of the College's Anatomy 
Museum, reports that these collections were de
stroyed during the bombing of the College in May 
1941 (personal communication through Dr. Isabel 
Gordon of the British Museum). There is no record 
of their having been transferred earlier to the British 
Museum or elsewhere. Although the type-specimen 
of G. minor is not mentioned by name in Owen's 
catalogue, which is still at the college, two specimens 
are described under the heading "Gelasimus duper-
reyi?" with a reference to the type illustration of 
duperreyi (Guerin, 1826, PL 1) . Owen may well 
have later decided to describe the two males as new; 
the locality given is "Oahu, Sandwich Island," which 
was given by G. Tradescent Lay, the collector of 
these and other specimens on the "Blossom" in 1826 
and 1827. Owen's catalogue mentions both that the 
claw was orange yellow and the body "liver-col
oured"; these terms would apply well to a vocans or 
a lactea perplexa, rather than to a tetragonon ( = 
duperreyi) or chlorophthalmus crassipes, the only 
two species reaching the longitude of Hawaii. The 
few morphological details given could apply to ex
amples of any of the four species, although the draw
ing seems rather clearly to depict a chlorophthalmus 
or lactea. However, no Uca material that appears 
certainly to have been collected in Hawaii seems to 
be extant. Edmondson (1933: 270, 1946: 311, and 
in personal conversation, 1956), was never able to 
find any trace of Uca on any of the islands he visited 
in the group, although he did extensive field work 
over many years and was alert to the possibility of 
the crabs' presence. To sum up, it seems probable 
that an error was made on the original locality label 
and that specimens, as indicated by the color notes 
and drawing, should have been referred to lactea. 
The name lactea de Haan, 1835, has priority over 
minor. In any case, the name minor should be un
available because of its use by Linnaeus, 1758, in the 
trinomial Cancer vocans minor, which he certainly 
applied to a member of the modern genus Uca (see 
below, p. 326). 

GONEPLAX NITIDA Desmarest, 1817. The references 
to this fossil crab are as follows: 

Goneplace luisant, Goneplax nitida 
Desmarest, 1817: 505. Type description. Speci

men in "collection du Museum d'Histoire naturelle 
de Paris." Type-locality unknown. 

Gelasime luisante—Gelasima nitida 
Desmarest, 1822: 106; PL 8, Figs. 7, 8. Further 

description with detailed illustrations. 

Gelasimus 
Desmarest, 1825: 124. Reference, at end of his 

account of living species in the genus, to the fossil 
described in the references above. 

Gelasime luisante—G. nitidus 
Milne-Edwards, 1837: 55. Cites above references; 

states that this fossil appears to be close to G. mara-
coani but has minor differences; and appends the ab
breviation " ( C M . ) , " indicating that the specimen 
was still in the collection of the museum. 

I can find no trace that the specimen was ever 
again discussed. In his 1852 account of the genus 
Milne-Edwards omitted a record of the fossil, but 
mentions Gelasimus nitidus Dana, 1851, from the 
Fiji Is. It is Dana's species to which subsequent 
authors have referred, usually as a synonym of the 
species treated in this study as Uca (Thalassuca) 
vocans (pp. 89, 94). 

The fossil specimen is no longer extant, according 
to the curators concerned in Paris, who undertook in 
1972 a thorough search of the collections of fossil 
crustaceans. The clear description and illustrations 
provided by Desmarest still cannot make the generic 
identification certain, since, as Desmarest points out, 
only the proximal part of one, very large cheliped is 
preserved, the second cheliped being either destroyed 
or wholly hidden. The surviving merus appears long 
and smooth, as occurs often in living species of Uca, 
while the carpus is large, apparently more coarsely 
tuberculate than in living forms, and ending in a large 
crest that is unique in both size and orientation. The 
manus and chela are unfortunately altogether miss
ing. The carapace and the partially visible ambula
tories agree well with those of some living species of 
Uca in the subgenera Deltuca, Thalassuca, and Uca. 
In view of the rarity of fossil specimens of Uca, even 
the data on this vanished specimen may one day 
prove of help in working out the evolution of arma
ture in the genus Uca or related groups. 

GELASIMUS PALUSTRIS. Milne-Edwards (1852: 148; 
PL 4, Fig. 13) heads his confused synonymy of G. 
palustris with the pre-Linnean reference "Cancer 
palustris, Sloane, Hist, of Jamaica, vol. II, p. 269 
(1725)." It seems, however, that Milne-Edwards is 
technically the author of the name, because Sloane 
uses the phrase Cancer palustris only in the descrip
tive heading introducing his account, as follows: 
"Cancer palustris cuniculos sub terra agens. Mara-
coani. Margr. p. 184, ed. 1648," in contrast to his 
preceding heading, "Cancer terrestris . . ." Sloane 
continues, "This crab agrees in everything to the 
Description of Marcgrave . . . " As already mentioned 
in the present study (p. 146) there is no later record 
of Uca (Uca) maracoani in Jamaica. Furthermore, 
Sloane's comments suggest that he was observing the 
smaller, more active rapax or burgersi rather than 
maracoani: "It is frequent in all marish Grounds 
and among the Mangroves by Passage-Fort. It makes 
itself Burrows and runs into them without any choice 
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of this or that, but into every one large enough to 
receive it as our Coneys often do." 

Milne-Edwards gives "Antilles" as the habitat. He 
mentions no material; even in 1837: 54, under 
"Gelasimus vocans, Desmarest," which he lists 
among his synonyms in the 1852 contribution, he 
does not include his frequently used note, "coll. du 
Museum" or " ( C M . ) . " 

In Paris, however, the collection includes two 
boxes of "types non specifies," each labeled "Gelasi
mus palustris; Guadeloupe; M. Duchassang." (!) 
The first contains a single male clearly referrable to 
the species known in the present publication as Uca 
(Boboruca) thayeri, carapace length 18 mm, propo-
dus 59 mm; the second contains a younger example 
of similar length but smaller propodus (35 mm); 
this one was relaxed and proved to have a gonopod 
altogether characteristic of thayeri. A third box 
also contained dried crabs labeled palustris but not 
regarded as types: three male rapax from "Sto. 
Domingue," and one male thayeri from Martinique. 
A fourth box contained two rapax and two burgersi 
from Marie Galante, and a vial of small examples of 
rapax from "Sto. Domingue." Other specimens, all 
dried, labeled palustris included examples of rapax 
from Rio de Janeiro, of thayeri from Brazil, and of 
minax from South Carolina. The front illustrated by 
Milne-Edwards was not that of one of the thayeri 
considered to be "types non specifies" but rather 
probably represented rapax; the figure of the claw, on 
the other hand, was not drawn from any of the speci
mens in the group and its identity remains uncertain. 
None of the material was labeled simply "Antilles," 
although Dr. Guinot suggested in conversation that 
Milne-Edwards could well have used that general 
term in his paper, rather than the name of a particu
lar island, and that he did not necessarily base his 
description on one specimen, or on examples from a 
single locality. From the short published description 
the salient characters cannot be determined. 

Rathbun (1918.1: 397) placed palustris, pre
ceded by a question mark, in the synonymy of pug-
nax rapax. Acceptance of the name palustris, along 
with the designation of a lectotype, would of course 
place in synonymy any of the younger but well-estab
lished names cited above. The obvious choice would 
be thayeri, on the basis of the specimens termed 
"types non specifies"; the illustrations, the non-corre
spondence between the localities on labels and in the 
type description, and the associated additional speci
mens argue against that course, as does the poor con
dition of the specimens. In view of all these circum
stances, it seems that the name palustris should be 
discarded. 

GELASIMUS POEYI. A name given by Guerin in man
uscript to specimens from tropical America. Placed 

in the synonymy of stenodactylus by Kingsley 
(1880.1: 154), along with Atlantic specimens now 
designated leptodactyla. I did not find the specimens 
at the Academy of Natural Sciences in Philadelphia. 

GELASIMUS RECTILATUS Lockington, 1877: 148; 
Uca rectilata, Holmes, 1900: 76; PI. 1, Figs. 10-14; 
redescription without new material; Uca rectilatus, 
Rathbun, 1918.1: 405; text fig. after Holmes. Type-
locality: west coast of Lower California. The two 
type-specimens, male and female, were destroyed in 
the San Francisco fire. Nothing similar to the illus
trations has since been reported from Lower Cali
fornia. The description is inadequate for present use. 
The drawings show the oblique orbits and simple 
armature of a juvenile, but several species occur in 
the eastern Pacific retaining similar characters as 
adults. 

GELASIMUS ROBUSTUS White, 1847: 35. Name only. 
Not found in BM. 

GELASIMUS RUBRIPES Jacquinot, 1842-1853: PI. 6, 
Figs. 2, 2B; Jacquinot & Lucas, 1853: 66. The type 
description states that the type-locality was unknown 
and that the specimen had not been given to the 
museum in Paris. In that institution a box now con
tains two dried male Uca, listed by the museum as 
"types non specifies," labeled as follows: "Gelasimus 
rubripes Hombr. & Jacq. M. Jacquinot. Raffles Baie." 
(!) The only Raffles Bay I have located is in north
west New Zealand and was a port of call on the 
"Astrolabe" expedition, on which the collections de
scribed were made. Difficulties at once arise. Not only 
has Uca almost certainly been absent from New Zea
land at least throughout historical times (see Gelasi
mus huttoni, above), but the type-locality was un
known to the authors when they described the 
species. In addition, the two presumed type-speci
mens in Paris prove to be examples of two western 
Atlantic species—rapax and either mordax or bur
gersi. (U. burgersi had not been distinguished from 
mordax when I examined the material in 1959.) 
Furthermore, the illustration definitely shows a nar
row-fronted Indo-Pacific form, although the species 
cannot be determined from it. Finally, the narrative 
of the expedition relates that the only American stops 
on the trip were around Tierra del Fuego and at Con
ception, Chile. To add to the confusion, the ship had 
sailing orders for Rio de Janeiro—a locality within 
the range of rapax and burgersi. Perhaps because of 
those sailing orders, a chapter is headed "Teneriffe 
a Rio Janeiro" [sic], although it contains no refer
ence to Rio whatever; possibly the title was inserted 
during the final editing after d'Urville's death. The 
conclusion is that labels were obviously mixed, but 
whether the accident happened on the voyage or later 
at the museum will probably remain a mystery. Since 
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then the name rubripes has been applied to a num
ber of Indo-Pacific species. In view of the various 
confusions described above, the name should, it 
seems clear, be discarded. 

GELASIMUS TENUIMANUS White, 1847: 35. Name 
only. Swan R., Australia. Not found in BM. 

GELASIMUS THOMSONI Kirk, 1880: 236; text fig. of 
major claw. Habitat given as Wellington, New Zea
land; Uca thomsoni, Chilton & Bennett, 1929: 731. 
No new material. Location of type material unknown; 
Dr. Dell reports (personal communication) that it 
has not been in the museum at Wellington for some 
time, although a number of Kirk's other types are still 
there. There is no record of the specimens in the 
British Museum. Information is insufficient for cer
tain identification, but the form of the illustrated 
chela makes it almost sure that thomsoni is a syno
nym of coarctata, which is unknown south of Queens
land. Kirk wrote: "Two males and one female of this 
singular and pugnacious looking crab were brought 
to me some time ago by one of the local fishermen." 
These circumstances make it exceedingly likely that 
the specimens were actually captured within their 
usual range far to the north, and reached the Wel
lington fisherman at second or third hand. If the 
specimens had been reported from within the range 
of coarctata, I would have included thomsoni with
out hesitation among the synonyms of coarctata. For 
Dr. Dell's comments on the unlikelihood of the oc
currence of a Uca in New Zealand, see p. 323. 

GELASIMUS VARIEGATUS Heller, 1862: 21. Type-
locality: Madras. I have been unable to locate any 
material referred to this species. In particular the 
type-specimen was not found in the museum in 
Vienna when I asked for it in 1963. According to 
the short type description in Latin, this species is 
close to annulipes but includes a denticulate crest on 
the major merus. Almost certainly variegatus and 
inversa are synonymous. However, inversa has not 
been recorded from eastern India, while variegatus 
was described from Madras. The specimens were 
collected on the round-the-world expedition of the 
"Novara." According to oral reports, mistakes on 
the labels have been encountered in other material 
resulting from that trip, and it is not unlikely that 
the type-material of variegatus was collected farther 
west. 

GELASIMUS VOCANS, as figured by Milne-Edwards, 
71836, PI. 18, Fig. 1, with caption. As stated on p. 
20, this single illustration stands for the type-species 
of the genus Gelasimus. Although important features 
of the figure do not depict with any accuracy the 
appearance of members of the species Uca vocans, 
by the standards of the day the drawing can be con
sidered an acceptable representation. 

Figs, la and lb on the same plate certainly repre
sent other species. The first, designated as "Gelasime 
platydactyle," is a realistic view of the orbital area, 
with eye and style, of a species later (1852) de
scribed by Milne-Edwards as G. styliferus (p. 142). 
Fig. lb, again attributed to G. vocans, shows part 
of an anterior view, including a very broad front 
found only in members of the subgenus Minuca. 
lc-g, representing maxillipeds, a sternum, and abdo
mens of both sexes, are specifically indeterminate. 

CANCER VOCANS MINOR Linnaeus, 1758: no. 14; 
Herbst, 1781: 81; PI. 1, Fig. 10. Indeterminate. 
Specimen apparently not extant. 

"A small Luzone crab with a large fight Claw, cat. 
189. These burrow in holes on the Shore." Petiver, 
1767: PI. 78, Fig. 5. The caption, cited in full above, 
is the only text and appears in the section entitled 
"Gazophylacii Naturae & Artis, Decas Septima & 
Octavay This plate is listed in the synonymy of 
Cancer vocans by Fabricius, 1775, under Ocypode 
heterochelos var. minor by Lamarck, 1801, and in 
the synonymy of bellator by Kingsley 1880.1. 

It seems likely that the illustration represents Uca 
coarctata, a species common near Manila. The orbits 
are shown as suitably oblique and sinuous, while the 
major chela has a large, subterminal projection on 
the dactyl, the gape of both dactyl and pollex being 
otherwise unarmed. 

According to his admirer, Sir Hans Sloane (1725), 
James Petiver did not usually take good care of his 
specimens, which he received from all over the world 
and drew with indefatigable zeal. It is therefore not 
surprising that the specimen of his "small Luzone 
crab" has apparently not survived, except as a figure 
in this long-posthumous edition. 

2. QUESTIONABLE GEOGRAPHIC RECORDS 

This section consists of a checklist of dubious locality 
records that hold special interest. They range from 
the inherently impossible to the somewhat unlikely. 
All of the specimens concerned have been examined 
by me, with three indicated exceptions. 

The forms are listed alphabetically, using the name 
of the species under which the material is recorded 
in the Systematic Section and in Appendix A. Details 
will be found on the pages listed below in paren
theses, following each locality. For geographic con
fusions in association with species names omitted 
from the Systematic Section, see the list starting on 
p. 322. 

Uca bellator. Nancouri, Nicobar Is.; Sydney. (Pp. 
66, 595.) 

U. burgersi. West Africa. (Pp. 327, 604). 
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U. coarctata c. Adriatic; Odessa; Tahiti. (Pp. 594, 
595.) 

U. demani typhoni. Tuamotu Arch. (Pp. 41, 593.) 
U. d. dussumieri. Tuamotu Arch. (Pp. 41, 593.) 
U. dussumieri spinata. Madagascar. (Pp. 35, 593.) 
U. forcipata. Zamboanga, at 10 fath.; Tuamotu 

Arch. (Pp. 41, 594.) 
U. maracoani maracoani. Jamaica. (Pp. 148, 

324; material not found.) 
U. maracoani insignis. Valparaiso, Chile. (Pp. 

146, 438.) 
U. musica. Seattle; Vancouver. (P. 316; material 

not found.) 
U. pugilator. Santo Domingo. (Pp. 226, 607.) 
U. tangeri. Bahia. (P. 123; material not found.) 
U. tetagonon. Hawaii. ("Sandwich Is."). (Pp. 

324, 597.) 
U. urvillei. Vanikoro. (Pp. 60, 595.) 

3 . U N D E T E R M I N E D S P E C I M E N S 

The following specimens I have not been able to 
determine; each may well prove to represent a new 
species of Uca. For lack of adequate material it seems 
unwise to describe and name them. All except no. 4 
are deposited in the Smithsonian Institution, National 
Museum of Natural History, Washington. No. 4 is 
deposited in the collections of the Allan Hancock 
Foundation, University of Southern California, Los 
Angeles, California. 

1. USNM cat. no. 43439. Labeled Uca tetragonon. 
Reef off Cebu, Philippine Is. This single male should 
undoubtedly be referred to the subgenus Australuca. 
The only species of this subgenus so far known from 
the Philippines is bellator, from which this form is 

clearly distinct. It also differs from the remaining 
species in the subgenus. Carapace length ca. 8 mm. 
Since specimens of Uca do not occur literally on 
reefs, a confusion in locality may exist, at least on 
the local level. 

2. NYZS cat. no. 41500. La Boca, Balboa, Canal 
Zone; Jan. 1941. Collected by J. Crane. Omitted 
from Crane, 1941.1. Uca. sp. One male in poor con
dition. Interesting, intrasubgeneric characters. 

3. NYZS cat. nos. 44200, 44201. Puerto Bolivar 
and La Salada, Guayaquil, Ecuador, respectively; 
April 1944. Collected by J. Crane. Two males of the 
subgenus Celuca, near members of the superspecies 
crenulata and their allies. Characterized most con
spicuously by antero-lateral patches of pile on cara
pace. 

4. Hancock Foundation. Cocos I. off Costa Rica. 
One male, tentatively identified as Uca zacae; its 
large size, with a carapace length of 9mm, far ex
ceeds that of recorded specimens. (See p. 207.) 

In an ambiguous category are five museum speci
mens with labels stating that they were collected in 
western Africa. They consist, first, of a molting fe
male from Liberia (USNM 21847) and, second, of 
three males and one female, all in very poor condi
tion, from the Cameroons (MCZ 8962); each of the 
males lacks the major cheliped. They are certainly 
members of the American subgenus Minuca, and 
probably examples of burgersi. At present it must 
remain uncertain whether the locality records are 
erroneous, whether the specimens are transatlantic 
strays, or whether they are members of an unde-
scribed species resident in Africa. 
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URVILLEI 

FIG. 7. Uca {Deltuca) urvillei (Milne-Edwards): example from 
Pemba I., Zanzibar, Tanzania; carapace length, 16 mm. A, dorsal 
view; B, major claw, inner view; BB, same, outer view; C, minor 
claw, outer view. (P. 58.) 

FIG. 8. Type-specimens of Gelasimus in the Museum National 
d'Histoire Naturelle, Paris. All described by Milne-Edwards; 1852. 
Localities are those given by Milne-Edwards and by the labels on 
the specimens. See text under name in parentheses. Anterior views 
of carapaces. A, Gelasimus dussumieri; Samarang ( = Uca dussu-
mieri dussumieri, lectotype). B, Gelasimus dussumieri; Malabar 
(= Uca urvillei). C, Gelasimus brevipes; Chine ( = Uca arcuata). 
D, Gelasimus urvillei; Vanikoro (= Uca urvillei, holotype). (Pp. 
35, 47.) 
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FIG. 9. Type-specimens of Gelasimus in the Museum 
National d'Histoire Naturelle, Paris. Data as in Fig. 8. 
Gonopods. A, Gelasimus dussumieri; Samarang ( = 
Uca dussumieri dussumieri, lectotype). B, Gelasimus 
coarctatus; Odessa ( = Uca coarctata, lectotype). C, 
Gelasimus brevipes; Chine (= Uca arcuata); D, Gelasi
mus urvillei; Vanikoro (= Uca urvillei, holotype). E, 
Gelasimus dussumieri; Malabar (= Uca urvillei). 
Thumb broken off. (Pp. 35, 47.) 

FIG. 10. Uca (Australuca) polita sp. nov.: holotype 
male; Gladstone, Queensland, Australia; carapace 
length, 15 mm. A, dorsal view; B, major claw, outer 
view; BB, same, inner view; C, carapace, anterior view; 
D, minor claw, outer view. (P. 72.) 
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VOCATOR ECUADORIENSIS 

FIG. 16. Uca {Minuca) vocator ecuadoriensis Nobili: 
example from Guayaquil, Ecuador. Carapace length: 11 
mm. A, dorsal view; B, major claw, outer view; BB, 
same, inner view; C, carapace, anterior view; D, minor 
claw, outer view. (P. 166.) 
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UCA LACTEA MJOBERGI 

17 C 

FIG. 17. Uca {Celuca) lactea mjobergi Rathbun: from 
Broome, Northwest Territory, Australia. A, dorsal view; 
B, major claw, outer view; BB, same, inner view; C, 
minor claw, outer view. (P. 299.) 

FIG. 18. Uca {Celuca) lactea: outlines of major claws, 
showing variation in shape in adults of two subspecies. 
A-F, as labeled. All examples from mature specimens. 
(Pp. 293ff.) 

8 LACTEA ANNULIPES LACTEA PERPLEXA 
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LACTEA MJOBERGI 

FIG. 19. Uca (Celuca) lactea: outlines of gonopod tips 
of all four subspecies, showing differences between 
forms and variations within the subspecies. A-P, as 
labeled. All examples from mature specimens. (Pp. 
294ff.) 



LACTEA PERPLEXA: Fiji 

LACTEA AN NU LI PES: Karachi 

LACTEA ANNULIPES: Mozambique 

FIG. 20. Uca {Celuca) lactea: outlines of gonopod tips 
in two subspecies to show changes with growth within 
single populations. A-K, as labeled. Carapace lengths in 
mm: A, 6.0; B, 8.0; C, 10.0; D, 9.3; E, 10.0; F, 11.0; 
G, 4.0; H, 7.7; /, 10.0; J, 11.0; K, 12.0. (Pp. 294ff.) 
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FIG. 21. Diagrammatic plan of principal biotopes sup
porting Uca. For key see Table 10; discussion on pp. 
444ff. 



22 

23 

FIG. 22. Same as Fig. 21, but semi-realistic view. FIG. 23. Biotopes, as diagrammed in Figs. 21 and 22, 
visible from near mouth of river. 
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HETEROPLEURA TRIANGULARIS BENGALI LACTEA ANNULIPES 

FIG. 24. Outlines of carapaces in six species of Uca, to show differences among species and changes with growth in each specie 
Carapace lengths in mm are as follows. (Deltuca) rosea: A, 1.7; B, 2.9; C, 13.0. (Uca) heteropleura: D, 4.0; E, 14.0. (Minua 
brevifrons: F, 3.4; G, 4.1; H, 18.0. (Celuca) triangularis: I, 2.5; J, 7.6. (Celuca) stenodactylus: K, 1.4; L, 2.0; M, 9.0. (Celua 
lactea annulipes: N, 4.0; O, 10.0. (Pp. 449ff.) 



345 

ROSEA STENODACTYLUS 

FIG. 25. Lateral views of carapaces in Uca to show changes with growth. Carapace lengths in mm are as follows. {Deltuca) rosea: 
4, 1.7; B, 2.9; C, 13.0. {Celuca) stenodactylus: D, 1.4; E, 2.0; F, 9.0. (Pp. 449ff.) 
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ORNATA 

FORCIPATA BURGERSI 

CHLOROPHTHALMUS CRASSIPES 
INAEOUALIS 

26 LACTEA PERPLEXA MUSICA TERPSICHORES 

FIG. 26. Comparative morphology of anterior aspect of carapaces in Uca, with special reference to the front, eyebrows, armature of 
orbits, and dorsal profile. Subgenera: A, B, Deltuca; C, Amphiuca; D, G, H, Celuca; E, Uca; F, Minuca. Drawn from mature 
males. (Pp. 452-454.) 

FIG. 27. Comparative morphology of anterior aspect of carapaces in Uca, to show changes with growth; with special reference to 
the front, eyebrows, armature of orbits, and dorsal profile. Carapace lengths in mm are as follows. (Deltuca) dussumieri spinata: 
A, 4.0; B, 7.6; C, 20.0. (Afruca) tangeri: D, 3.0; E, 6.0; F, 24.0. (Deltuca) urvillei: G, 5.0; H, 18.0. (Celuca) lactea annulipes: 
I, 4.0; J, 10.5. (Celuca) stenodactylus: K, 2.0; L, 9.0. (Pp. 452-454.) 
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FIG. 28. Uca (Uca) maracoani: A, antenna. B, C, antennule. (P. 454.) 

COARCTATA COARCTATA 

o 

STYLIFERA 

B 
BELLATOR BELLATOR 

D 

LACTEA ANNULIPES 

FIG. 29. Dorsal views in examples of four subgenera of Uca, showing general similarities of proportions. Subgenera: A, Deltuca; 
B, Australuca; C, Uca; D, Celuca. Segments of minor chelae illustrated: merus, propodus, and dactyl; of ambulatories: merus, 
manus, and dactyl. Drawn from mature males. (P. 461.) 
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D 
STENODACTYLUS 

s. 30. Changes in proportions occurring with growth, in examples of three subgenera of Uca. In each of the three species the 
per figure is a young male, the lower a mature male. Carapace lengths in mm are as follows. (Deltuca) rosea: A, 1.7; B, 13.0. 
'eluca) stenodactylus: C, 1.4; £>, 9.0. (Minuca) brevifrons: E, 3.4; F, 18.0. (Pp. 451, 462.) 
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COARCTATA COARCTATA 

B 

POLITA 

CHLOROPHTHALMUS 
CRASSIPES 

D 

LACTEA PERPLEXA 

INAEOUALIS 

MUSICA TERPSICHORES 

H 

ORNATA BURGERSl 

FIG. 31. Frontal views in mature males of eight species of Uca, showing range of differences in shape and proportions of eyes and 
eyestalks. Subgenera: A, Deltuca; B, Australuca; C, Amphiuca; D, Uca; E, F, G, Celuca; H, Minuca. (P. 454.) 



ROSEA 

HETEROPLEURA 

STENODACTYLUS BREVIFRONS 

LACTEA ANNULIPES TRIANGULARIS BENGALI 

IG. 32. Changes in proportions of eyestalks occurring with growth, in examples of six species of Uca. Drawn from males. Cara-
ice lengths in mm are as follows. (Deltuca) rosea: A, 1.7; B, 2.9; C, 13.0. (Celuca) stenodactylus: D, 1.5; E, 2.7; F, 9.0. 
\iinuca) brevifrons: G, 3.4; H, 4.7; /, 18.0. (Uca) heteropleura: J, 4.0; K, 14.0. (Celuca) lactea annulipes: L, 4.0; M, 9.0. 
Celuca) triangularis bengali: N, 2.5; O, 7.6. (P. 455.) 
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AA 

FIG. 33. Mouthparts in adult males of Uca maracoani 
and Ocypode albicans. A-FF, Uca maracoani', G-LL, 
Ocypode albicans. Mandible: A, AA, G. First maxilla: 
B, BB, H. Second maxilla: C, CC, I, / / . First maxilliped: 
D, DD, J. Second maxilliped: E, K. Third maxilliped: 
F, L. Gill of third maxilliped, enlarged, FF, LL. (P. 
455.) 

CC 
UCA MARACOANI OCYPODE ALBICANS 
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UCA MARACOANI OCYPODE ALBICANS 
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DUSSUMIERl MARACOANI BREVIFRONS STENODACTYLUS 

ROSEA DUSSUMIERl SPINATA 

BREVIFRONS STENODACTYLUS 
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DUSSUMIERI COARCTATA MARACOANI 

D 

BREVIFRONS STENODACTYLUS 

FIG. 34. Ischium and merus of left third maxiUiped in 
examples of four subgenera in Uca. A, (Deltuca) dus-
sumieri; B, {Uca) maracoani; C, (Minuca) brevifrons; 
D, (Celuca) stenodactylus. Throughout, the length of 
the ischium is used as the constant. Drawn from mature 
males. (P. 455.) 

FIG. 36. Merus of second maxiUiped in five species of 
Uca, to show relative abundance of spoon-tipped setae. 
Subgenera: A, B, Deltuca; C, Uca; D, Minuca; E, 
Celuca. (P. 455.) 

FIG. 35. Ischium and merus of left third maxiUiped in 
Uca to show comparison in young and mature crabs. 
Other data as in Fig. 34. Carapace lengths in mm are as 
follows. (Deltuca) rosea: A, 1.7; B, 13.0. (Deltuca) 
dussumieri: C, 4.0; D, 20.0. (Minuca) brevifrons: E, 
3.4; F, 18.0. (Celuca) stenodactylus: G, 1.6; H, 9.0. 
(P. 455.) 



1 I I 
DUSSUMIERI SPINATA TETRAGONON 

B DUSSUMIERI DUSSUMIERI TANGERI 

If 
COARCTATA COARCTATA HETEROPLEURA 

FIG. 37. Examples of spoon-tipped setae in 15 species 
and subspecies of Uca. Subgenera: A, B, C, Deltuca; 
D, Thalassuca; E, Afruca; F, G, Uca; H, I, Amphiuca; 
J, Minuca; K-O, Celuca. (P. 455.) The three views of 
each represent, from left to right, view toward concave 
surface, an oblique view of the same, and a profile 
view showing amount of distal curvature. MARACOANl MARACOANI 
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c ?;*< 

B 

D 

FORCIPATA 

DUSSUMIERl SPINATA 

H 

K 

J 

VOCANS VOCANS 

FIG. 38. Examples of dimorphism in claw of major cheliped in the subgenera Deltuca (A-H and M-X) and Thalassuca (I-L). In 
each species, outer views are on the left, inner on the right; brachychelous form above, leptochelous below. (P. 459.) 
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CHLOROPHTHALMUS CRASSIPES 

ORNATA 

MUSICA TERPSICHORES 

B 

D 

INVERSA I. 

FIG. 39. Examples of diversity of form in claw of major 
cheliped in Uca. Selections are from mature males in 
various subgenera: A, B, G, Amphiuca; C, D, Uca; E, 
F, I, Celuca; H, Minuca. Outer views on the left, inner 
on the right. (Pp. 457-460.) 

PUGNAX P. 

H 

SALTITANTA 



HETEROPLEURA BEEBEI 

FIG. 40. Examples of dimorphism in claw of major 
cheliped in the subgenera Uca (A, B) and Celuca (C, 
D), for comparison with Fig. 38. (P. 459.) 

B 

FIG. 41. Outer side of major claw in two subspecies of U. 
(Celuca) lactea: A, I. annulipes, from Inhaca I., Mo
zambique; pollex ridge here often reaches maximum 
development. B, I. perplexa from the Fiji Is.; dactyl 
breadth and triangular structure at pollex tip are usually 
more strongly developed in this eastern part of the spe
cies range than elsewhere. (Pp. 295, 639.) 
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FIG. 42. Semi-diagrammatic view of outer claw in Uca, 
to show location and general appearance of contact 
areas functioning during intermale combat. The organ
ization of the numbered regions into combat compo
nents is shown in Table 13. See also Table 14 and text, 
pp. 457ff and 487ff. The drawing is composite with 
characteristics drawn from a number of species. 

FIG. 43. As in Fig. 42, except that the view is obliquely 
iorsal, showing parts of both outer and inner surfaces 
sf claw. In this composite other examples have been 
ncorporated. 

"IG. 44. As in Figs. 42 and 43, except that the view is 
)f the inner (palmar) surface. Again, other examples 
tave been used in constructing the composite; for ex
ample, the armature of the gape in this drawing does 
lot correspond to that shown in Fig. 42. 
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ROSEA 

DUSSUMIERI SPINATA TANGERl 

AA 

CC 

GG 

ROSEA 

DUSSUMIERI SPINATA TANGERl 
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P ^ 3 

BREVIFRONS LATIMANUS 

OO 

BREVIFRONS LATIMANUS 

FIG. 45. Growth of major claw in six species of Uca. 
A-U, each claw drawn in proportion to length of that 
specimen's carapace; AA-UU, drawn with the length of 
manus constant throughout, to show changes in lengths 
of dactyl and pollex relative to manus. Carapace lengths 
in mm are as follows. (Deltuca) dussumieri spinata: 
A, AA, 4.0; B, BB, 7.6; C, CC, 12.0; D, DD, 20.0. 
(Afruca) tangeri: E, EE, 3.0; F, FF, 4.7; G, GG, 6.0; 
H, HH, 14.0; /, //, 24.0. {Deltuca) rosea: J, JJ, 1.7; 
K, KK, 3.4; L, LL, 13.0. (Minuca) brevifrons: M, MM, 
18.0; N, NN, 3.4; O, OO, 4.1. (Celuca) latimanus: P, 
PP, 3.0; Q, QQ, 4.6; R, RR,- 8.1. (Celuca) stenodac-
tylus: S, SS, 1.6; T, TT, 20.0; U, UU, 9.0. (P. 459.) 
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ROSEA SEISMELLA 

B DUSSUMIERI SPINATA TANGERI 

D 

COARCTATA FLAMMULA 
ORNATA 

BELLATOR BELLATOR PANAMENSIS 



BREVIFRONS 
M 

M.TERPSICHORES 

PUGNAX P. LATIMANUS 

K 
THAYERI T. 

O 
SALTITANTA 

//;;/// 

LACTEA ANNULIPES STENODACTYLUS 

FIG. 46. Examples of diversity of form in claw of minor 
cheliped. Seven subgenera in Uca are illustrated by one 
or more examples, all drawn from mature males. Sub
genera: A-C, Deltuca; D-E, Australuca; F, Afruca; G, 
Uca; H-J, Minuca; K, Boboruca; L-P, Celuca. (P. 460.) 



ROSEA BREVIFRONS - STENODACTYLUS 

FIG. 47. Growth of minor claw in three species of Uca, each claw drawn in proportion to length of that specimen's carapace. Prin
cipal setae included. Carapace lengths in mm are as follows. {Deltuca) rosea: A, 1.7; B, 13.0. {Minuca) brevifrons: C, 3.4; D, 
18.0. {Celuca) stenodactylus: E, 1.4; F, 9.0. (P. 461.) 

ROSEA BREVIFRONS STENODACTYLUS 

FIG. 48. Growth of minor claw in three species of Uca, drawn with the length of the manus constant throughout, to show changes 
in lengths of pollex and dactyl relative to manus. Setae omitted. Carapace lengths in mm are as follows. {Deltuca) A, 1.7; B, 13.0. 
{Minuca) brevifrons: C, 3.4; D, 18.0. {Celuca) stenodactylus: E, 1.4; F, 9.0. (P. 461.) 

FIG. 49. Armature of proximal triangle on palm and of first ambulatory in two species of the subgenus Celuca. A, B, musica musica 
C, D, beebei; a, striae and tubercles; aa, enlargement of single stria. (Pp. 278, 315, 458.) 
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FIG. 50. Armature of orbits in (Celuca) 
triangularis triangularis. Note differences in 
position and spacing of tubercles, forming a 
row on floor of each orbit, on major and 
minor sides. (Pp. 286, 290.) 

-AT-
C /S, rt~ •'•* y v '•'•It . >» 

B 

PROX <—C IANT?~^1-» DISTAL 

FIG. 51. Details of certain elements of ar
mature in {Celuca) triangularis triangularis: 
A, merus of minor cheliped, posterior view; 
B, first ambulatory merus, anterior view 
tilted slightly forward to show tubercles 
otherwise hidden; C, meri of minor and 
first ambulatory, anterior view, to show 
juxtaposition. The stippling illustrates posi
tions of tubercles on posterior side. (Pp. 
287, 290.) 



53 MARACOANI LATIMANUS STENODACTYLUS 

FIG. 52. Armature on third ambulatory in two sub
genera of Uca. A, posterior view, A A, dorsal view of 
carpus in male (Deltuca) dussumieri; B, BB, same in 
female. C, CC, corresponding structures in male 
(Minuca) rapax, the pile having been removed from 
CC; CCC, pile in place; D, DD, same in female (pile on 
carpus always absent). (Pp. 16, 17, 462.) 

FIG. 53. Form of abdomen in Uca, dorsal (external) 
views. A, usual form in male; B, female. C, male show
ing partial fusion of some segments characteristic of a 
few species of Celuca; D, male showing maximum fu
sion. (P. 463.) 
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DUSSUMIERI CAPRICORNIS DUSSUMIERI SPINATA DUSSUMIERI DUSSUMIERI 

HETEROPLEURA PRINCEPS P. RAPAX R. BURGERSI 

HH 
LACTEA MJOBERGI 

K 

LACTEA ANNULIPES LACTEA LACTEA 
KK; 
LACTEA PERPLEXA 

FIG. 54. Gonopores in examples of species and sub
species of Uca. A-G, gonopores alone; H-KK, gono
pores (lower row) of subspecies of (Celuca) lactea in 
comparison with distal view of gonopod in correspond
ing male. Subgenera: A-C, Deltuca; D, E, Uca; F, G, 
Minuca; H-KK, Celuca. (P. 465.) 

B 

FIG. 55. Eggs and pleopods in Uca (Uca) maracoani. 
A, pleopod; B, setae on exopodite; C, setae on endo
podite; D, attachment of eggs to setae on endopodite. 
(P. 465.) 



FIG. 56. Examples of gonopods in Uca, to show gen
eral range of shape. Outer views of right gonopods. A, 
(Deltuca) dussumieri spinata; B, (Thalassuca) vocans 
vocans; C, (Amphiuca) chlorophthalmus crassipes; D, 
(Uca) maracoani maracoani; E, (Boboruca) thayeri 
thayeri; F, (Celuca) leptodactyla; G, (Celuca) cumu-
lanta. (P. 463.) 

FIG. 57. Examples of gonopod tips in six genera of the 
family Ocypodidae. (P. 463.) 

MYCTYRIS HELOECIUS 

MACROPHTHALMUS 

OCYPODE 

DOTILLA TYLOD1PLAX 



58 373 

FIG. 58. Examples of characteristics of gonopod tips in 
Uca. A, simple flanges. B, large flange; thumb ending 
well below flange base. C, strong torsion. D, inner proc
ess spiny; genital pore large. E, inner process flat; genital 
pore small. F, inner process tumid; one flange deeply 
excavate; thumb large, reaching beyond flange base. G, 
inner process transparent; distal shaft of canal tubular, 
corneous, projecting; flanges inconspicuous to absent. 
H, edges of distal tubular shaft of canal clearly over
lapping; thumb absent. /, canal appears as a simple, nar
row tube fastened against a single flange that projects 
beyond it; thumb very long. (P. 463.) 

FIG. 59. Uca {Celuca) triangularis: variation in tips of 
gonopod. A, triangularis bengali, Penang, Malaya; B, 
triangularis triangularis, Magnanud R., Victorias, Ne-
gros Occidentalis, Philippine Is.; C, triangularis triangu
laris, Madaum, Mindanao, Philippine Is. Approximate 
carapace length in each, 8 mm. (Pp. 286, 463.) 
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DUSSUMIERI SPINATA 

VOCANS VOCANS 

MARACOANI MARACOANI 



CUMULANTA 

CHLOROPHTHALMUS CRASSIPES 

FIG. 60. Examples of gonopod tips in seven species of 
Uca, showing setae intact. Subgenera: A-B, Deltuca; 
?-E, Thalassuca; F-G, Uca; H-I, Boboruca; J-K, N-O, 
7eluca; L-M, Amphiuca. (Setae have been removed in 
ill other text-figures of gonopods.) (P. 463.) 
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FIG. 74. Sections through a gonopod of two species in 
Uca with well-developed flanges. Middle section of gon
opod omitted, as shown in Key. A-K, {Deltuca) dus-
sumieri dussumieri; L-N, (Celuca) lactea perplexa, tip 
only. Abbreviations: c, canal; t, thumb; ip, inner proc
ess; f, flanges. (P. 463.) 



B 

FIG. 75. Sections through gonopod of (Deltuca) urvil-
lei, a flangeless species with the tip tubular and pro
jecting. In Section G the tip of the thumb, t, is shown 
closer to the shaft than in the Key, to facilitate align
ment of drawings. Abbreviations as in Fig. 74. (P. 463.) 
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hepatopancreas 

.—stomach 

heart 

pericardial sac 

testis 

FIG. 79. Diagram of internal organs of male Uca (Uca) maracoani maracoani. Gonads partly developed. Kidneys omitted. Pre
liminary comparative work shows them to be far more extensive in some other subgenera, for instance in Minuca, than in (Uca) 
maracoani. (P. 469.) 
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heart 
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FIG. 80. Diagram of internal organs of female Uca (Uca) maracoani maracoani. Other data as in Fig. 79. 



391 

MACROPHTHALMUS sp. OCYPODE sp. DUSSUMIERI SPINATA COARCTATA C 

<%w^ 

H 
TANGERI TETRAGONON CHLOROPHTHALMUS 

CRASSIPES 
MARACOANI M. 

THAYERI T. PUGNAX P. MINAX STENODACTYLUS 

<©> o 

SALTITANTA BELLATOR LONGIDIGITA ANNULIPES 

he 81. Comparative sizes and shapes of gills in representative species of Macrophthalmus, Ocypode, and Uca. In each example the 
ills are drawn in proportion to carapace length, indicated by the bar on the left of each series, of a standard length throughout. 
op drawing: gill on third maxilliped; below it, gill on second maxilliped; below that, first regular gill; lowest drawing, largest (third) 
ill. Subgenera of Uca: C-D, Deltuca; E, Afruca; F, Thalassuca; G, Amphiuca; H, Uca; I, Boboruca; J-K, Minuca; L, M, O, 
'eluca; N, Australuca. (P. 469.) 
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MACROPHTHALMUS spL 

B 

OCYPODE sp. 

MARACOANI M. 

D 

HETEROPLEURA 

TETRAGONON 



F 

TANGERI 

G 

CHLOROPHTHALMUS 
CRASSIPES 

H 

COARCTATA C. 

I 

THAYERI T. 

FIG. 82. Comparative form of gill on third maxilliped in 
Macrophthalmus, Ocypode, and Uca spp. Drawing on 
far left in each series shows relative size and orientation 
of gill with respect to base of exopodite on third maxil
liped. All enlargements of the gills drawn to approxi
mately the same maximum dimension. Gill in /, U. 
thayeri thayeri, too vestigial to be shown in enlarged 
drawings, represented principally by setae shown in ori
entation drawing. Subgenera of Uca: C, D, Uca; E, 
Thalassuca; F, Afruca; G, Amphiuca; H, Deltuca; I, 
Boboruca. (P. 469.) 

FIG. 83. Parts of gill system in Uca. A, exopodite of 
second maxilliped in (Amphiuca) chlorophthalmus 
crassipes, showing poorly developed gill. B, same in 
(Celuca) lactea annulipes, the gill relatively well de
veloped. C, a fully formed gill, the first regular gill in 
(Uca) maracoani maracoani. (P. 469.) 



FIG. 84. Agonistic postures and associated motions in holder. F, the lateral-stretch (no. 10). G, low intensity 
Uca (Uca) maracoani maracoani. A, B, E, the raised- waving display directed toward a potential intruder into 
carpus, showing several intensities (agonistic component a burrow-holder's display territory. H, the flat-claw (no. 
no. 1 in text, p. 479). C, the creep (no. 11). D, 8). (Pp. 478ff.) 
aggressive wanderer reaching down burrow of a burrow-



85 

FIG. 85. Sound-producing mechanisms used in Uca in threat sit
uations. A, tubercles on ambulatory meri characteristic of fe
males in Deltuca spp.; B, diagram of linear arrangement of tu
bercles in Celuca spp.; C, protruding heel sometimes occurring 
in Minuca spp. and Celuca spp.; probably used in drumming 
on substrate. (Pp. 48Iff.) 

FIG. 86. Examples of combat components in Uca (Minuca) 
rapax rapax. A, dactyl slide: (crab on left is actor); B and C, 
heel-and-ridge with tapping in homoclawed encounter; D and E, 
interlace in two forms of encounter. In B the crab on the left is 
the actor, his dactyl tip touching his opponent's heel; in C the 
same actor's pollex on a reverse stroke is hitting the opponent's 
oblique ridge, his dactyl tip being now separated from the heel; 
the same pollex position is used during the rubbing of the oblique 
ridge during the earlier part of the component. The interlace 
shown in D illustrates the more usual, heteroelawed form of this 
component; the right-clawed crab on the right is the actor, get
ting into position to bring dactyl teeth against opponent's ridge 
along inner base of dactyl; see also PL 45, Figs. 5 and 6. E shows 
the interlace in its less common form, in homoclawed combat; 
the crab on the right is the actor, rubbing basal teeth of dactyl 
against basal teeth and outer tubercles of opponent's pollex. (Pp. 
487ff.) 

86 E 
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FIG. 87. Origins of waving display in Uca. 
A, feeding position, showing a pinch of 
substrate being brought to the mouthparts 
by the minor cheliped; B, vertical form of 
display, consisting of the elevation of flexed 
major cheliped; apparently derived from 
A; C, lateral threat posture; D, lateral extent 
of lateral display, derived from C. (Pp. 
523ff.) 
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FIG. 88. Waving display in Uca (Uca) maracoani mara-
coani. A, male waving at low intensity beside burrow. 
B, waving, high intensity, as female approaches behind 
male. C, female nearing burrow and about to descend 
it ahead of male, as waving display continues at highest 
intensity. Increased intensity shown by upward stretch
ing of ambulatories, higher upward reach of major 
cheliped, the chela held open and describing a circular 
motion, and the outward kicking of one or more ambu
latories. (Pp. 501ff.) 

FIG. 89. Precopulatory behavior and surface copulation 
in Uca {Uca) maracoani maracoani. A, one of postures 
assumed at approach of male by an unreceptive female 
(agonistic component no. 14, p. 480). B, plucking mo
tions by male with minor chela of female's carapace. 
C, copulating position. (Pp. 503ff.) 
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FIG. 90. Vertical display in Uca. All drawings made 
from selected frames of motion picture films; examples 
on left show rest positions between waves, those on 
right the maximum elevation of the cheliped, which is 
raised and lowered in a single plane. Note in the series, 
reading from the top down, the progressively higher 

reach of the cheliped and greater elevation of the cara
pace. A, B, Deltuca acuta rhizophorae (photographed 
in Singapore); C, D, (Australuca) bellator bellator 
(Philippine Is.); E, F, (Deltuca) demani demani 
(Philippine Is.). (Pp. 496ff.) 



FIG. 91. Lateral display in Uca. All drawings made from 
selected frames of motion picture films. A-D, (Celuca) 
lactea perplexa (photographed in the Fiji Is.) showing 
maximum development of the lateral-circular wave, in 
which the cheliped starting from the flexed position (/4) 
is unflexed outward (B), then raised (C), and finally 
returned (D) to the starting point. This wave is best 

developed in displays of moderate intensity; at low in
tensity or at high intensity during advanced display, the 
wave may be of a vertical or lateral single plane type. 
E, F, (Minuca) rapax rapax (Venezuela). Rest position 
and maximum cheliped reach of jerking-oblique wave, 
characteristic of moderate intensity display. Cheliped 
is unflexed outward, raised and lowered in a series of 
jerks. (Pp. 496ff.) 



W
A

V
E

 F
O

R
M

 A
N

D
 G

O
N

O
P

O
D

 S
H

A
P

E
 I

N
 

S
Y

M
P

A
TR

IC
 S

P
E

C
IE

S
 O

F
 U

C
A

 

S
E

C
O

N
D

S
 

FI
G

. 9
2.

 W
av

e 
fo

rm
 a

nd
 g

on
op

od
 s

ha
pe

 in
 s

ym
pa

tr
ic

 s
pe

ci
es

 o
f 

U
ca

. F
ro

m
 f

ilm
s 

m
ad

e 
{D

el
tu

cd
) 

du
ss

um
ie

ri
 c

ap
ri

co
rn

is
 a

nd
 

{D
el

tu
cd

) 
co

ar
ct

at
a 

fl
am

m
ul

a,
 a

re
 

cl
os

el
y 

in
 B

ro
om

e,
 n

or
th

w
es

t 
A

us
tr

al
ia

. 
B

as
e 

lin
e 

in
 e

ac
h 

re
pr

es
en

ts
 p

er
io

d 
be

tw
ee

n 
w

av
es

; 
re

la
te

d 
an

d 
he

nc
e 

sy
m

pa
tr

ic
 i

n 
th

e 
na

rr
ow

 s
en

se
 o

f 
th

e 
te

rm
. 

(P
p.

 5
28

ff
.) 

ap
ex

 o
f 

ea
ch

 w
av

e 
sh

ow
n 

by
 p

ea
k.

 I
t 

w
ill

 b
e 

no
te

d 
th

at
 o

nl
y 

tw
o 

of
 t

he
se

 s
pe

ci
es

, 



W
AV

E
 F

O
R

M
 A

N
D

 G
O

N
O

P
O

D
 S

H
A

P
E

 I
N

 S
Y

M
P

A
TR

IC
 

S
P

E
C

IE
S

 O
F

 U
C

A
 

B.
 

TR
O

P
IC

A
L 

E
A

S
T

E
R

N
 P

A
C

IF
IC

 
N

A
M

E
 

A
N

D
 

W
A

V
E

 
T

Y
P

E
 

U
.(

M
in

uc
q)

 
o

e
rs

te
d

i 

(L
A

T
E

R
A

L
) 

U
.(M

in
uc

q)
 

de
ic

hm
an

ni
 

(L
A

T
E

R
A

L
) 

U
.(M

m
uc

q)
 

b
e

e
b

e
i 

[L
A

T
E

R
A

L
) 

U
.(

M
in

uc
a)

 
ba

tu
en

ta
 

(L
A

T
E

R
A

L
) 

U
.(

M
in

uc
a)

 
sa

lt
it

a
n

ta
 

(L
A

T
E

R
A

L
) 

W
A

V
E

 
D

U
R

A
T

IO
N

 
G

O
N

O
P

O
D

 

U
.f

M
in

uc
a)

 
lir

ni
co

ia
 

(L
A

T
E

R
A

L)
 

| 0
 

j,
 

S
E

C
O

N
D

S
 

FI
G

. 9
3.

 W
av

e 
fo

rm
 a

nd
 g

on
op

od
 s

ha
pe

 in
 s

ym
pa

tr
ic

 s
pe

ci
es

 o
f 

U
ca

. F
ro

m
 f

ilm
s 

m
ad

e 
in

 t
he

 tr
op

ic
al

 e
as

te
rn

 P
ac

if
ic

, 
ne

ar
 O

ld
 P

an
am

a,
 R

.P
. S

in
ce

 a
ll 

th
es

e 
sp

ec
ie

s 
ar

e 
m

em


be
rs

 o
f 

th
e 

su
bg

en
us

 C
el

uc
a,

 t
he

y 
ar

e 
ra

th
er

 c
lo

se
ly

 r
el

at
ed

. 
O

nl
y 

th
re

e,
 o

er
st

ed
i, 

ba
tu

en
ta

, 
an

d 
sa

lt
it

an
ta

, 
sh

ar
e 

so
 

m
an

y 
ch

ar
ac

te
ri

st
ic

s 
th

at
 

th
ey

 
m

er
it 

th
e 

te
rm

 

"c
lo

se
ly

 s
ym

pa
tr

ic
."

 W
he

n 
th

e 
ch

el
ip

ed
 i

s 
he

ld
 i

n 
pl

ac
e 

br
ie

fly
 a

t 
a 

w
av

e'
s 

pe
ak

, 
th

e 
pa

us
e 

is
 i

nd
ic

at
ed

 i
n 

th
e 

di
ag

ra
m

 b
y 

a 
pl

at
ea

u.
 "

V
IB

":
 v

ib
ra

tio
n,

 t
he

 s
tr

ok
es

 b
ei

ng
 

to
o 

ra
pi

d 
to

 s
ho

w
 i

nd
iv

id
ua

lly
 o

n 
m

ot
io

n 
pi

ct
ur

e 
fil

m
, 

ex
po

se
d 

at
 s

pe
ed

 o
f 

1/
48

 s
ec

. 
(2

4 
fr

am
es

 p
er

 s
ec

).
 (

P
p.

 5
28

ff
.) 



FI
G

. 
94

. A
ct

iv
ity

 p
ha

se
s 

of
 U

ca
 {

U
ca

) 
m

ar
ac

oa
ni

 m
ar

ac
oa

ni
 in

 a
n 

ou
td

oo
r 

cr
ab

be
ry

. 
P

ha
se

 s
eq

ue
nc

es
 i

n 
be

ha
vi

or
 o

f 
si

x 
ad

ul
t 

m
al

es
. 

T
he

 p
os

iti
on

 o
f 

ea
ch

 d
ot

 i
nd

ic
at

es
 t

he
 

hi
gh

es
t 

ty
pe

s 
of

 a
ct

iv
ity

 a
tta

in
ed

 b
y 

an
 i

nd
iv

id
ua

l 
on

 a
 p

ar
tic

ul
ar

 d
at

e,
 w

he
n 

th
es

e 
ty

pe
s 

ar
e 

ar
ra

ng
ed

 i
n 

a 
se

ri
es

 f
ro

m
 l

ea
st

 s
oc

ia
l 

to
 m

os
t 

so
ci

al
. 

T
he

 c
om

pl
et

e 
na

tu
ra

l 
se

qu
en

ce
 

ap
pe

ar
s 

to
 r

an
ge

 f
ro

m
 u

ni
nt

er
ru

pt
ed

 i
na

ct
iv

ity
 u

nd
er

gr
ou

nd
, 

th
ro

ug
h 

si
m

pl
e 

m
ai

nt
en

an
ce

 (
fe

ed
in

g 
an

d 
di

gg
in

g)
 a

ct
iv

iti
es

, 
w

an
de

ri
ng

, 
ag

gr
es

si
ve

 w
an

de
ri

ng
, 

te
rr

ito
ri

al
ity

, 
an

d,
 

fin
al

ly
, 

di
sp

la
y.

 G
ap

s 
in

 t
he

 d
ia

gr
am

s 
re

pr
es

en
t 

da
ys

 w
he

n 
ob

se
rv

at
io

ns
 w

er
e 

m
is

si
ng

 o
r 

in
ad

eq
ua

te
. 

T
he

 g
ra

ph
 o

f 
ea

ch
 i

nd
iv

id
ua

l's
 a

ct
iv

ity
 e

nd
s 

w
ith

 t
he

 d
ay

 b
ef

or
e 

its
 d

ea
th

. 
T

he
se

 s
pe

ci
m

en
s 

w
er

e 
se

le
ct

ed
 f

or
 i

llu
st

ra
tio

n 
be

ca
us

e 
of

 t
he

ir
 l

on
ge

vi
ty

. 
T

he
 s

ho
rt

er
 r

ec
or

ds
 o

f 
fif

te
en

 o
th

er
 i

nd
iv

id
ua

ls
 s

ho
w

ed
 s

im
ila

r 
ch

ar
ac

te
ri

st
ic

s.
 (

P
p.

 5
05

ff
.) 



r
C

D
K

U
M

r
t 

T
 

M
A

R
C

H
 

10
 I

I 
12

 1
3 

14
 1

5 
16

 
17

 1
8 

19
 2

0 
21

 2
2 

23
 2

4 
25

 2
6 

27
 2

8 
29

 3
0 

31
 

A
P

R
I

L 

9
5
 

C
LA

S
S

E
S

 O
F

 
C

O
U

R
T

S
H

IP
 

C
O

M
P

O
N

E
N

T
S

 

P
R

E
-M

A
T

IN
G

 

U
C

A
 

S
O

C
IA

L
 

B
E

H
A

V
IO

R
 

P
A

T
T

E
R

N
S

 

C
LA

S
S

E
S

 O
F

 
A

G
O

N
IS

T
IC

 
C

O
M

P
O

N
E

N
TS

 

FI
G

. 
9

5
. D

ia
gr

am
 i

nd
ic

at
in

g 
th

e 
ex

te
nt

 o
f 

am
bi

va
le

nc
e 

in
 s

oc
ia

l 
be

ha
vi

or
 p

at
te

rn
s 

in
 U

ca
. 

(P
p.

 5
17

ff
.) 

C
O

U
R

TS
H

IP
 

D
IS

P
LA

Y
 

T
H

R
E

A
T
 

a
 

S
U

B
M

IS
S

IO
N

 

°
«

P
O

N
E

N
T

 



404 7 UCA 

6.AFRUCA 

4. AMPHIUCA 

FIG. 96. Dendrogram: subgenera of Uca. Key to under
scoring of names: black, occurs in the Indo-Pacinc; 
pale gray, eastern Pacific; dark gray, western Atlantic. 
(Pp. 18, 531.) 

AUSTRALUCA 

polita 

seismella 

b.longidigita 

b.bellator b.signata 

FIG. 97. Dendrogram: subgenus Australuca. Key to 
underscoring as in Fig. 96. (Pp. 63, 531.) 
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arhizophorae a. acuta 

THALASSUCA 

d.typhoni \ c.coarctata 
d. australiae ' 

d. demani 

FIG. 98. Dendrogram: subgenus Deltuca. Black bands, 
superspecies. Hollow bands, sympatric forms; excep
tion: demani typhoni and demani demani, which re
place each other allopatrically. Key to underscoring as 
in Fig. 96. (Pp. 24, 531.) 
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v.pacificensis v.vomeris 

v.dampieri v.hesperiae 
v.vocans 

v. borealis 

formosensis 

tetragonon 

tangeri 

c.chlorophthalmus 

c.crassipes 

j.inversa 

i.sindensis 

t.thayeri 

heteropleura 

styl if era 

pprinceps 

P rnonilifera 

t.umbratila 
ornata m. insignis 

FIG. 99. Dendrogram: subgenera Thalassuca, Amphi-
uca, Boboruca, Afruca, Uca. Key to underscoring as in 
Fig. 96. Black bands, superspecies. Hollow bands, sym-
patric forms. Key to underscoring as in Fig. 96. (Pp. 
76, 97, 111, 117, 127, 532.) 
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mm ax 

mordax 

v.ecuadoriensis 

brevifrons 

galapagensis 

subcylindrica 

FIG. 100. Dendrogram: subgenus Minuca. Black bands, 
superspecies. Hollow bands, sympatric forms. Key to 
underscoring as in Fig. 96. (Pp. 156, 533.) 
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Maps 

INTRODUCTION 

The 21 maps that follow consist of 17 in black-and-
white and four (nos. 18-21) partly in color. 

The first illustrates the distribution of the genus 
Uca, along with degrees of concentration of its 
species. 

Numbers 2-17 show the distribution of most of the 
species, usually arranged in the sequence of sub
genera employed in this contribution. Because of the 
prevalence of sympatry, however, and the exigencies 
of photoreproduction, many species are not presented 
in taxonomic sequence. In particular, the last maps, 
nos. 18-21, follow the American series, but show, 
with the aid of color, the complex distribution of 
certain Indo-Pacific forms that are taxonomically 
scattered. 

To aid rapid comparison of ranges, an alphabeti
cal list of species with corresponding map numbers 
follows this introduction. 

Screens. Throughout the series the extent of each 
screen represents my conclusion on the probable dis
tribution of the species at the present time, based on 
information that appears to me to be reliable. This 
information consists first of published records which 
seem to me trustworthy, either because the contribu
tion is the work of an experienced specialist, or the 
record of a species in a part of its range where it is 
otherwise known to occur, or because I have exam
ined the material in the museum where it is deposited. 
Second, the ranges are based on additional specimens 
in museums which have never been recorded in print, 
or for which references to the published accounts 
were not certainly determined, if at all. The third 
source of information is provided by specimens I 
collected in the field (Table 24). 

Records that seem to me wholly erroneous, such 
as the occurrence of a species in Odessa or Yugo
slavia, have been omitted from the maps, although 
they are discussed under the species concerned and 
listed in the section on questionable geographic rec
ords (p. 326). Where boundaries are uncertain be
cause of the absence of recent records, as in Chile, 
the screen ends with an irregular edge; where records 
are wholly lacking throughout a wide area between 
populations, the sections of screen are rounded off. 

Symbols. For all the Indo-Pacific species dots and 
other symbols mark the localities where specimens 

that I have personally examined were collected. On 
maps where a number of such localities are very 
close together, as on the northwest coast of the Gulf 
of Davao, a single dot represents two or more sites. 
In some older museum specimens the label gives only 
a general locality, such as "Japan" or "Madagascar." 
If I did not find material to examine from particular 
localities in the same area, I used an open diamond 
symbol on the map; otherwise the more general name 
is not represented. An arrow indicates an extension 
of a range beyond the confines of the map. 

Of special interest on Maps 18-21 are the colored 
symbols falling outside the usual boundaries of the 
species or subspecies, within the range of an allo-
patric form. These distributions are discussed under 
the species headings in the systematic section, in 
Chapter 1 and in Chapter 7; see also Tables 3, 6, 
and 22. 

No symbols appear on any American map, since 
they proved in some cases to be impractical because 
of extensive sympatry and in all to be of doubtful 
value. These numerous American forms are usually 
characterized by short or narrow ranges in uncom
plicated patterns, while their taxonomic histories are, 
with a few famous exceptions, less tortuous than 
those of most Indo-Pacific species. It seemed, there
fore, that on American shores the precise localiza
tion on a crowded map of the origins of examined 
specimens would not be very helpful, either in clari
fying allopatric situations or in evaluating evidence 
for particular distributions. 

All of the records of material examined, both pre
cisely and imprecisely localized, are listed in Appen
dix A. Ranges of the species and subspecies appear 
under appropriate headings in the systematic section. 
The chapter dealing with zoogeography starts on p. 
431. 

Excluded from the maps and from Appendix A 
is museum material I examined early in the course 
of the study before I had attained sufficient knowl
edge of the forms involved to refer them with confi
dence to species or subspecies. This limitation applies 
particularly to the collection of Australian material in 
Sydney. The indicated ranges of some species occur
ring in Australia are, therefore, almost certainly al
ready in need of extension. 
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ALPHABETICAL LIST OF SPECIES OF THE GENUS Uca, WITH NUMBER OF MAP ON 

WHICH EACH APPEARS 

Species 
Name 
acuta 
arcuata 
argillicola 
batuenta 
beebei 
bellator 
brevijrons 
burgersi 

Number 
of Map 

2 
19 
15 
15 
16 
3 

13 
12 

chlorophthalmus 5, 6 
coarctata 
crenulata 
cumulanta 
deichmanni 
demani 
dorotheae 
dussumieri 

19 
15 
15 
17 

2 
15 
18 

Species 
Name 
festae 
forcipata 
jormosensis 
galapagensis 
helleri 
heteropleura 
inaequalis 
inversa 
lactea 
latimanus 
leptochela 
leptodactyla 
limicola 
major 
maracoani 
minax 

Number 
of Map 

16 
19 
4 

14 
15 
10 
15 

7 
21 
17 
15 
17 
17 
10 
9 

12 

Species 
Name 
mordax 
musica 
oerstedi 
ornata 
panamensis 
polita 
pnnceps 
pugilator 
pugnax 
pygmaea 
rapax 
rosea 
saltitanta 
seismella 
speciosa 

Number 
of Map 

12 
17 
15 
10 
12 
4 
9 

16 
10, 14 

11 
14 
2 

15 
4 

15 

Species 
Name 
stenodactylus 
stylifera 
subcylindrica 
tallanica 
tangeri 
tenuipedis 
tetragonon 
thayeri 
tomentosa 
triangularis 
uruguayensis 
urvillei 
vocans 
vocator 
zacae 

Number 
of Map 

16 
10 
11 
15 

8 
15 
4 

11 
15 
7 

15 
19 
20 
13 
14 
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MAP 2. Distribution of the subgenus Deltuca (part). 
(General explanation: p. 409.) 



MAP 3. Distribution of the subgenus Australuca (part). 
{General explanation: p. 409.) 
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MAP 8. Distribution of the subgenus Afruca (complete), 
represented by the species tangeri. (General explana
tion: p. 409.) 
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VIAP 9. Distribution of the subgenus Uca (part). (Gen
eral explanation: p. 409.) 
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MAP 10. Distribution of the subgenera Uca (con
cluded) and Minuca (part); for the distribution of 
{Minuca) pugnax pugnax, see Map 14. (General ex
planation: p. 409.) 
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A. INTRODUCTION 

Fiddler crabs, comprising the homogeneous genus 
Uca, are widely distributed throughout the tropics 
and subtropics of the world. Nine subgenera, totaling 
62 species, are recognized in this contribution. More 
than two-fifths of these species are found only along 
the coast of the tropical eastern Pacific. Less than 
one-third occur in the entire Indo-Pacific region from 
East Africa to the Marquesas. On most coasts from 
one to three species extend into temperate regions. 

The puzzles of the origins of Uca distribution yield 
both clues and permanent uncertainties in abundance. 
The clues, as usual, encourage hypotheses, while the 
uncertainties promptly reduce most reasoning to the 
level of speculation. The virtual lack of fossils re
mains a familiar obstacle. 

The following survey first presents factual data on 
the modern distribution of the genus. A subsequent 
section considers the historical aspects of its zoo
geography and presents several alternative explana
tions of the origins of the fauna; it is concluded that 

an Indo-Pacific center is most likely. The final sec
tions in the chapter cover the distribution of the 
species among the subregions, with special reference 
to evolutionary aspects. 

Contributions which, along with their references, 
will provide background material for the topics dis
cussed include Durham (1950); Durham & Allison 
(1960) ;Ekman( 1953); Garth (1960, 1965,1966); 
Hedgpeth (1953, 1957.2); Hubbs (1960); Kummel 
(1961); Mayr (1963); MacGinitie (1958); Sver-
drup, Johnson, & Fleming (1942); Trewartha 
(1954); Troll & Paffen (1963); Tweedie (1954); 
Umbgrove (1949). See also Hallam, ed. (1973). 

B. SURVEY OF CURRENT 

DISTRIBUTION OF Uca 

1. Regional Distribution of Subgenera. The distribu
tion of the nine subgenera is shown in Table 7. It will 
be seen that four are confined to the Indo-Pacific, 
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three to the coasts of America, and one to the eastern 
Atlantic. The ninth, and largest, is primarily Ameri
can, but has two representatives in the Indo-Pacific. 
Representatives of each of the subgenera found in 
America occur on both the Atlantic and Pacific sides 
of the Isthmus. 

2. Regional Distribution of Species. The general dis
tribution of the 62 species recognized in this contri
bution is shown in Map 1 and Tables 8 and 9. Eight
een occur in the Indo-Pacific, 43 on the coasts of 
America, and one in the eastern Atlantic. Fifteen of 
these American species are found in the Atlantic and 
31 in the Pacific; the American total is limited to 46 
because of the fact that three species are represented 
by forms so closely related on the two coasts that they 
are here considered subspecies, in spite of their cur
rent complete isolation by the Isthmus of Panama. 

The richest area by far, with 30 species, is a small 
region of the tropical eastern Pacific, centering along 
the shores of the Gulf of Panama. Twenty-two of 
these 30 species are endemic (see below). 

In the eastern Atlantic the genus is represented by 
one species, tangeri, that ranges the full length of the 
coast from the warm temperate climate of south 
Portugal to the subtropics of Angola. This species is 
related to American species of the subgenus Uca; it 
is, however, here given a subgenus of its own 
(Afruca). A member of the American subgenus 
Minuca perhaps occurs in West Africa (p. 327). 

3. Subregional Distribution of Species: Preliminary 
Survey. The richest region of the Indo-Pacific is the 
area embracing the shores of northern Borneo, north
ern Sumatra, and the Bay of Bengal; here 11 species 
occur. Two other regions, the Philippines-East Indies 
Axis and northeastern Australia, are almost as rich, 
with 10 species each. 

To the west, north, and east, numbers decrease, as 
follows: northwest Australia has eight species, East 
Africa-Western India, six; China-West Taiwan-
Japan, seven; and the Pacific Islands, five. 

On American coasts the following distribution pre
vails. From southern California to the southern bor
der of Mexico, five species; from the Gulf of Fonseca 
to Peru, 30 species; from Chile, perhaps as many as 
three species. From the temperate eastern United 
States (excluding northeast Florida), three species; 
from the Gulf states, six; subtropical Florida, five or 
six; tropical western Atlantic, from Mexico and the 
Caribbean to Rio de Janeiro, Brazil, 12; southern 
Brazil, five or six; Uruguay and Argentina, one. 

These subregional distributions will be considered 
in more detail, in relation to the evolution of the spe
cies, in the sections starting on p. 435. 

4. Allopatric Distribution in the Indo-Pacific Region. 
Among the 18 Indo-Pacific species, one (tetragonon) 

ranges, without regional variations making useful the 
erection of subspecies, throughout the tropics from 
the Red Sea to the Tuamotus. Three species, divided 
here into two to six subspecies each, show an almost 
equally wide range (vocans, chlorophthalmus, lac-
tea) . Four species, each comprising two to four sub
species, have ranges roughly confined to the area 
bounded by eastern India, the Philippines, and the 
tropical coasts of Australia (dussumieri, demani, bel-
lator, triangularis); a partial exception, dussumieri, 
alone occurs north of the tropics in China and the 
Nansei (Ryukyu) Islands. 

Two groups of species are regarded as superspecies 
{acuta and coarctata). One of them, coarctata, is 
composed of four species and ranges throughout the 
Indo-Pacific. The second, acuta, is found from Fu-
kien in northern China to Indonesia and from the 
Ganges delta to Java; it includes two species of which 
one subspeciates. 

5. Allopatric Distribution in the American Region. 
All of the 12 species in the tropical western Atlantic 
have close relations across the Isthmus of Panama. 
In three of them, maracoani, thayeri, and vocator, 
the allopatric representatives are here given only sub-
specific rank. A fourth, rapax, is morphologically so 
close to galapagensis that the specific standing ac
corded them may be illogical (p. 183). The remain
ing eight species in the western Atlantic appear suffi
ciently distinct from their Pacific counterparts to be 
counted without hesitation as full species. 

Along both the Pacific and Atlantic coasts the erec
tion of subspecies occasionally appears both justified 
and desirable. So far there is little or no evidence of 
the formation of clines; adequate meristic data, how
ever, remain virtually absent. 

6. Endemism. In the entire Indo-Pacific region only 
three species have narrow ranges. U. polita and seis-
mella, both in the subgenus Australuca, are confined 
to Australia. U. (Amphiuca) inversa is known only 
in eastern Africa and in Pakistan, at Karachi, with a 
distinct subspecies in each of the two areas. 

The contrast with the situation in America is strik
ing. It has already been mentioned that 22 species 
are confined to a small tropical area on the Pacific 
coast of America. This strip extends only from about 
lat. 14° N. to about lat. 3°30' S., or a straight dis
tance of about 1,100 miles. The region includes part 
of the Pacific coast of El Salvador, and extends to 
the extreme northern edge of Peru, on the southern 
margin of the Gulf of Guayaquil. 

Endemism is also apparent near the latitudinal ex
tremes of the genus on three of the four American 
coasts. One species is endemic on the west coast of 
California and in northwest Mexico (crenulata); 
northern subspecies of two others (m. musica and 
princeps monilifera) are virtually confined to the 
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Gulf of California; two endemic species are found on 
the south and east coasts of the United States (minax, 
pugilator); one occurs only from subtropical Brazil 
to Buenos Aires, Argentina (uruguayensis). 

In the Indo-Pacific, on the contrary, the few spe
cies ranging into temperate climates are, with two 
exceptions, merely widespread species from the trop
ics. The exceptions are arcuata and formosensis. 
Three other species extending into Indo-Pacific areas 
of winter chill are represented by subspecies of nar
row range {acuta, vocans, lactea). Finally, a tropical 
subspecies of dussumieri ranges without obvious mor
phological changes north to near Fu-chou. 

The present extremes of distribution in the genus 
are summarized in Table 7. 

7. Summary of Current Distribution of Species. By 
far the richest area in number of species is the west 
coast of tropical America (eastern Pacific), with 30 
species. The tropical American east coast (western 
Atlantic), the Indo-Malayan region (tropical west 
Pacific) and the northeast Australian (Solanderian) 
region are comparable to one another, having 10 to 
12 species, one-third to two-fifths of the number 
found in the tropical East Pacific. Only six species 
occur in eastern Africa, while the fauna is poorest 
near the northern and southern limits of the genus 
range (one to two species), the eastern boundary of 
the Indo-Pacific (two) and, especially, the eastern 
Atlantic (one or, possibly, two). 

C. H I S T O R I C A L Z O O G E O G R A P H Y 

The question of the genus origin may now be dis
cussed. Later the background of speciation in the 
geographical subregions will be considered. 

Among the references listed on p. 431, those of 
the most direct aid in preparing this section have 
been Durham (1950), Ekman (1953), Kummel 
(1960), MacGinitie (1958) and, for recent views on 
several dates, Hallam, ed. (1973). 

1. Factors Concerned in Postulating the Geographical 
Origin of UCA. As in all such questions, five major 
lines of evidence must be examined: first, the geo
logical and climatic history of the world; second, the 
present distribution of the group; third, its fossil his
tory; fourth, evidence from the group's Systematics, 
especially from comparative morphology and social 
behavior; fifth, the group's ecological requirements. 
Although the present discussion is concerned primar
ily with the first two, the other aspects, discussed in 
more detail elsewhere, will be mentioned from time 
to time. 

As mentioned in the beginning of this chapter, the 
fossil record is almost nonexistent. Only three speci
mens referrable to Uca appear to exist, two from 
Pliocene beds, one from Pleistocene, and all in 

America; all are similar to contemporary American 
species (pp. 127, 157). A fourth fossil, attributed 
by Desmarest (1822) to the genus Gelasimus (= 
Uca) has disappeared (p. 324). In addition, an 
ocypodid from the Pliocene of Jamaica resembles 
Macrophthalmus, an Indo-Pacific genus (Rathbun, 
1919). 

Three major areas seem to be possible centers of 
early Uca evolution and dispersal. The genus may 
have evolved in the circumtropical area during the 
greatest expansion of the Sea of Tethys, or, some
what later, in either tropical America or in the East
ern Pacific. A temperate or polar origin seems un
likely because of the warm-climate distribution of 
almost the entire highly various family. In the present 
section each of these major possibilities is considered 
in turn. 

The following annotated list assembles a number 
of geological, climatic and ecological factors which 
were probably, as in the evolution of so many other 
marine animals, of primary importance in the history 
of the group. This attempt to understand Uca's par
ticular characteristics requires their review in juxta
position, in spite of the familiar nature of some of 
the material. 

1. A warm global climate existed from the Cre
taceous through the Eocene, with the tropics ex
tending far north along the Pacific and Atlantic 
coasts. 

2. The climate gradually cooled from the Oligo-
cene through the Pleistocene. 

3. During these periods the Atlantic Ocean 
cooled drastically. This was particularly true of the 
eastern Atlantic, in contrast to the eastern Pacific 
and Indo-Pacific regions where cooling was, re
spectively, slight and absent. There was a conse
quent striking impoverishment of Atlantic fauna, 
which has been demonstrated in many groups of 
animals. In other marine and littoral groups, how
ever, including echinoderms and certain crabs, the 
Caribbean is now richer in species than is the trop
ical eastern Pacific. 

4. The vast Tethyan seaway gave access at its 
maximum extent from the eastern Pacific all the 
way eastward to China. After the beginning of the 
Oligocene it dwindled, and from the Miocene on
ward it was impassable as a route between the 
Atlantic and Indian Oceans. 

5. The last possible exchange of marine faunas 
between the tropical Atlantic and Pacific took 
place near the end of the Pliocene, perhaps 
5,000,000 years ago, ceasing when, about that 
time, the Isthmus of Panama became completely 
emergent. 

6. The major islands of the Philippines and East 
Indies, at present so rich in species in many groups 
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of animals, were apparently rarely above water be
fore the Eocene. 

7. The Sunda Shelf was emergent for much of 
the period from the Pliocene to the end of the 
Pleistocene. This area extended the coast of south
east Asia to include Borneo, Java, Sumatra, and 
many lesser islands, acting as an effective barrier 
between the China Sea and Philippines area on one 
hand and the Bay of Bengal and western regions 
on the other. After the Pleistocene, seas covered 
this shelf region, the East Indies assumed much of 
their present form, and free dispersal of organisms 
once more was possible between the Indian Ocean 
and the north tropical Pacific. This submersion of 
the Sunda Shelf probably took place not more than 
10,000 years ago. 

8. A similar barrier, the Sahuli Shelf, probably 
connected northern Australia and New Guinea 
from time to time over long periods, separating the 
littoral fauna of western and eastern Australia. 
It seems likely that the last submersion of that 
barrier also occurred soon after the Pleistocene's 
end. 

9. Intense orogenic activity took place in the 
Philippines-East Indies area from the Pliocene on
ward. 

10. In contrast, the shores of the Indian Ocean, 
both east and west, were then quiet. 

11. The East Pacific Barrier is as potent a force 
in this group of animals as in practically all other 
groups. There is no evidence that any modern 
Indo-Pacific species of Uca has ever reached 
America or vice versa, much less become estab
lished there. Nevertheless, two considerations 
make caution in this area of importance. First, the 
timing of metamorphosis of some pelagic larvae 
into littoral crustaceans is partly controlled by 
characteristics of the water, the molts to post-
pelagic stages apparently being triggered by chemi
cal factors occurring near land (Garth, 1966, and 
refs.). Second, the Indo-Pacific ocypodid, Ocy-
pode ceratophthalmus, occurs on Clipperton Island 
along with 15 other species of brachyuran crabs 
that are of Indo-Pacific origin and only 18 others 
that are American (Garth, 1965). The distance 
from Clipperton to the nearest point on the Mexi
can coast is about 600 nautical miles. 

12. The mid-Atlantic, at least in the period from 
the late Tertiary to the present, has been an almost 
equally potent barrier. 

13. Uca is essentially a tropical genus, always 
reaching its greatest development within the true 
tropics. A few species, however, have adapted to 
freezing winter temperatures, hibernating for 
months at a time. The genus is absent from cold 
temperate and boreal climates. 

14. As in other groups of littoral animals, re

gions with high tides support higher numbers of 
species, other factors being equal. 

2. UCA as a Possible Member of the Old Mesozoic 
Circumtropical Fauna. According to this view, Uca 
would have formed part of the fauna evolving on the 
shores of the Tethys, when the vast sea reached its 
greatest extent. At this time, between the late Meso
zoic and the Eocene, no barriers of land or climate 
stood from the eastern Pacific eastward to China. If 
the genus evolved under these conditions, no Tethyan 
neighborhood is more likely than another to have 
been the center of Uca evolution. Similarly, no early 
differentiation of American and Indo-Pacific forms 
would be expected. 

Ekman (1953) has been the strongest recent advo
cate of descent of circumtropical organisms from 
marine animals of this old warm water shelf. This 
view is certainly the correct explanation of the pres
ent-day distribution of a number of groups, notably 
corals, echinoderms, and some fishes. Ancestral 
forms no doubt circulated freely throughout the 
Tethyan realm and on across the Pacific where they 
were stopped—as today—by the East Pacific Bar
rier. Ekman does not discuss the possibility of migra
tion of warm water shelf species across the Behring 
bridge in the days when temperatures were higher. 

As listed briefly under points 3 to 5, p. 433, three 
great geological and climatic events broke up the 
circumtropical fauna, starting roughly in the Oligo-
cene, culminating in the Pleistocene, and ending with 
that epoch's close. 

First, the Tethys became reduced, resulting in the 
ultimate blocking off of the Atlantic from the Indian 
Ocean by emergent Asia Minor, Iran, and Suez. The 
last narrow passage closed sometime in the Miocene; 
the western end of the Mediterranean had also come 
to have such a narrow transit to the Atlantic that as a 
funnel for dispersal it had long been impractical. 

Second, the last Central American passage between 
the Atlantic and Pacific was closed by land emerging 
near the end of the Pliocene, about five million years 
ago. Until then, via several seaways from Tehuan-
tepec in the north to one across present-day Colombia 
in the south, passages of various widths had been 
freely open. During much of the time, wide seaways 
existed. 

Third, the climate of the Atlantic deteriorated pro
gressively from the Oligocene on. The eastern Atlan
tic was most affected. The West Indies were also 
chilled from time to time, although not so drastically; 
nevertheless, it was enough to kill off many formerly 
prominent elements of the fauna. A notable example 
is coral of the genus Pocillopora, which now remains 
abundant and ecologically important both in the east
ern Pacific and from mid-Pacific to the Red Sea. 
At intervals only the South American shelf, the re-
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gion of Amazonica, was left as a dubious refuge for 
creatures of tropical shores. In contrast, the tropical 
eastern Pacific was little chilled, and the Indo-Pacific 
region not at all. 

These events, then, are the well-established back
ground explaining the poverty of some groups of the 
Atlantic littoral today. They also indicate the gen
erous amounts of time that have allowed Indo-
Pacific and American faunas to diverge. 

The weaknesses of the view of a continuous cir-
cumtropical fauna, in connection with Uca origins, 
are three. First, the mid-Atlantic barrier is almost as 
formidable for littoral animals with short pelagic 
larval stages as is the eastern Pacific barrier. Second, 
the consensus of thought now holds that no conven
ient land bridges extended even around the northern 
part of the Atlantic over which littoral animals could 
migrate. Granted that the northern seas and shores 
were much warmer then than now, it still seems un
likely that the Tethyan route was used importantly; 
although they were not subjected to known cooling, 
the species of East Africa and India are few in num
ber. Finally, it seems again unlikely that only two 
genera and only advanced species of all this large 
family should be found in America, while all other 
genera and all the species showing most primitive 
characters are found only in the Indo-Pacific. 

3. The Panamic Region as a Possible Center of Dis
persal. If only the species numbers of present distri
bution were considered, the center of dispersal could 
logically be the crowded Panamic region. Even with 
no regard for geological history, however, this area 
is virtually ruled out as the center of origin on 
grounds of morphology and behavior. The vast 
majority of species in this richest area show charac
ters which are specialized in comparison with those 
shown by 16 out of 18 species in the Indo-Pacific. 
These characters include carapace shape, armature 
of carapace and appendages, and social behavior 
patterns. 

Again, out of 14 genera referred on good grounds 
to the Family Ocypodidae, only two—Uca and 
Ocypode—are found in the Americas. All others 
occur only in the Indo-Pacific, an area centered chief
ly in the Indo-West-Pacific region. 

Therefore, if the Americas, on the basis of sheer 
numbers of present-day species, are considered to be 
the center of distribution, these formidable objections 
exist: (1) They are all specialized forms, in compari
son with the majority of Indo-Pacific forms. (2) All 
of the numerous related genera, with one cosmopoli
tan exception (Ocypode), are confined to the Indo-
Pacific. 

4. The Possible Colonization of America via the 
Behring Strait. This explanation of the present dis
tribution of the genus seems most likely. The multi

tude of forms in America can be explained by the 
crossing and successful establishment of even a single 
Indo-Pacific species. The affinities of the migrants, 
of however many species, would almost certainly be 
with the root stock of the present subgenus Thalas-
suca (including tetragonon and vocans). Possible 
further affinities with Australuca (including bellator) 
are indicated if a second stock is involved. In the 
absence of a helpful fossil record, further speculation 
is inappropriate. 

In the Eocene and during the early Oligocene, sub
tropical seas extended at least to the 55th parallel 
and a warm temperate climate far up into Alaska. 
Fiddler crabs are notably adaptable to cold weather, 
even within a single species and without external signs 
of subspeciation (tangeri, seismella, polita). It there
fore seems the necessary crossing could have been 
made up the warm coast of east Japan, with time to 
breed along the bridge from summer to summer. For 
millions of years winters in that region may not have 
been as severe as in present-day Connecticut and 
southern Massachusetts, where three species now 
occur. All of these forms have close relations in the 
tropics. 

If this hypothesis is correct, the migrants, once 
down the west coast of America, found an abundance 
of suitable habitats. Similar ecological conditions are 
found in tropical swamps, estuaries, and protected 
bays from Fiji to Zanzibar and from West Africa to 
Costa Rica. Yet nowhere in America, it seems likely, 
did many ocypodid members of the mangrove com
munity then exist. The Macrophthalmus-likQ fossil of 
the Jamaican Pliocene (Rathbun, 1919) certainly 
has no present-day descendants. Conditions, for 
whatever reason—the absence of competitors or the 
presence only of those giving inferior competition— 
must have been ripe for a burst of speciation. 

The second possible means of a migration from 
Asia is via island-hopping and the crossing of the 
East Pacific Barrier. A few years ago this route ap
peared discredited but, as discussed by Garth 
(1966), in some pelagic larvae the duration of instars 
can be prolonged, with obvious possible effects on 
distribution. 

On the whole, then, the hypothesis is favored in 
this contribution that the origin of Uca was in the 
Indo-Pacific region and that one or two of the groups 
there gave rise, after migration across the Behring 
Bridge, or possibly the mid-Pacific, to the American 
species. 

5. Evolutionary Aspects of UCA Zoogeography. Two 
American subgenera of Uca are morphologically 
closest to the Indo-Pacific stock. These are the sub
genus Uca, including maracoani and the rest of 
the American "narrow-fronts," and the subgenus 
Minuca, erected for the specially broad-fronted spe-
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cies. They, West Africa's tangeri, and the Indo-
Pacific subgenus Thalassuca (including the ubiqui
tous vocans and tetragonon) clearly had common 
ancestors. In America, however, social behavior de
veloped well beyond the Thalassuca activity patterns, 
along lines parallel to those found in any other waves 
of migrants, presumably of Australuca (bellator) 
stock (p. 435). Examples of such parallel social de
velopment even intergenerically are found through
out the family; the Indo-Pacific genus Ilyoplax is an 
excellent example (p. 494). From these advanced 
behavioral characters, as well as from strictly mor
phological traits, it is held here that tangeri is derived 
from the stock of the American subgenus Uca (mara-
coani, etc.), rather than directly from the Indo-
Pacific Thalassuca. 

Uca thayeri, for which the subgenus Boboruca has 
been erected, is of great interest from two points of 
view. As already mentioned, it is one of the few 
American forms in the genus which have changed so 
slowly in the past five million years that the forms on 
both sides of the Isthmus cannot logically be regarded 
as more than subspecies on the basis of the usual 
criteria. Second, this species shows combinations of 
characters, both morphological and behavioral, sug
gesting definite affinities with the Indo-Pacific nar
row-fronts of the subgenus Deltuca. 

The other species represented on each side of the 
Isthmus by forms considered of subspecific rank are 
(Uca) maracoani and (Minuca) vocator. 

The remaining two groups of American Uca, 
placed here as the sole representatives of Bott's sub
genus Minuca, include the most advanced species in 
the genus, both morphologically and in social be
havior. Whether they developed from the same root 
stock as the subgenus Minuca (rapax, etc.), as seems 
most likely, or whether they represent a separate 
crossing, with their nearest relations among the ances
tors of the subgenus Australuca, it is impossible to 
say. 

Celuca has speciated most profusely in the tropical 
east Pacific, and it is from this group that the two 
Indo-Pacific species from American stock are de
rived (triangularis and lactea). Apparently they are 
descended from one or two successful westward mi
grations. This view seems more likely than the alter
native, which would demand an Indo-Pacific origin 
for Celuca, making all crossings then from west to 
east. The closer affinities of Celuca are undoubtedly 
with the other American groups rather than with root 
stocks near the subgenus Australuca, the only candi
dates with relations among present-day Indo-Pacific 
crabs. The first hypothesis, then, demanding one or 
two east-west crossings, seems the more likely. The 
matter will be further considered in the last chapter. 

Unless a mid-Pacific route was used, the crossings, 
like those made by the original migrants, would have 
had to be made before the onset of really cold 

weather. Only three of the contemporary forms in 
these groups extend into regions regularly subjected 
to temperate or upper subtropical winters. These are 
pugilator in the northeastern United States, crenulata 
in California and at the mouth of the Colorado River, 
and lactea in Japan, Pakistan, and southeast Africa. 

6. Conclusions Concerning the Origin and Distribu
tion of UCA. The hypothesis favored in this contribu
tion is that Uca originated in the Indo-Pacific region, 
that ancestors of one or two of the Indo-Pacific sub
genera there gave rise, after migration across the 
Behring Bridge, to four new subgenera in America; 
that representatives of one of these groups migrated 
westward via the same route and gave the Indo-
Pacific fauna two living representatives of these ad
vanced American subgenera. The chilling of the At
lantic can in part explain the paucity of Atlantic 
species compared with their abundance in the eastern 
tropical Pacific. The large tide ranges in the Pacific 
area may explain the wealth of recent species in that 
restricted region (see Chapter 2, p. 443). 

D. SUBDIVISIONS OF THE INDO-PACIFIC 

REGION IN RELATION TO 

Uca DISTRIBUTION (Table 8) 

No particular order of listing is very satisfactory, 
since the regions are related in different ways, de
pending on the species groups examined. Still, very 
definite conclusions can be drawn on the subject. A 
study of the list of Indo-Pacific species and their allo-
patric affinities to one another leads to the following 
statements. The most specialized forms, with no ex
ceptions, are found along the Philippines-Java axis; 
the least specialized are peripheral, particularly in 
northwest Australia, the China-northwest Taiwan-
Japan region, and, to a lesser extent, the mid-Pacific 
region. This is in contrast to the frequently existing 
condition in birds and other animals, where speciali
zations occur in peripheral isolation or other condi
tions of partial isolation. The situation will now be 
examined in more detail. 

Uca in the Indo-Pacific, as shown by the distribu
tion of species and subspecies, indicate the division 
of the vast stretches of the Indo-Pacific into seven 
major subdivisions, as follows. 

1. Northwest Australia (Dampierian Region). 
2. China; northwest Taiwan; Japan. 
3. Pacific Islands. 
4. Northeast Australia and New Caledonia (So-

landerian Region). 
5. Philippines-East Indies Axis; New Guinea. 
6. Northern Borneo; northern Sumatra; Malaya 

to eastern India. 
7. Western India and eastern Africa. 
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Table 8 lists the species by regions and indicates 
allopatric relationships. Characteristics of their re
spective Uca populations are described below. 

1. Northwest Australia {Dampierian Region). This 
area has two remarkable characteristics. First, of the 
eight species recorded, at least two are allopatric 
forms showing less advanced waving display charac
ters than do their representatives in other regions. 
Second, except for demani and the three members of 
the typically Australian subgenus, Australuca, the 
affinities are definitely with the Uca fauna of the 
other coasts of the Indian Ocean, rather than with 
the Pacific faunas to the north and east. 

2. China; Northwest Taiwan; Japan. The six species 
concerned {acuta, dussumieri, arcuata, jormosensis, 
vocans, and lactea) are, with the exception of dussu
mieri, distinct forms with more conservative morpho
logical and, where known, behavioral characteristics 
than have the neighboring forms in the Philippines-
East Indies area. U. dussumieri alone is a surprise. 
Although it reaches seasonally cold Fu-chien Prov
ince, it belongs, according to all discernible morpho
logical evidence, to the subspecies spinata. This form 
is found typically in the tropics, in Singapore, north
west Borneo, and the west coast of Malaya. At the 
present time only arcuata and diminishing popula
tions of lactea occur in Japan. Uca jormosensis, 
known only from northwestern Taiwan, is possibly a 
cold-water allopatric representative of the far-rang
ing species, tetragonon. More probably it is a con
servative member of its subgenus (Thalassuca), with 
resemblances to Deltuca. 

Species reported from the Nansei (Ryukyu) Is
lands have, with the exception of arcuata, proved to 
be identical with the tropical forms of the Philip
pines-East Indies axis; v. vocans and lactea perplexa 
are of usual occurrence; d. dussumieri is apparently 
an occasional stray, where it was probably reported 
as dubia by Stimpson (1858); specimens agreeing 
with his original description proved upon examina
tion to be examples of d. dussumieri. 

3. Pacific Islands. These are expectably characterized 
by a progressive impoverishment eastward. Only two 
species, tetragonon and chlorophthalmus, are found 
east to the Society Islands and beyond; lactea and 
vocans reach Samoa; coarctata filters out in Fiji. One 
of them, vocans, is a relative conservative among the 
six subspecies; coarctata and lactea cannot be use
fully distinguished taxonomically from the advanced 
forms found in the Philippines-East Indies axis. 

4. Northeast Australia and New Caledonia (Solande-
rian Region). This rich area is chiefly a southward 
extension across New Guinea of the Philippines-East 
Indies axis. It differs in three ways: first, some north
ern species are not present; second, typically Aus
tralian members of Australuca are strongly repre

sented; third, two species, vocans and bellator, form 
separate subspecies here. 

5. Philippines-East Indies Axis; New Guinea. This 
area, very rich in number of species, is the habitat of 
the most specialized subspecies, the specialization be
ing shown, particularly in genital morphology and dis
play behavior. The region extends in general to in
clude part of Sumatra in the west and New Guinea 
in the east. The Uca extending northeast into the 
Nansei (Ryukyu) Islands have all proved to belong 
to this fauna rather than to the section typical of the 
cold-current shores to the west (2, above): Several 
of the forms in New Guinea have affinities with, re
spectively, northwestern Australia {coarctata flam-
mula in parts of West Irian), northeastern Australia 
{vocans vomeris), and the Pacific Islands {vocans 
pacificensis); both of the latter subspecies were found 
in eastern New Guinea and show evidence of hybridi
zation. The other species all belong to subspecies oc
curring in Philippines and, in most cases, south and 
east of New Guinea as well. 

6. Northern Borneo; Northern Sumatra; Malaya to 
Eastern India. This region was separated from the 
Philippines-East Indies region throughout the Pleis
tocene and much of the earlier Cenozoic by the Sunda 
Shelf. It forms an area slightly richer in species of 
Uca and other ocypodids than any other in the Indo-
Pacific, but its subspecies are usually identical with 
those of eastern Africa. In other words eastern Africa 
is an impoverished extension of the shores of the Bay 
of Bengal. To the east the subdivision extends around 
the tip of the Malay Peninsula and up the coast to 
Thailand. The north coast of Sumatra, and north
western Borneo are typically included. 

7. Western India and Eastern Africa. This fauna is 
poor in species compared with the wealth of forms 
farther to the east. Only one species, inversa, does 
not have allopatric representatives elsewhere, or, like 
tetragonon, range beyond the region. The allopatric 
forms are all moderately to extremely advanced 
members of their respective groups either in genital 
morphology, waving display, or both. 

8. Areas of Coincidence. One of the most interesting 
aspects of this entire study concerns the areas of co
incidence in distribution. These occur in the general 
region extending from Ceylon and Madras around 
the tip of the Malay Peninsula (south of Penang), 
and in Sumatra, Java, Borneo, Celebes, and the 
southern Philippines. In these areas there is clear 
juxtaposition and in some cases evidence of hybridi
zation in adjacent western and eastern populations. 
The groups involved are the subspecies of dussu
mieri, vocans, and lactea, each in a different sub
genus, along with the full species forcipata and 
coarctata of the superspecies coarctata (subgenus 
Deltuca). All of this mingling might normally be ex-
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pected through the classical lifting of a barrier. In 
this case the barrier, the Sunda Shelf, was removed 
by its flooding, probably most recently some 10,000 
years ago. The situation is discussed under the spe
cies involved as well as in the chapter on speciation, 
p. 530. 

9. Conclusions. It seems that the broad paleozoogeo-
graphical picture for the genus may be as follows. In 
the days of the maximum development of the Tethys, 
during the Cretaceous and early Tertiary, an access 
to its usually placid shores was available from the 
Australian shield all the way to China, India (then 
a great island), and a very small Africa. 

The land of west Australia has been perhaps least 
disturbed, and its fauna therefore least subject to evo
lution since that time; particularly, it lacked the stim
ulus of true isolation. Also, its simple coastline pro
vided relatively few habitats. The fauna of both west 
Australia and the China-northwest-Taiwan-Japan 
axis had eventually to adapt to moderately cold win
ter weather. This too, through decrease in numbers 
of generations, could slow evolutionary rates in com
parison with tropical Uca, most of which breed 
through the year. 

All the other regions, with the exception of the 
Java-Philippines axis, show various geological his
tories but are relatively lacking in striking events. 

In contrast, the Java-Philippines axis starting in 
the Tertiary has undergone violent volcanic activity 
which continues to the present day. Coastlines have 
been changed repeatedly; islands have risen and sub
sided; shores are convoluted; a multitude of niches 
has appeared and vanished. All of this apparently 
proved highly stimulating to evolution in a genus of 
Uca's requirements. The subspecies all show the most 
highly developed displays and the most complex 
gonopods in their species. 

E. SUBDIVISIONS OF THE AMERICAN 

REGION IN RELATION TO 

Uca DISTRIBUTION (Table 9) 

The dates of migration to and from North America 
must of course remain problematical. Because of 
lowered temperatures the movements could scarcely 
have occurred later than the Oligocene in either di
rection, in any use of the Behring route. If the first 
migrations eastward occurred in the Paleocene, and 
the last during the middle of the Oligocene, a period 
of some 30 to 55 million years was available for the 
development of American groups. When the changes 
are considered that have occurred in some allopatric 
species within perhaps the last five million years, after 
the closing of the American isthmus, it seems likely 
that the long, warm stretch of the early Tertiary was 

altogether adequate for the evolution of the new sub
genera. 

1. Eastern Pacific. In the eastern Pacific the distribu
tion of Uca divides clearly into three zones. The first 
extends from the southern part of California and the 
mouth of the Colorado River to the southern part of 
the State of Oaxaca, in south Mexico; the second, 
from El Salvador and the Gulf of Fonseca to the 
southern edge of the Gulf of Guayaquil; and the 
third, from Peru south of the Gulf to northern Chile. 
In contrast to the supremely rich tropical subdivision, 
the number of species in the northern zone is medio
cre. Garth (1960) has examined in detail the com
position of the brachyuran fauna in the region, in
cluding Uca. The southern zone, down the almost 
straight west coast of Peru and northern Chile, is one 
of the most impoverished coasts in the world, from 
the point of view of support for populations of Uca. 
Not only is this third subdivision almost devoid of 
suitable habitats, but the coast is relatively cool for 
its latitude because of the Humboldt Current. 

In the northern zone only one species, crenulata, 
is endemic. Two others are considered in this contri
bution to be subspecies of species occurring also in 
the south. None of the two or three species counted 
as questionably ranging south to Chile appears to 
differ from northern forms; recent material, however, 
is non-existent. 

2. Western A tlantic. On the west coast of the Atlan
tic, four zones are counted. The first covers the tem
perate shore of the United States; the second those 
of the states bordering the northern part of the Gulf 
of Mexico; the third, tropical North and South Amer
ica, including the Caribbean islands, as far south as 
Guanabara Bay in Brazil; the fourth, the extreme 
southern part of Brazil, adjacent Uruguay, and, from 
a single record, the northern shore of Argentina near 
the mouth of the Rio de la Plata. 

In the northern zone three species occur farther 
north than anywhere else in the world and are regu
larly subjected to freezing winter temperatures. Their 
boundary at present is Cape Cod, although there is 
some evidence that one of the species once reached 
the southern part of Maine. The zone's southern 
boundary is northern Florida, where the three species 
of the north are supplemented during clement periods 
by two stragglers from the tropics, their presence 
favored by the Gulf Stream. The shifting and pre
carious footholds held by these southern forms cor
respond to the fluctuating distribution of several 
species in the Nansei (Ryukyu) Islands, which are 
similarly affected by the Japanese Warm Current. 

The second subdivision is a rather anomalous 
zone, just beginning to be understood (Salmon & 
Atsaides, 1968.1, 1968.2). Here along the northern 
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part of the Gulf Coast of the United States and north
west Mexico, three of six forms of Uca are somewhat 
different from their allopatric representatives, both 
temperate and tropical, on the Atlantic coast and 
on the southern part of the Gulf. Another interesting 
occurrence in the region is an endemic species, sub-
cylindrica, from Texas and the adjoining coast of 
Mexico. 

The five species now found in the southern half of 
Florida are of varied geographical affiliations in 
keeping with the intermediate and fluctuating climate 
of the area; consequently the region is not viewed 
as a subdivision. Three of the species are tropical 
and here, at the northern edge of their extensive 
ranges, only one seems well established. A fourth 
species is confined to the subtropics and the Gulf 
coast, while the fifth, although it thrives in south 
Florida, is characteristic also of the temperate coast 
to the north. A sixth species, wholly tropical, has not 
been reported for many years. 

The third zone in the Atlantic covers the tropics 
more completely than in the Pacific, extending from 
the West Indies and the tropical part of Mexico to 
Rio de Janeiro, Brazil, at the Tropic of Capricorn. 
Even with 12 species, the subdivision supports only 
two-fifths as many as the more restricted tropical 
zone in the eastern Pacific. 

South of the tropics, in the fourth zone, a single 
endemic species occurs. While distinct, with a short 
range from Rio de Janeiro to Buenos Aires, urugua-
yensis is clearly the allopatric representative of a 
widespread group of northern species. Five or six of 
the tropical species filter out not far south of Rio. 

With the exception of subcylindrica, mentioned 
above, every form occurring in the western Atlantic 
has at least one close relation in the eastern Pacific. 

3. Conclusions. A relative impoverishment of the At
lantic fauna in comparison with that of the Pacific 
shows strikingly when the numbers of species of Uca 
are compared on the two sides of the Isthmus. Two 
additional factors, besides the presumed influence of 
the Ice Age climate, should be kept in mind as possi
ble contributory causes to the disparity in species. If, 
as seems most likely, the ancestors of American Uca 
migrated from Asia, then their first differentiations 

were likely to take place on the nearest Pacific shores, 
even if the Atlantic happened then, and often subse
quently, to be fully accessible. Again, although a 
mangrove swamp in Venezuela or Brazil now appears 
as richly suitable for Uca as its equivalent in Costa 
Rica or Ecuador, differences in such complex bio-
topes, rather than climate, may have controlled in 
part the rate of speciation in the neighboring oceans. 

F. SUMMARY 

The 62 species of Uca recognized in this contribution 
occur throughout the warmer parts of the world. The 
majority are confined to the tropical eastern Pacific, 
while on all continents the warm temperate regions 
are impoverished, as is the entire coast of west Africa. 
It is considered most likely that the genus arose in the 
Indo-Pacific, and that the American species are 
descendants of migrants moving along the Behring 
Bridge during the early Tertiary. It is further sug
gested that one or two later migrations in the opposite 
direction gave rise to Indo-Pacific members of a sub
genus otherwise American. In the Indo-Pacific region 
seven subzones are recognized, of which the richest 
are those included in the tropical areas from India to 
the Philippines and northeastern Australia. The de
velopment of allopatric species and of subspecies was 
clearly influenced strongly by the repeated emer
gences of the Sunda Shelf. The Sahuli Shelf also prob
ably played a role, as has the associated orogenic 
activity that has been characteristic of the entire re
gion. The most conservative area, judging by the 
morphology of the local Uca, has been the northwest 
coast of Australia, which has had a contrastingly 
quiet history during the Cenozoic, the presumed 
period of the group's evolution. Several zones are 
apparent in both oceans bordering the American con
tinents, each of the series running north and south 
in conformity with the continental coasts. Aside from 
climatic factors limiting distribution, the most impor
tant events were the sporadic emergences of land 
bridges that partly or wholly divided the faunas of the 
Atlantic and Pacific; the current bridge, the Isthmus 
of Panama, has served as a complete barrier for per
haps five million years. 
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A. INTRODUCTION 

Almost all adult fiddler crabs live in the intertidal 
zones of sheltered bays and estuaries, digging and 
feeding in sandy mud and muddy sand throughout 
the warmer parts of the world. These habits show 
basic demands for tidal action, for a soft and nutri
tious substrate, and for warmth. 

As usual in Uca biology, each of these needs turns 
out to have wide variability, and all illustrate well 
the capacity of the genus to adapt to a wide range 
of conditions. 

In this chapter the chief physical and biological 
factors in their environments will be examined. Be
cause of the overlapping and interdependence of 
categories, none of the usual groupings of ecological 
factors will be made. Instead, the categories pre
sented range roughly from the most physical to the 
most biological in nature. 

The ecology of Uca may be considered from two 
distinct points of view. The first of these aspects is 
the distribution of the species and the second the 
activity of the populations under various conditions. 
These divisions will be considered under each head
ing. 

Since very little is known of the ecological require
ments of the pelagic young, these stages will be men
tioned below only incidentally. 

General accounts of climatic factors, the intertidal 
zone, estuarine environments, mangrove associations, 
and chemical aspects of ecology will be found in ap
propriate textbooks and isolated papers. Particularly 
useful in providing background are Allee, Emerson, 
Park, Park, & Schmidt (1949); Hesse, Allee, & 
Schmidt (1951); Ekman (1953); Trewartha (1954); 
Day & Morgans (1956); Macnae (1956, 1957, 

1968); Macnae & Kalk, eds. (1958); Moore (1958); 
Teal (1958, 1959); Edney (1960, 1961, 1962); 
Macnae & Kalk (1962); Bliss (1968); Bliss & Man
tel, eds. (1968); Miller & Vernberg (1968); and 
Newell (1970). 

Hedgpeth (1957.1, 1957.2) makes sensible com
ments on ecological terminology. Since, as he points 
out, there is still no close agreement, particularly in
ternationally, on the use of new terms, it would be 
inadvisable to bar the use of such inexact but useful 
words as "environment," "habitat," and "commu
nity." He also suggests that when more technical 
terms are used they be defined at the time by each 
author. 

Since even now ecologists do not seem all to be 
in perfect agreement on appropriate uses even of such 
established terms as "biotope" and "biocoenosis," 
less widely accepted words will be discarded here in 
favor of the simplest terminology consistent with lack 
of confusion. For example, "Intertidal Zone" will be 
used throughout to indicate the general habitat of all 
Uca. The zone will be divided into "upper," "mid
dle," and "lower" portions, rather than into more 
precise subdivisions in which various prefixes are 
placed before the general word "littoral." Although 
the more technical terms are in other studies often 
preferable, their use here would be inadvisable, for 
two different reasons. First, we are still too ignorant 
of exact ecological needs in the genus. Second, many 
species have widely variable ecological distributions. 

It is hoped that this use of a majority of non-tech
nical terms will be acceptable even to professional 
ecologists, since the present treatment does not aim 
to present a technical account of the ecology of the 
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genus. Desirable as such a contribution would be, too 
little work has been done by anyone to make it pos
sible. As in many aspects of Uca biology, only a 
resume can be given of the beginnings, along with 
key references, to serve as a basis for future work. 

Finally, it is cheering to note that Hedgpeth's 
pleasant comment of some years ago (1957.2: 48) 
has suddenly gone out of date. He said: "There are 
many still unreconstructed people to whom ecology 
is an unnecessary synonym for natural history." Per
haps our technical knowledge of the ecology of fid
dlers will swiftly grow because of our present realiza
tion of the overwhelming importance of the ecology 
of the planet. And the survival of many now endan
gered Uca populations may incidentally be pro
longed. 

B . T E M P E R A T U R E 

Fiddler crabs are typically adapted to warm climates. 
In the rainy tropics they are active all the year 
around, and breeding individuals are found during 
every month. In the subtropics reproduction in some 
species is restricted by the dry season, rather than by 
temperature. The few species found in the warm tem
perate zone, however, are strongly controlled by tem
perature, both in the limits of their distribution and 
in their seasons of activity. In these forms reproduc
tion is confined to the warmest months, while during 
cold weather the crabs hibernate in burrows. 

1. Geographical Ecology and Temperature. The 
world climate map given by Ekman in the English 
edition (1953) serves admirably for discussion of 
Uca's distribution in relation to temperature. The 
simple zonation is in keeping wtih the distribution 
of this genus, as with that of other littoral forms. 
Three of its main divisions cover Uca's range—trop
ics, subtropics, and the warm temperate zone. The 
complex subdivisions required in terrestrial climatol
ogy are inapplicable to this intertidal group. 

2. Low Temperatures. The lowest levels at which 
temperate and subtropical populations display vary 
widely. For example, in the latitude of New York 
City (42° N) in mid-June, minax fed and moved 
about above ground during periods of low tide. Yet 
the crabs did not display on days when the weather 
bureau temperature during the preceding night fell 
below 2 1 ° C ( 7 0 ° F ) ; this behavior occurred in spite 
of the fact that daytime temperatures regularly 
reached above 29° C (84° F ) . The readings were 
made on sunny days with the instrument held barely 
clear of the ground and shaded. 

During 1968, a series of temperature readings was 
taken on the southern coast of Cape Cod in the north
eastern United States, a peninsula marking the north
ern limit of pugilator. The nightly minima were read 

from a point just above high-tide level, with the base 
of the frame of the maximum-minimum thermometer 
in contact with the ground, and the instrument shel
tered by a post on one side and a piece of wood above 
it. The diurnal readings, obtained as in minax, were 
all made in the midst of the observation area. Dur
ing June the nightly low ranged from 7° C (44° F) 
to a single reading of 15° C (59° F ) , while the day
time highs, regardless of sunshine, lay between 9° C 
(49° F) and 29° C (84° F ) . On June 1, a sunny 
day, several individuals waved at low intensities when 
the temperature stood at 19° C (66° F ) , the low of 
the previous night having been 10° C (50° F ) . Al
though similar records were made several times later 
in the season, they mean little from a functional view
point, since the waves were not fully developed and 
no other trace of social behavior of any kind was 
seen. The season's maximum amount of social activ
ity, including presumably actual breeding, occurred 
in the middle weeks of June, the population being 
notably less active in July in spite of higher tempera
tures. The July lows ranged from 7° C (44° F) on 
July 30 to 21° C (70° F) on July 18; the highs ex
tended from 22° C (72° F) to 31.5° C (89° F ) . At 
no time during the season did the level of social 
activity in the species appear equivalent to that found 
in more southern populations. 

In comparison, on the west coast of Australia, at 
Broome (17° S), four of the five local species were 
active socially in early May, the Australian autumn, 
although the temperature nightly fell to the neighbor
hood of 15° C (59° F ) ; the days, however, were 
tropically warm. 

It is probable that in subtropical localities near the 
temperate zone, such as Florida, Rio de Janeiro, and 
the north Philippines, populations of truly tropical 
species are usually killed off by the occasional freez
ing temperatures. In these cases the populations are 
doubtless quickly replaced through the arrival of 
pelagic larvae, carried by currents from more tropi
cal regions. 

Edney (1962) found in the laboratory that tem
peratures of 10° C (50° F) were lethal for all the 
South African specimens with which he worked, the 
material having been taken on Inhaca Island, 
Mozambique. In July and August the island's tem
perature in the mangrove water sometimes falls to 
17° C (62.6° F) (Macnae&Kalk, 1962). Although, 
as Macnae (1957) says, the species of Uca on Inhaca 
are all tropical, still these populations are clearly tol
erant of mildly subtropical temperatures. 

Physiological studies by a number of investigators 
(Miller & Vernberg, 1968, and refs.) show that low 
temperatures are directly important in limiting the 
distribution into temperate latitudes of this essentially 
tropical genus. For example, the tropical crab, r. 
rapax, acclimated to 18° C (64° F) in the labora-
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tory, soon succumbed to a temperature of 10° C 
(50° F ) , although this temperature is readily tol
erated by its close northern relation, p. pugnax, with 
which, in the northern half of Florida, it is some
times sympatric. Unusually low temperatures also in
terfere with growth, molting, and other processes in 
both larvae and adults. 

Several species—crenulata in the eastern Pacific, 
rapax and thayeri in the western Atlantic, and tangeri 
in southern Europe and West Africa—range from the 
deep tropics through the subtropics and well over the 
border line of the warm temperate zone without ap
parent morphological changes. 

Still, behavior differences related to temperature 
are notable in these species ranging widely through 
climate zones. In the tropics, rapax is socially active 
perennially in all except the driest periods; in the sub-
tropics seasonally; and in the warm temperate zone 
activity is controlled largely by temperature. 

Temperature directly controls the speed of display 
in subtropical populations, as in tangeri (Altevogt, 
1959). 

3. High Temperatures. According to my observations 
(unpublished), it seems highly probable that the four 
forms of Uca that remain active at the highest tem
peratures are Red Sea populations of tetragonon, 
vocans hesperiae, inversa inversa, and lactea annu-
lipes. Of these, work at Massawa showed that tetra
gonon proved most resistant to heat, continuing to 
wave in full sunlight when the mercury reached 
41° C (106° F) in the sun at the surface, providing 
there was an intermittent breeze. With or without a 
breeze, tetragonon always descended its burrow at 
about 42° C (108° F ) . At 41° C (106° F) lactea 
was inactive, in its burrow. The other species de
scended at about 40° C (104° F ) , although display 
and courtship stopped at 39° C (102° F ) . Feeding 
and threat stopped earlier, at about 38.5° C (101° 
F ) . In contrast, most Dotilla and all hermit crabs 
descended by 38.5° C (101° F.) . In Singapore, 
where maximum ambient temperatures are lower 
than in the Red Sea, the temperature tolerance of 
U. lactea was lower by 5.5° C (almost 10° F ) . 

Species of the subgenus Celuca, the group best 
adapted for land, best withstand the highest tempera
tures, whether in the Indo-Pacific, eastern Pacific, or 
western Atlantic. The dazzling display whitening as
sumed by a number of these species may help keep 
the body temperature down, but whitening is by no 
means found in all hot locations or in all the expect
able species. The extreme of whitening also occurs 
sporadically in Thalassuca and Uca and does not 
seem to be related to their endurance of heat during 
display, although it well may prove to be a factor. 

It must be remembered that two temperatures are 
important to all—that on the inside of the burrow 

and that on the surface outside the mouth. The inside 
temperature is of course less extreme in each direc
tion. At Massawa in July, when surface temperatures 
were about 42° C (108° F ) , four inches down the 
burrow the reading was only 40° C (104° F ) . Ex
treme readings on a breezeless protected flat were 
43.5° C (112° F) on the surface, and 40.5° C 
(105° F) four inches down in the burrow of an 
inversa. 

Macnae has shown that because of transpiration 
body temperatures in Uca in the open sunlight are 
1 ° C or more lower than the air temperatures (1957). 

The same author, always working on Inhaca Island 
in Mozambique, found that the upper limits of tol
erance varied with the species, the individual, and 
even the season. In the Mozambique summer (Janu
ary) toleration was roughly 2° C higher than during 
the winter. Nevertheless, 45° C (113° F) was lethal 
for all fiddlers. Of these inversa was notable for more 
tolerance than the rest; lactea annulipes followed; 
next came vocans and chlorophthalmus; urvillei was 
least tolerant of heat. The order is expectable in view 
of the habitats, inversa occurring usually on baking 
salt fiats protected from sea breezes, urvillei often in 
the shelter of partial mangrove shade, and the others 
variously between. The habitat of vocans, near low-
tide levels in very damp ground, would reduce heat 
exposure. 

Verwey (1930), Orr (1955), and Teal (1958) 
found somewhat similar lethal upper temperatures. 

The most direct climatic comparisons in acclimati
zation are those of Vernberg and Tashian (1959). 
They compared temperate and tropical American 
species, finding that at 42° C (107.6° F ) , or 44° C 
(111.2° F) tropical species survived longer than 
temperate forms. If the tropical forms were kept first 
for seven days at 15° C (59° F ) , the difference in 
survival time disappeared. Temperate zone species, 
as mentioned in the preceding section, were more 
cold resistant than tropical forms. 

A biological clock mechanism seems to be con
cerned in the relation of seasonal temperature to dis
play. Specimens of U. arcuata brought alive to the 
William Beebe Tropical Research Station in Trini
dad from south Japan in May lived about 18 months. 
Individuals displayed well through the first and sec
ond summers, but did not display at all during the 
intervening winter, even though temperatures re
mained tropical, differences in day length were only 
very minor, and no dry season conditions were in 
evidence in the out-of-door crabbery. Unlike the 
winter behavior of the crabs in Japan, however, 
whether they hibernated partially or altogether, they 
fed and moved about normally in Trinidad and 
showed some territorial threat behavior. As said 
above, they did not wave and no courtship or mating 
seems to have occurred. Observation was not con-
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stant and if waving occurred very rarely it might, of 
course, have passed unnoticed; it could not however 
have taken place frequently. 

C. W A T E R 

1. Tides. As in many marine animals, in Uca a direct 
relation exists between the number of species and the 
breadth of the tidal range. This relationship exists 
only of course where climate and substrate are suit
able and geographical and historical factors appro
priate. Even though Uca rarely takes advantage of 
the lowest tidal levels, wide intertidal bands encour
age so many forms of life that these filter-feeding 
crabs, living on the middle and upper levels, un
doubtedly benefit from the biological richness of the 
general environment. When more is understood both 
of their food requirements and of the actions of 
pheromones, the interdependence of factors will be 
better understood. 

Whatever the detailed causes, more species live in 
the neighborhood of the Gulf of Panama than any
where else in the world (Map 1). This region is 
notable for extremely wide tidal ranges. In the region 
of Tahiti the usual 6-inch tides can only be partly 
blamed for the presence of only two species, since 
this area is on the extreme edge of the East Pacific 
Barrier; few kinds of pelagic larvae from the west 
have been able to cross the long stretches between 
islands. In southeast Asia and the Philippines another 
major factor is doubtless responsible for the relatively 
few Uca, in addition to mediocre tides. This factor 
is the use of niches by other genera in the family not 
found in America (Ilyoplax, Scopimera, Dotilla, and 
others). In the tropics of the western Atlantic, which 
would normally make a good comparison with con
ditions across the Isthmus, the effects of the glacial 
epochs are no doubt still being felt (p. 433). 

The tide, whatever its range, has a powerful effect 
on the activity of Uca. Usually, of course, the crab 
spends the entire period of high tide underground, 
emerging only after the water has receded from the 
level of the burrow's mouth. With the exception of 
unusual local populations of burgersi (p. 168) and 
pugnax (unpubl.), I know of no record of Uca per
forming waving displays, or engaging in combats or 
courtships underwater. Occasionally fiddlers feed 
when beyond the edge of the tide, or in shallow run
offs coursing through flats or lagoons; usually their 
eyes project above the surface. Often they escape 
threats by running a short distance into the water 
when they are at a distance from their burrows. 
Otherwise, they habitually stay away from the sea 
and descend their burrows as the tide advances. 

Endogenous tidal rhythms play important parts in 
the activities of fiddlers. The rhythm is apparently 
fixed for an individual in accordance with the tidal 

schedule in effect at the locality where the postmega-
lops comes ashore, although, as usual in biological 
rhythms, the rhythm can be altered within a few days. 

2. Rainfall. Rainfall is of special importance in bring
ing about high activity, including display, in fiddlers 
living near high-tide levels. These populations occur 
on the banks of tidal streams and especially on tidal 
flats reached only by spring tides. In periods of 
drought crabs remain in their burrows for days, 
weeks, or months at a time. The first showers bring 
them out to feed actively; within a week or less most 
of them start display and courtship. In the dry season 
even populations of the same species, such as rapax 
in the West Indies and northern South America, 
which live close to the shore and are exposed to reg
ular semi-diurnal tides, do not display or breed dur
ing the dry season, although they feed regularly and 
are otherwise active. This seasonal activity in well-
watered populations indicates the existence of still 
another biological clock. 

Other good examples of this behavior occur in the 
same subgenus, Minuca, on both sides of the Isthmus 
of Panama; in both regions the dry season is severe 
and only the highest tides reach the flats. In the rainy 
season these localities show high activity daily, re
gardless of the tidal level. 

In temperate zones warm temperatures and the 
rains usually coincide, as on the east coast of Amer
ica and in southern Japan. A major reason for the 
poor Uca representation in California, where only 
crenulata occurs, is perhaps the fact that here the 
rainy season comes during the colder weather. 

D. SALINITY 

Fiddler crabs, both as species and as individuals, are 
highly tolerant of changes in salinity; a review of the 
complex means by which osmoregulation is accom
plished in Uca and other semi-terrestrial decapods is 
given by Bliss (1968). This adaptability is unsurpris
ing, since so many species live under estuarine condi
tions which entail an impressive range. The extremes 
extend from salinity near or equaling that of the open 
ocean, characteristic of the dry season, to water 
which is practically fresh, in delta country during the 
height of the rains. 

On the other hand, in many localities rich in Uca, 
testing shows that even during the height of the rains 
the water at high tide is almost equivalent in salinity 
to that of the nearby sea. Such a locality is found 
near Port of Spain, Trinidad. Another stabilizing fac
tor of great importance is the frequently poor drain
age in the burrows; a result of this condition is that 
the salts are held in the substrate, the burrow water 
showing a notably higher salinity than the tidal waters 
flooding the area. Hence, when crabs descend into 
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their burrows to replenish the moisture supply in their 
gills, they do so from the standing water of high 
salinity, and so conserve their own supply of salts. 

The tolerance to changes in salinity does not mean 
that salinity preference is not a species-specific char
acteristic, regardless of the breadth of the range. All 
Thalassuca and most Celuca live close to the open 
sea, where waters at high tide at all seasons approach 
in salinity those of the adjacent ocean. In contrast, 
Deltuca and Minuca in their respective hemispheres 
are tolerant of extremely low salinities, descending to 
about one part per thousand. 

Abnormally high salinity appears to be intolerable. 
When the straits between the mainland and the island 
of Singapore were blocked by a causeway built soon 
after 1945, the adjacent shores became grossly im
poverished. In contrast, in the experience of Dr. 
M.W.F. Tweedie, they had formerly been a rich hab
itat for many ocypodids. It seemed to both of us, 
when Dr. Tweedie showed me the locality in 1955, 
that the heightened salinity must have been the key 
factor in the decline of Uca. At that time it was about 
40/00; the area did not appear to Dr. Tweedie to 
have changed very much in other ways, the human 
population had not notably risen in the neighbor
hood, and no pollution was detectable. 

One of the areas of highest salinity inhabited by 
fiddler crabs is the Red Sea. At the surface of the 
open sea the salinity ranges from 37/00 to 40/00 
(Ekman, 1953). Since at Massawa, where I worked, 
there are no backwaters where Uca are found, these 
salinities are probably fairly typical of the shore. 

E. LIGHT 

Fiddler crabs are primarily diurnal animals. Most of 
their activities, including feeding, digging, fighting, 
display, and mating, usually take place in daylight. 
This rhythm is particularly strong in tropical species, 
in which nocturnal activity seems to be confined 
chiefly to a little feeding by moonlight, to warning 
sounds made in periods of alarm within the burrows, 
and to wandering by crabs in the appropriate phases 
(p. 504). Nevertheless, as found by von Hagen 
(1970.3), nocturnal activity even in the tropics is 
clearly more plentiful than I formerly believed. 

In the temperate zone, however, considerable 
courtship activity is nocturnal in both species investi
gated in detail. These forms are tangeri in southern 
Spain and north Africa, studied by Altevogt (1959, 
1962) and von Hagen (1961, 1962), and, in the 
eastern United States, pugilator as shown by Burken-
road (1947), Salmon & Stout (1962), and Salmon 
(1965). It may well be that the shorter breeding sea
son available in the north has resulted in selection 
toward nocturnal activity. This subject will be con
tinued in a later chapter (p. 502). 

It is certainly true that all populations of Uca show 
more waving activity in sunshine than in cloudy 
weather, providing only that the temperature is not 
too high (p. 442). Regardless of adequately warm 
temperatures and low tides, intensive feeding does 
not start in tropical populations until about two hours 
or more after sunrise. Display starts even later. At 
the end of the day, however, there is a higher toler
ance for lower light levels than during the early morn
ing. In an active population, both display and feed
ing are sometimes continued late in the afternoon, 
when low tide falls at that time near new and full 
moons. Sometimes waving activity then continues un
til sunset or even slightly later, as found in vocans 
near Bombay by Altevogt (1957) and in vocans and 
lactea in Fiji by Crane (unpublished). 

F. THE INTERTIDAL HABITAT 

The general habitat most characteristic of Uca lies in 
the tropics, somewhere near the mouth of a silt-laden 
stream. The stream flows into a sheltered bay partly 
fringed by mangroves. Beyond the mud flats near the 
river mouth, along the shores of the bay, curve wide 
beaches of sandy mud and muddy sand. Tidal lagoons 
often fill depressions behind the shore. Sometimes 
the locality consists only of a narrow stream as it 
flows from nearby hills into a small bay on an is
land's lee. Sometimes it embraces the vast delta of 
one of the great rivers of the tropical world. 

As shown in Figs. 21-23, almost all species of Uca 
live in some part of this general habitat. Only a few 
forms occur either in more exposed localities or far 
upstream in altogether fresh water. 

In particular, no Uca live on surf-beaten shores, 
pure sandy beaches, rocky shores, or in tide pools. 
Two species are borderline exceptions. One is tetra-
gonon, which in some localities is found only on 
shores where a thin layer of sandy mud covers a firm 
substrate of coral and shelly conglomerate. The sec
ond is panamensis, found only among stones at the 
ends of sandy mud beaches. 

No Uca live in the middle of broad open flats of 
soft, deep mud, probably because the deficiency of 
oxygen causes a food shortage. Only maracoani and 
a related form, ornata, extend far out in such mud. 
Even they do not inhabit its middle portions. Final
ly, no Uca live in the deep shade of thickly growing 
mangroves. 

In brief, fiddler crabs may be viewed as animals 
living in environmental borderlands. Just as many 
birds and butterflies occur typically on the edges of 
fields and forests, so Uca is adapted not only to the 
major boundary between land and sea, but within 
that tidal zone to the edges of rivers, mud, and man
groves. 
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G. BlOTOPES 

The term biotope will be used to denote the subdivi
sions of the general Uca habitat described in the pre
ceding section. This is characterized by Hesse, Allee, 
& Schmidt (2nd edition, 1951, p. 165) as "an area 
showing uniformity in the principal habitat condi
tions." 

In a discussion of Uca at the present time there 
seems to be no advantage in subdividing the biotopes 
listed below or in grouping them into larger units. 
This conclusion has been reached simply because we 
do not yet know enough about factors that limit par
ticular species of fiddler crabs to special sections of 
the shore. For example, food requirements are for 
many species undoubtedly an important limiting fac
tor of which we now know practically nothing. 

Because of these uncertainties, the 16 biotopes 
proposed for use are listed with no suggestion of 
hierarchies. It is certain, however, that all are not of 
equal importance and that they are not sufficiently 
subdivided. Nevertheless the list should prove of dis
tinct pragmatic value, since it is based on wide per
sonal experience in observing the ecological distribu
tion of species in the field. Figures 21-23 and Table 
10, used in conjunction, give an overall view of the 
occurrence of Uca as it is now known. Further details 
will be found under the species headings in the sys
tematic section. 

The list below gives the outstanding superficial 
characteristics of the biotopes. They are numbered in 
accordance with the above-mentioned figures and 
table. The same numbers are used in the species de
scriptions in the systematic section under the heading 
Biotopes. 

List of Intertidal Biotopes 

1. (Surf-battered rocky shore: no Uca.) 
2. (Rocks and tide pools: no Uca, except for 

panamensis, which rarely occurs in tide pools.) 
3. (Unprotected sandy beach: no Uca.) 
4. Stony sand with underlying mud, ranging 

sometimes to a hard substrate of coral or shelly 
conglomerate, with mud in interstices and overly
ing the surface in a thin layer. 

5. A thin layer of sand overlying mud. 
6. Muddy sand to sandy mud. 
7. (Open flats of soft, deep mud, far from shore, 

or middle portion of a broad, protected expanse 
of similar mud: no Uca.) 

8. Open mud flats near mangroves. 
9. Muddy sand to mud, partly shaded by edge 

of mangroves. 
10. (Mud in full shade of dense mangroves: no 

Uca.) 
11. Flats of muddy sand, sandy mud, or mud in 

or close to mangrove-fringed lagoon; some of these 
flats are flooded only by occasional spring tides. 

12. Muddy stream banks, flats, near mouth; 
close to mangroves. 

13. Same as no. 12, but with steep banks. 
14. Same as nos. 12 and 13, but water brackish. 
15. River banks, usually steep, upstream from 

mangroves; substrate muddy, clayey, or partly 
sandy; water ranging from almost fresh to fresh. 

16. Subtropical and temperate marshes (man
groves absent). 

Mud may be defined according to Macnae (1957) 
in the definition which seems best to fit the current 
situation as "mineral alluvium mixed with organic 
matter." Sand, on the other hand, is almost pure 
mineral matter, composed of particles larger than in 
mud, and to which consequently far less edible mat
ter sticks. The mouth-parts of Uca are well adapted 
to these differences. The normal habitat of a given 
species, whether sandier or muddier, can be guessed 
merely by examining the setae on the endites of the 
second maxilliped; the more spoon-tips, the more 
nearly sandy the environment will prove to be (mor
phology, p. 455; behavior, p. 456). 

Pheromones, secretions deposited by animals ex
ternally, may form a valuable part of the Uca en
vironment. Their roles are not yet known in this 
group. 

H. COMMUNITIES 

Animals and plants associated with Uca would make 
a formidable study all by themselves. Macnae has 
contributed most to the subject in his reviews of 
South African fauna from ecological viewpoints 
(1956, 1957) and in his general account of man
grove flora and fauna of the Indo-west-Pacific region 
(1968). The present review will be confined to gen
eral comments. In the systematic section remarks are 
included under most species headings on their associ
ates within the genus Uca, in both the broad and nar
row uses of the word "sympatric." 

1. Associated Vegetation. Mangroves are the most 
typical plant formation associated with Uca. When 
one approaches an unfamiliar tropical coast by land, 
sea, or air, the best way of locating Uca as rapidly 
as possible is simply to watch for the patch of man
groves lying nearest to the town and proceed there 
promptly at the next low tide. Mangroves, of course, 
consist of a variety of superficially similar trees and 
shrubs living in association, both the genera and spe
cies varying in different parts of the world. Two of 
the most common genera are Rhizophora and Avi-
cennia. The stilt-rooted plants are found throughout 
the tropics and subtropics of the world, except on 
coasts so arid that there is neither a reliable rainy 
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season nor streams running into the sea. They are 
also absent from mid-Pacific islands. Their latitudi
nal range is similar to that of corals, extending from 
about lat. 32° S in southeast Africa to Bermuda 
(32° N) , an exceptional northern record. Although 
Uca do not rely directly on mangroves for either food 
or shelter, they are of great indirect importance to the 
genus. The rotting leaves and associated animal life 
enrich the surrounding mud and muddy sand in 
which they grow and from which the fiddler crabs 
strain their food. 

When the water becomes too fresh upriver for 
mangroves to grow, their place is taken in fiddler 
ecology by assorted plants, of which a good example 
in the American tropics is the arum Montrichardia 
arborescens ("mucka mucka"; "boroboro"). Panda-
nus serves similarly in many parts of the Indo-
Pacific, such as in the great rivers of Borneo. 

In temperate climates, too far north for mangroves, 
grasses are the principal substitutes. Spartina and 
Phragmites are good examples in the northeastern 
United States. 

2. Animal Associations, (a) PREDATORS. The prin
cipal enemies of fiddler crabs among mammals are 
the crab-eating raccoons of the neotropics; their foot
prints are unmistakable. In the Georgia salt marshes 
of the United States, Teal (1958) found that raccoons 
and clapper rails both fed regularly on fiddlers, while 
aquatic predators of possible importance included 
fish and large crabs. As a whole, birds do not seem 
to take much advantage of the vast numbers of fid
dlers that are sometimes available, although on any 
suitable shore occasional birds, ranging from herons 
to crows, attempt to seize a few members of the 
genus. Usually such hunters are so infrequent that 
they are negligible nuisances during observation of 
fiddler behavior. 

In January 1971 near Bathurst, Gambia, John 
Endler listed the following predators of tanged, along 
with their methods of hunting (personal communica
tion): reef heron (eats adults in water); lemon 
black-backed gull (lies in wait for adults); ringed 
plover (stalks adults and young); whimbrel (stalks 
adults and, especially, young); crested lark (pounces 
on young in short flights); hooded vulture (lies in 
wait for adults). In addition he found that lizards 
(Agama) stalk the juveniles. This is the most exten
sive list I have ever seen that was compiled in one 
locality; comparison material from other areas would 
be of great interest. 

Raut (1943) also observed whimbrels catching 
fiddlers, in this instance on an island near Bombay. 
The whimbrels' method of capturing the crabs has 
already been described (p. 4) . 

Kingfishers use still another technique. Unlike a 
whimbrel, which seizes a fiddler by the large claw, a 

kingfisher grasps the body. In both New Guinea and 
Ceylon I watched such a capture. The bird, crab in 
beak, flew with it to a perch, shook the fiddler vigor
ously until the major cheliped autotomized, and then 
swallowed the crab; in each case I picked up the claw 
and checked that the prey was a good-sized adult of 
vocans. One year at our mountain station in Trinidad 
the population of our most isolated crabbery sudden
ly declined; we found that a local kingfisher had 
learned to wait during our artificial low tides, and 
pounce. 

In Trinidad and Venezuela I have also seen scarlet 
ibis seize fiddlers, but was not close enough to ob
serve details of their technique. For these birds as 
well as for other species, the crabs seem usually to 
descend their burrows too quickly for capture. The 
successes for birds, perhaps, are usually insufficient 
to encourage the necessary effort. Possibly the crabs 
are distasteful, but we have no evidence whatever 
that this is so. Only among certain Indo-Pacific spe
cies are the crabs so vividly colored at all ages that 
aposematism may be suspected (p. 469). 

Von Hagen (1969) reports that in Trinidad a 
grackle and a poecilid fish seized eggs from females 
of vocator. 

The fish Periophthalmus has not been seen to at
tack Uca, although I have watched them often in 
association. The two animals frequently share a mud 
flat under crowded conditions; they appear to dis
regard one another entirely. 

In southern Spain and Portugal, man is a direct 
predator of fiddlers, since tangeri claws are "har
vested," the crab being thrown back to grow another 
(p. 118). Furthermore, in southern Japan a limited 
supply of canned arcuata is seasonally available (p. 
44). Elsewhere, fiddlers do not seem at present to 
be eaten regularly by man. 

(b) ASSOCIATED INVERTEBRATES. The most typi
cal completely sympatric associates in the Indo-
Pacific are grapsid crabs and other genera of ocy-
podids. Particularly notable are Ilyoplax, Scopimera, 
Dotilla, and Macrophthalmus, Outside the grapsoids 
are a few xanthids, hermit crabs, and small mollusks 
and worms, all of which no doubt contribute impor
tantly to the biological richness of the substrate. On 
American shores other ocypodids are absent except 
for Ocypode, which overlaps with Uca only mar
ginally. 

(c) EFFECT OF MAN. Human activities are un
doubtedly and strongly affecting the distribution and 
existence of Uca. A surprising result is that some of 
these effects are in favor of the fiddler crabs. 

For example, a dock-side cove beside the Pacific 
entrance to the Panama Canal may be contrasted 
with a river mouth on the west coast of Palawan— 
one of the most undisturbed coasts in the world. The 
Panama spot, arched around the outlet to a large 
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sewer, supported a cluster of straggling mangroves, 
received a wealth of garbage tossed there from time 
to time—and nourished more kinds of fiddlers than 
any other spot I ever found. Sixteen species lived in 
an area of less than four hundred square yards. The 
place has long since been ruined by oil and eclipsed 
by construction, yet the principle it illustrates remains 
unchanged. In general, the richest site for fiddlers 
will not be a shore devoid of humanity, but some 
spot close to a city, and even closer to a thriving vil
lage—preferably with stilt-legged huts and no plumb
ing. 

In contrast, northwest Palawan was the worst trop
ical place of the kind for fiddlers in my experience, 
although it seemed ecologically ideal. The coast was 
wild, warm, humid, and rich with streams, mud, 
sandy mud, and mangroves. The whole shore was 
backed up by dense forest, and there was no trace of 
any source of pollution. 

The negative side of man's activities is altogether 
expectable. Pesticides, roads, harbors, airports, 
swamp drainage, factory pollution, oil dumped from 
ships, overcut mangroves, and sheer numbers of peo
ple are all having drastic effects on fiddlers. These 
changes are so rapid that they can be detected with 
ease when one revisits a site only a short time later. 
The Panamanian cove mentioned above is an exam
ple. Another is a neighborhood on Singapore Island, 
formerly known as Pandan Swamp, which, during 
1955, was a wonderfully rich locality for numerous 
kinds of ocypodids. The day I left, in September, 
workmen began to cut its mangroves to make still 
another useful fish pond. I hear it is now a thriving 
suburb. 

In 1962 I could find no trace of dussumieri in 
Semarang, Java, which was its type-locality, while 
fiddlers of all kinds were, if still present, inaccessible 
anywhere near the great city of Djakarta, which was 
well known (as Batavia) in Dutch records of JJca 
during the past century. These days military installa
tions screen almost all the city's shores and the 
burgeoning population has overrun the rest. 

Although the southwest coast of India, near 
Cochin, has a topography and climate ideal for JJca, 
only two species occur there. In 1965 very small pop
ulations were found. The pressure of humanity has 
probably been severe here not only for a few years 
but for centuries. 

Near New York City, on the New Jersey mead
ows, fiddlers seem to be extinct; fortunately popula
tions at present remain in relatively accessible spots 
on Long Island and in Connecticut. 

Still more fortunately, rivers still flow in the trop
ics—in Malaya and Brazil, in Borneo, Ecuador, and 
Costa Rica—where JJca still thrive. William Beebe 
once called a Venezuelan mangrove delta "the Land 
of a Single Tree." Thanks to the mangroves' inhos-
pitality to man, each delta is also the land of a mil
lion fiddlers. 

I. SUMMARY 

Most JJca live in warm climates along the sandy mud 
shores of protected bays, the waterways of mangrove 
swamps, sheltered flats near river mouths, and the 
muddy banks of tidal streams. On the other hand fid
dlers are never found on sandy beaches, rocky coasts, 
coral reefs, or any shore regularly exposed to strong 
surf. Aside from these limitations, their adaptability 
is worthy of respect. Both as species and individuals 
they can adjust to wide ranges of temperature, mois
ture, and salinity. In New England and Japan several 
species hibernate. In excessive heat fiddlers every
where descend their burrows, whether in the middle 
of a tropical day or, in a state of aestivation, for many 
weeks in response to heat and drought. Nevertheless 
species-specific differences are increasingly apparent, 
not only in physiological tolerances but in the tem
peratures at which normal feeding and social activi
ties occur. Tides are another important factor in JJca 
ecology; wide amplitudes encourage the development 
of a flourishing intertidal community, including JJca, 
when other conditions are sufficiently favorable. The 
activities of fiddler crabs are closely meshed with 
tidal rhythms, the crabs remaining in their burrows 
throughout the periods of high tide. After a drought 
rainfall stimulates social activity, although fiddlers go 
underground during a hard rain. All species are most 
active in bright sunlight, especially socially; at night 
waving display is always absent but sound produc
tion sometimes increases. Predation on JJca is limited, 
considering the abundance of both crabs and shore 
birds. Man, in progressively polluting and destroying 
habitats, is as usual the chief enemy. Except near 
large cities, however, fiddlers in the tropics seem to 
be holding their own. 
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A. INTRODUCTION 

In live fiddler crabs structure and function are chal
lenging subjects that continue to provide biologists 
with a series of surprises. This chapter concerns 
selected morphological characteristics and their rela
tions to certain ecological requirements and behavior 
patterns. 

Most of the characters discussed are external and 
include all of those most typical of the genus. Where 
our knowledge is severely limited, as with antennae 
and antennules, the structures are briefly mentioned 
to underline our ignorance. The survey includes the 
range of variation, post-larval development, appar
ent adaptive values, and the functional relation, in 
social behavior, of the parts to one another. Descrip
tions of characters of taxonomic importance are given 
in the systematic section, beginning on p. 8. 

While gills and mouthparts are superficially re
viewed, internal anatomy, its physiology, endocrinol
ogy, and the bases of biological rhythms are omitted 
as outside the scope of this book. Key contributions, 
with references, include Barnwell (1968.1), Bliss & 
Mantel, eds. (1968), Demeusy (1957), Hoffmann 

and their Functions 

J. 
K. 
L. 
M. 

N. 
O. 
P. 
Q. 
R. 
S. 
T. 
U. 

Minor or Small Cheliped 
Ambulatories 
Abdomen 
Gonopod (First Pleopod) in Male 
1. Introduction 
2. Flanges 
3. Inner Process 
4. Thumb 
5. Setae 
6. Torsion 
7. Development 
8. Function 
9. Spermatophores 
Gonopore in Female 
Second Pleopod in Male 
Pleopods in Female 
Pile 
Color 
Gills 
Internal Organs 
Summary 

460 
461 
463 
463 
463 
463 
464 
464 
464 
464 
464 
465 
465 
465 
465 
465 
465 
466 
469 
469 
469 

(1971), Passano (1960), Sandeen (1950), Teal 
(1959.2), Vernberg & Tashian (1959), Waterman, 
ed. (1960, 1961), and Newell (1970). 

B. THE CRAB AS A WHOLE 

Male fiddler crabs stand out among all other animals 
in their general appearance, and a human observer 
can recognize them instantly, even when they are sit
ting motionless on a tropical mud flat among a be
wildering throng of other small crustaceans. Their 
outstanding characteristic is the contrast between the 
two chelipeds, one being strikingly large while the 
other is minute; no other group shows a comparable 
disparity. 

In other respects, the shapes of all Uca resemble 
those of many other shore crabs. The carapace is 
usually smooth and always convex, with roughly four 
to six sides. Its divisions are not deeply set off from 
one another, although sometimes the branchial re
gions project well above the dorsal surface. The eyes 
are on stalks. The eight walking legs in an overall 
view are not remarkable. 
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When any Uca is examined closely, the prevalence 
of tubercles, serrations, ridges, and furrows is strik
ing. They occur especially on the sides of the cara
pace, around the orbits, on both chelipeds, and on the 
ambulatories. They divide functionally into two 
groups. Those on the minor cheliped and on the more 
proximal segments of the major cheliped and ambu
latories rub against the carapace or against one an
other during agonistic situations. In contrast, the 
manus and chela of the major cheliped and at least 
the mani and dactyls of the ambulatories are used 
primarily in ritualized combat, engaging with corre
lated structures on the opposing crab. The continuing 
discovery of unsuspected uses of armature details re
mains one of the great surprises in the study of fiddler 
crabs. 

C. SIZE AND ALLOMETRIC GROWTH 

Size is of special interest in fiddler crabs because parts 
of their anatomy grow at very different rates. The 
large claw, especially, is far longer in large individ
uals than in small adults of the same species. As a 
result its development has often attracted the atten
tion of observers, who have ranged from curious 
naturalists to biologists studying growth in a variety 
of animals. The general term allometric growth is 
currently applied to such an inequality of rate. Gould 
(1966: 629) defines allometry in part as ". . . the 
study of proportion changes correlated with varia
tion in size of either the total organism or the part 
under consideration . . . " 

No detailed contribution to either size or allom
etry in Uca has been attempted in the present study. 
The following paragraphs give only a summary of the 
range of sizes in the genus and of their distribution 
among the subgenera, along with a brief introduction 
to their growth ratios. All measurements in this sec
tion are in millimeters. 

The fiddler crab with the largest dimensions known 
to me is a specimen of (Afruca) tangeri from West 
Africa in the collections of the American Museum of 
Natural History; its carapace measures 33 long and 
47 broad, while the propodus attains 109. The next 
largest is a (Uca) maracoani insignis I took in Ecua
dor, measuring 31.5 long with a propodus of 94. 
Probably individual maracoani in life surpass in 
weight tangeri of equal carapace lengths because of 
the greater breadth of each finger of the claw. 

The smallest Uca of mature proportions is (Celuca) 
batuenta; the largest individual known, the holotype, 
measures 4.8 long and 7.6 wide, with a propodus of 
11.8. Two other species, (Minuca) pygmaea and 
(Celuca) tenuipedis, are both known only from spec
imens less than 6 long; all three are from the tropical 
eastern Pacific, the region characterized by the small 

size of most of its numerous species of fiddler crabs 
(pp. 533, 534). 

Between these groups of extremes small species are 
far more numerous than large, as shown by the chart 
below. It is furthermore true that the largest sizes 
within a species are rare, the most numerous and 
active members of a breeding population usually be
ing considerably shorter. Because longer individuals 
not only have much longer claws than short crabs 
but are proportionately broader and thicker as well, 
a slightly longer crab is of much greater bulk than is 
indicated by the length dimensions of the carapace 
and appears much larger in the field. 

These differences can be of great importance to an 
investigator when he is selecting species for various 
kinds of research, ranging from neurophysiology to 
behavior observations in indoor crabberies; further 
comments on these practical aspects will be found 
in Appendix D, p. 670. 

In addition to size range the following chart shows 
the longest claws attained within each group. 

Distribution of Size in the Genus Uca (mm) 
(As Indicated by Lengths of the Largest 

Known Individuals in Each Species) 

Size-group 

Gigantic 
Very large 
Large 

Moderate 

Small 

Very small 

Carapace 
lengths 

30-33 
25-29 
20-24 

15-19 

10-14 

5-9 

Propodus 
lengths 

87-109 
66-80 
50-71 

31-58 

22-53 

10-24 

No. of 
Species* 

3 
3 

10 

11 

22 

22 

Subgenera 
represented 

Afruca, Uca 
Deltuca, Uca 
Deltuca, Uca, 

Minuca 
All except 

Afruca and 
Celuca 

All except 
Boboruca, 
Afruca, and 
Uca 

Australuca, 
Amphiuca, 
Minuca, and 
Celuca 

*Sometimes represented, through subspecies, in two size-groups. 

In the systematic section a few sample measure
ments follow the morphological description of each 
species. These are intended merely as guidelines to 
future investigators, showing the largest specimens 
that have been on hand, or those of unquestioned 
identity appearing in past publications; these figures 
are the bases of the chart above. Also included in the 
systematic section are measurements of moderate-
sized males that are more typical of most specimens 
to be encountered in the field and in collections. 
These measurements, in combination, of the largest 
and intermediate males, also give a preliminary indi
cation of the allometric curve when the ratio of cara-
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pace length to propodus length is compared at these 
two points. 

In his classic paper on allometry in Uca p. pugnax 
and in minax, Huxley (1924) remarked that in groups 
characterized by such continuing allometric growth 
the usual bases for morphological species designa
tions were useless since the individual had no fixed 
form. He suggested that in such cases the k values, 
which indicate the rates of proportional growth in 
various pairs of characters, might prove to be im
portant specific distinctions. 

This ratio, whether based on measurements or, as 
in Huxley's study, on weight, proves to be of little or 
no value for taxonomic purposes in Uca. First, there 
are so many species of similar size and proportions 
that their differential growth ratios in many instances 
coincide. Second, and far more interesting, adult pro
portions are attained at different lengths in different 
populations of the same species. Just one example, 
that of a group of (Minuca) rapax populations, is 
given here (Table 11). I have found similar differ
ences in two populations of (Celuca) lactea annu-
lipes taken in different biotopes on the island of 
Zanzibar, as well as of lactea perplexa on the north
west side of Viti Levu, Fiji. One of the groups of 
lactea lived farther upstream than usual, while the 
other occupied a normal habitat near mangroves. 
Again, because of the different proportions of lepto-
chelous and brachychelous individuals, k values can 
differ in accordance with the prevailing claw form of 
the invariably few individuals of large size. The dif
ference can be striking in Indo-Pacific subgenera 
where extremes of the two forms occur in almost 
every population. Samples of adequate size would, 
of course, take care of the difficulty. Finally, when 
comparisons of claw size to crab size are made by 
weight, variations exist in degree of tissue shrinkage, 
size of air spaces, and amount of liquid; these dif
ferences depend only partly on whether freshly dead 
or preserved crabs are selected for the work; it seems 
preferable, therefore, to use carapace length in rela
tion to length of propodus (manus and pollex) rather 
than weight of crab in relation to weight of claw. 

In every species of Uca the propodus attains a 
length of at least twice the length of the carapace. 
Both fingers of the chela—the pollex portion of the 
propodus and the opposing dactyl—also elongate 
allometrically with respect to the manus. The ex
treme of both forms of elongation is reached in 
{Celuca) jestae; in one individual the longest propo
dus measures 4 times the carapace length, while the 
dactyl is almost 7 times the length of the manus. 

Early in the study a practical rule was needed to 
determine the size at which an individual male should 
be considered mature, whether alive or preserved. 
The indication used has been the dactyl's length; 
when it is clearly longer than the manus the crab is 
considered mature; except in a very few species, such 

as latimanus, all characterized by paedomorphic 
claws, the gauge seems to work. By the time the dac
tyl has surpassed the manus the specific character
istics of armature and gonopods are well developed, 
and individuals with shorter fingers only rarely dis
play and court. 

During growth the major merus also increases allo
metrically in direct relation to the similar growth of 
the propodus and dactyl, all of which of course are 
functionally closely related. In addition, the breadth 
of the carapace especially anteriorly increases with 
size, the degree differing with the species. Further 
changes in proportion are mentioned later in this 
chapter in connection with individual structures. It 
seems likely that the proportions of the rare giants 
in each species illustrate size limitations imposed by 
sheer weight. 

Altevogt (1955.1, 1955.2) recorded in India the 
total weights and weights of the major chelipeds in a 
series of vocans. His largest specimen, weighing 7.40 
gms, carried a cheliped of 3.56 gms—more than 48 
percent of its total weight. In a series of maracoani 
we weighed in Trinidad, the heaviest claw proved to 
be slightly more than 40 percent of the crab's total 
weight, its live weight being 8.09 gms and the weight 
of the autotomized cheliped 3.32 gms. Although in 
both species these proportions are rare exceptions, 
maximum weights of about one third of the total 
weight are common in species both large and small 
distributed widely throughout the genus. Males with
in the normal size range of socially active adults per
haps usually carry chelipeds weighing a quarter or 
more of their total weights. Comparative series of 
weights, made on representative species in the vari
ous subgenera and using samples of adequate size, 
would prove of interest. 

Female Uca are almost always smaller in their 
carapace dimensions than the largest known con-
specific males, and as a rule smaller also than many 
of the displaying males in the actively breeding part 
of a population. Females less than two-thirds the 
maximum female size known in a species sometimes 
carry eggs, the abdomen being apparently always of 
adult breadth before they do so. Small, immature 
females are occasionally courted vigorously by ma
ture males, usually with herding (p. 503), and small 
males with major chelipeds of juvenile proportions 
sometimes try to mate, apparently without success 
(P- 121). 

Biologists wishing to inaugurate studies on fiddler 
allometry will find useful discussions and references 
in Huxley, 1924; Huxley & Callow, 1933; Gray & 
Newcombe, 1938.1, 1938.2; MacKay, 1943; Gould, 
1966; Herrnkind, 1968.2; and Mayr, 1969. In the 
present study the following figures illustrate allo
metric growth in various structures: 24, 25, 27, 30, 
35, 37, 45, 47, and 48. 

The subject of regeneration properly belongs in 
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the realm of physiology and so will be excluded here 
except for two statements that still appear to be 
needed, judging by continuing verbal enquiries and 
recent non-technical publications. First, when a 
major cheliped is autotomized the regenerated major 
cheliped always grows on the same side of the crab 
on which it was previously located; second, when dif
ferentiation begins, at or soon after the second post-
megalopal stage, it does not result from the loss of a 
cheliped. Incidentally minor chelipeds in males and 
either cheliped in females are only rarely lost at any 
age. These points have been established by Vernberg 
& Costlow (1966), by Feest (1969) and by me (un
published). 

Large claws occur about equally often on the right 
and left. As examples, in populations of tangeri, 
rapax, and lac tea 50 males of each were checked. 

D . G E N E R A L S H A P E 

When viewed from above, the carapace ranges from 
almost quadrilateral to clearly hexagonal. The differ
ences depend on the width of the front, the degree 
of the backward slant of the orbits, and the conver
gence of the sides as they approach the posterior 
border. In most species the orbits of adults are so 
slightly oblique and the sides so little convergent that 
the crabs seem almost rectangular; the breadth is al
ways a little greater than the length. Females usually 
have both the orbits and sides slightly less slanting 
than do males. 

The orbits of young crabs always slant more than 
do those of adults, sometimes strikingly so. Never
theless, species having more horizontal orbits as 
adults show this tendency, in comparison with slanted 
species, from the early post-megalopal stages. (Figs. 
1, 24.) 

The paedomorphic carapace shape is marked in 
only a few species. In the Indo-Pacific these include 
rosea and triangularis, and, in the Americas, pygmaea 
and zacae. The shape is not apparently associated 
with paedomorphism in other characters, such as the 
size, proportions, or armament of the major cheliped. 

Slanting orbits are associated in both young and 
old with dorso-lateral carapace margins that converge 
strongly posteriorly. To a lesser extent the vertical 
lateral margins also converge most in forms with 
slanting orbits. Another feature of the carapace asso
ciated with scarcely oblique orbits and sides is the 
presence of distinct, antero-lateral margins, converg
ing little or not at all, or even diverging, before they 
turn to continue as the dorso-lateral margins. Some
times, as in the subgenus Minuca, the anterolaterals 
are extensive. In other examples, as in (Deltuca) 
dussumieri, they are rudimentary and individually 
variable. Throughout the genus they vary even on the 
two sides of the same individual, especially in males, 
where they tend to be longer on the side of the major 

cheliped. In most species they are less developed in 
the young than in adults; an exception is (Celuca) 
stenodactylus (Fig. 24 K, L, M). 

In adults, throughout the genus, the carapace is 
wider than long, the length being roughly 60 percent 
of the width. In young crabs the breadth is always 
relatively less than in adults. 

The regions of the carapace are poorly marked, 
especially in a few species that are periodically sub
ject to desiccation. Here the hepatic and branchial 
regions are often altogether fused and project well 
above the general level of the carapace, which in the 
same species is also exceptionally arched (Fig. 25). 
The difference between rosea, one of the least arched, 
and stenodactylus, one of the most curving, is con
siderable even in the smallest crab stages. 

The same figure shows the difference in orbital 
slant, and the correlated ventral curvature of the 
sternum and abdomen. 

The aspects of the carapace so far considered are 
degree of orbital slant, presence of antero-lateral 
margins, degree of lateral convergence, relation of 
breadth to length, projection of hepatic and bran
chial regions, and degree of arching of the carapace 
as a whole. 

All of these characteristics increase the crab's vol
ume, particularly that of the empty space covered by 
the hepato-branchial regions. They seem obviously 
to be associated with a single ecological adaptation, 
the avoidance of drying out. Not one of the traits 
varies oppositely from the others. For example, a 
crab with strongly slanting orbits and strongly con
verging lateral margins never has long antero-lateral 
margins, a high-arched carapace, or projecting 
hepato-branchial regions. 

These occasional needs to conserve moisture fit in 
well with the variations in carapace characteristics 
both among the species and in post-megalopal devel
opment. For example, all young crabs, being both 
small and equipped with slanting orbits, tend to live 
closer to low-tide levels than do adults, and accord
ingly are less subject to desiccation. Similarly, all spe
cies having strongly slanting orbits as adults live in 
habitats normally moist and partly shady. 

In contrast, whenever the shape of a species results 
in an unusually large volume, its members always 
prove to be exposed at times to risks of drying out. 
The hazards may occur in at least one of four ways. 
First, during a tropical dry season any burrows above 
normal tidal levels may be dry for weeks, except, no 
doubt, for periodic subsurface moistening by spring 
tides; during these weeks or even months the crabs 
do not emerge at all. Second, some crabs burrow on 
flats always dried out during the neap tides, and are 
only active during the fortnightly spring periods; how 
much risk of desiccation they run at the bottom of 
their burrows is still unknown; the fact is that these 
species always show a large volume for their size. 
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Third, several species hibernate in the frozen mud 
of nearly freshwater swamps and river mouths. Final
ly, a number of very small, tropical species display 
for long periods in blazing sun, without moistening 
their gills in the water at the bottoms of their 
burrows. 

Good examples of highly arched species that aesti-
vate seasonally, during neap tide periods, or both are 
some populations of galapagensis in the eastern 
Pacific and inversa around the shores of the Indian 
Ocean. Both arcuata in Japan and minax in the 
northeastern United States regularly hibernate in 
those parts of their ranges and are notably arched. 
Since the larger specimens always live in almost fresh 
water, their burrows are probably often frozen solidly 
in winter. It is notable that pugnax, a species broadly 
sympatric with minax, is not shaped in such a way 
that it attains maximum volume for its size, and it is 
always smaller than minax; expectably, it lives in 
more saline marshes where tides probably reach the 
bottoms of hibernation burrows even during pro
longed periods of surface freezing. A comparative 
study of the ecology and physiology of aestivation 
and hibernation in these species would be most in
teresting. 

U. saltitanta, a very small species in the eastern 
Pacific, will serve as a good example of a form that 
displays with prolonged vigor and shows all the fea
tures resulting in a large volume. Its range is strictly 
tropical and its burrows always close to low-tide lev
els, so that neither seasonal nor semi-lunar desicca
tion could ever be threats. Yet its preferred substrate 
is always dark mud in open sunlight, while its peak 
display periods extend through the noonday heat, all 
characteristics promoting maximum temperatures at 
the time of their greatest activity. Yet saltitanta dis
plays as vigorously as any known species, and for 
astonishingly long sessions. One individual continued 
for 20 minutes. Its endurance must be aided not only 
by its shape but by its brilliant white display color. 

Several other American species, stenodactylus, 
leptodactyla, and latimanus, not only are very small 
and yet display in baking sun for many minutes at a 
time, but also often have burrows subject fortnightly 
to desiccation during neap tides. Their large volumes 
must, it seems, be doubly useful. 

E. FRONT 

The front of the carapace is not associated with the 
adaptation to avoid desiccation. This tongue extends 
ventrally between the eyes (Figs. 1, 26) and varies 
in width from less than a fifteenth to about two-fifths 
the width of the carapace. The front's breadth and 
shape are similar within subgenera, but there is often 
marked individual variation, and females are as a rule 
slightly wider than males. Both the narrowest and 

broadest examples (subgenera Uca and Minuca) are 
American. A shallow, central furrow usually is evi
dent, as is a low rim continuous with the orbit's dor
sal margin. This rim is almost always broad and 
smooth, but very rarely is minutely beaded on one or 
both edges. 

In all species except those of Minuca, the relative 
width of the front decreases during growth. In 
Minuca, however, characterized by broad fronts, the 
width increases relatively as well as actually. (Fig. 
32.) 

The adaptive values both of broad fronts and the 
associated shortened eyestalks remain puzzling. A 
narrow front obviously permits longer eyestalks and 
therefore makes visible more distant objects. Long 
stalks also serve as periscopes when a crab is feeding 
in shallow water (von Hagen, 1970.2). Yet some 
species of Minuca, for example burgersi and rapax, 
also often feed in shallow water, even though they 
have the shortest eyestalks in the genus, and con
tinue to feed even when wholly submerged. Perhaps 
efficiency of vision has been sacrificed in Minuca to 
advantages in the morphology of the underlying 
nervous centers. As noted above, armature, except 
for the unlikely possibility of the rim, is absent; so 
far no appendage has been observed to rub against it. 

F. DORSAL AND LATERAL ARMATURE 

OF CARAPACE 

In addition to the equipment forming part of the 
orbits themselves (p. 453), the carapace bears as
sorted organized roughnesses that interrupt to vari
ous degrees the smoothness of its surfaces and mar
gins. All are localized and variable, especially in 
males. Always, too, they are stronger and less vari
able in females. Only one species, the West African 
tangeri, has the dorsal carapace generally covered by 
large tubercles. Many species, however, are more or 
less finely tuberculate on the hepatic and branchial 
regions, especially near the antero-lateral margins. 
Sometimes the roughness is achieved partly or wholly 
by weak rugosities. 

On the dorso-lateral, lateral, and posterior parts 
of the carapace lie a group of striae which rank with 
the most variable characteristics of the genus. The 
variability extends through all groups, among the sub
genera within species, and between sexes. All of the 
structures, when present, are stronger in females and 
sometimes are only developed in that sex; all of them 
are sometimes altogether absent. All are formed of 
striae which rarely develop to the point where they 
may be termed ridges; they range from smooth to 
beaded and, rarely, strongly tuberculate. The group 
consists of the antero-lateral margins, postero-dorsal 
margins, postero-lateral striae, vertical lateral mar
gins, and posterior margin (Figs. 1 ,3) . 
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The antero-lateral margins alone are sometimes 
finely serrate; usually they are minutely beaded or 
smooth; as described earlier (p. 451), they range 
from absent to moderately long. Continuing inwards 
and posteriorly, the dorso-lateral margins occur most 
typically in males as smooth or feebly beaded striae 
which show stronger beading in females. These striae 
are weak to absent and especially variable in Indo-
Pacific Deltuca and related subgenera; contrastingly, 
one American species, (Uca) ornata, has them 
strongly tuberculate in both sexes. When present, the 
two postero-lateral striae lie one above the other be
hind and below the dorso-lateral margins. Always 
absent in Deltuca, they range through varying de
grees of predictability and strength to the American 
Minuca where the upper stria is always long and 
strong, curves forward and laterally, and is some
times beaded; in addition the short lower stria in 
Minuca is sometimes supplemented by similar struc
tures, always short, which are irregularly arranged on 
the posterior sides. The vertical lateral margin in 
Deltuca is always weak in males, being absent at least 
in its upper portion. In American crabs, on the con
trary, it is distinct, except uncommonly in the sub
genus Uca, and often beaded. Behind it, continuing 
around the lower edge of the carapace laterally and 
posteriorly, usually lies a broad, smooth, raised rim 
similar to that of the front. It sometimes has its upper 
edge finely beaded, at least laterally, in continuation 
with the vertical lateral margin. 

In spite of the variation of all these structures 
throughout the genus, striae, viewed as a group, are 
clearly weakest in Indo-Pacific narrow-fronts, par
ticularly in Deltuca, and strongest in the American 
Uca, Minuca, and Celuca, where the males some
times show as much strength in the structures as do 
the females. All develop gradually during growth. 

Not one of these structures has yet been clearly 
and certainly observed in action. The nearest ap-
approach to data are short motion picture scenes of 
several Celuca. In these, the meri of the middle am
bulatories appear to be rubbing against either the 
vertical lateral margin, or the postero-lateral striae, 
or both; these obscure motions are in association with 
the definite rubbing of the ambulatories against one 
another in threat situations (pp. 482, 483). 

G. ORBITAL REGION 

1. Introduction. (Figs. 3, 26.) The orbits form two 
large sockets in the carapace opening anteriorly; 
within them the depressed eyestalks and eyes fit 
loosely. The stalk is often much more slender than 
the diameter of the socket, although the eye itself 
fits more snugly, especially in Minuca and Celuca. 
Throughout the genus the orbit not only furnishes 
obvious protection to the eye when the crab is under

ground, but is equipped in various fashions to drain 
off the muddy or sandy water that accumulates in the 
socket, particularly while the crab is digging. All spe
cies have a major drain at the inner, posterior corner 
of the orbit, where a channel passes between the base 
of the antennule and the end of the suborbital ridges. 
A second channel is always free of tubercles in the 
orbit's extreme outer, posterior corner. The spaces 
between the crenellations of the suborbital margin 
also provide a series of drains. 

In all species, through the varied ridges, tubercles, 
and crenellations of its margins, the orbit forms an 
apparently important part of the signaling equipment 
of the carapace. At present we are only beginning to 
learn how it is used. In the following account of the 
orbit's divisions, this equipment will be described in 
more detail. 

2. Eyebrow. The eyebrow, a curving, double-bor
dered section of the dorsal edge of the orbit, lies im
mediately above the central part of the depressed 
eyestalk. It ranges from almost non-existent in Indo-
Pacific narrow-fronts to wider than the stalk's thick
ness in some Celuca (Fig. 26). It varies similarly in 
its degree of verticality; sometimes it is completely 
visible in a dorsal view of the crab and sometimes it 
can scarcely be seen except from the front. Its proxi
mal and distal borders are uncommonly marked by 
smooth striae, but usually by finely beaded edges, of 
which one or the other is often much the stronger 
throughout related groups of species. The eyebrow 
and its beading are well developed in young crabs. 
Its function at any age is unknown. 

3. Antero-lateral Angle. This fixed point on the cara
pace ranges from bluntly obtuse to acutely produced; 
its shape on two sides of the same male and even 
female are often somewhat different; in males the 
more produced angle is on the side of the major 
cheliped. The angle's sides and the adjacent anterior 
and lateral margins of the carapace are sometimes 
minutely serrate or tuberculate as is, rarely, the ven
tral margin of the angle. There is little change with 
growth, except that in wide-angled species the angle 
is more acute in small crabs, while in all species any 
inequality on the two sides increases with age. In at 
least several species the angle is rubbed by at least 
the major merus in threat situations; details are not 
yet known. 

4. Suborbital Margin. In most Indo-Pacific Uca, the 
antero-ventral margin of the eye is almost entire, with 
low crenellations confined to the outer half of the 
lower margin of the orbit. Toward the middle or 
inner part of the orbit's floor, these crabs often have 
either a distinct ridge or mound, or else there is a 
row of tubercles, which varies considerably within 
species and is sometimes found only in females. 



454 STRUCTURES AND FUNCTIONS 

These tubercles occur in males in some Deltuca, in 
Australuca, and in the west African tangeri (Afruca); 
very rarely they occur in female Celuca. In all species 
with weak crenellations but with prominences, tuber
cles, or granules on the orbit's floor, the general as
pect of this part of the orbit is rolled out. 

In contrast, species of Thalassuca and Amphiuca 
in the Indo-Pacific, the West African tangeri, and 
almost all American forms have well-developed 
crenellations extending the full width of the lower 
orbit and sometimes continuing along its outer mar
gin. In every species the crenellations are accentu
ated close to the margin's antero-external angle. 
Often they are simply larger than elsewhere; some
times they are distally truncate and directed strongly 
outward; sometimes a series is fused into a strong, 
projecting ridge; often the spaces between them are 
wider and more deeply incised. Throughout the 
genus, weak crenellations are often associated with 
profuse setae and, sometimes, pile, both on the floor 
of the orbit and on the suborbital and pterygostomian 
regions. Often only the crenellations of the outer an
gle are unobscured. 

Without exception, species that live on sandier 
rather than muddier shores have stronger crenella
tions, fewer setae, and less pile. Except in many 
Celuca, which are often notable for strong crenella
tions in both sexes, this marginal equipment is usual
ly stronger in females than in males and they some
times have less pile around the crenellations. 

Our knowledge of the functions of the crenella
tions is rudimentary. It is certain, both from field 
observations and from motion pictures, that at least 
the crenellations of the outer angles are sometimes 
rubbed by the dorsal and postero-dorsal armature of 
the major merus in males; at least in some Celuca, 
the action of the merus is probably best described as 
a vibratory tapping, rather than as a rub. It occurs 
in threat situations and, perhaps, in some unmixed 
courtship displays. In addition we know that the 
minor cheliped in males and both chelipeds in females 
rub against the crenellations. In no single case are 
the exact juxtapositions of segments and their parts 
clearly established (p. 482). 

5. Suborbital and Pterygostomian Regions. These 
areas, immediately below the orbits and each other, 
may for convenience be briefly considered along with 
the orbits. Functionally they have perhaps more in 
common with the third maxillipeds which lie between 
them, since their pile and setae, profuse or sparse, 
apparently play a role in the aeration of water re
circulated through the gills, the associated cooling of 
the body (Altevogt, 1969.2), and on occasion of the 
eggs (p. 472). 

In all species the region immediately below the 
lower orbital margin is somewhat flattened and bor
dered posteriorly by a sinuous ridge; in general it is 

concave anteriorly and stops short of the orbit's inner 
corner; it apparently forms part of the system drain
ing muddy water from the orbits. The surface of the 
suborbital region is usually more nearly naked than 
is the pterygostomian area, which is always well pro
vided at least with short, sparse setae; these setae 
extend laterally to the vertical lateral margin, where 
they abruptly cease. In general the suborbital and 
pterygostomian regions are similarly equipped in any 
given species, being in some setose and relatively flat, 
and in others nearly naked and strongly convex; often 
the pterygostomian region is tuberculate. Since the 
roughness is frequently completely concealed by 
setae, it does not seem likely that the tubercles can 
then function in any form of sound production; our 
ignorance of the subject, however, remains complete. 
As with the dorsal part of the carapace and the third 
maxillipeds, mud-dwellers show less convexity than 
do species living in sandier habitats. 

6. Growth of Orbital Structures. In young Uca the 
orbits are relatively deeper dorso-ventrally than in 
adults, in correlation with the wider eyestalks. Eye
brows are narrow or absent in the youngest crabs. 
Prominences, granules, or tubercles are discernible 
on the orbit's floor, when characteristic of a species, 
in the youngest post-megalopal individuals; some
times, as in dussumieri {Deltuca), prominences are 
better developed in young crabs than in adults, al
though this is not true of granules and tubercles. Mar
ginal crenellations are always weak or undeveloped 
in the smallest crabs. The characteristics of the sub
orbital and pterygostomian regions develop gradual
ly. (Fig. 27.) 

H. ANTERIOR APPENDAGES 

1. Antennae and Antennules. These organs are small 
and inactive in Uca, in comparison with their size and 
importance in aquatic forms. Comparative counts of 
the segments of the antennal flagellum have not been 
undertaken, except for a token examination of three 
widely separated species, dussumieri, maracoani, and 
minax. In each of these forms, the segments in three 
males numbered between 30 and 40. 

In common with other crabs, Uca has no statocysts 
and there is at present no evidence that the anten
nules play any part in the detection of vibrations. At 
least when a fiddler crab is on the surface, they are 
kept folded in their sockets below and behind the 
front (Figs. 26, 28) ; they never show overt motion 
when in the presence of possible airborne chemical 
stimuli, as during courtship. In short, at present any 
comment on the functions of these organs simply 
underscores ignorance. 

2. Eyes and Eyestalks. As will be seen from Figs. 31 
and 32, the length and relative thickness of the eye-
stalk and the size of the terminal eyes are exceedingly 
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variable throughout the genus. The species with the 
longest stalks are members of the Indo-Pacific sub
genus Deltuca and the American subgenus Uca; all 
of the longest stalks are also the most slender, lying 
loosely in the orbits. In broad-fronted crabs the stalks 
are of course shorter, since in these species the cara
paces are not correspondingly wider. In short-stalked 
forms the stalks are also relatively thicker. Crabs 
with slender stalks usually have the diameter of the 
eye greater than that of the stalk; especially in the 
superspecies coarctata, the eye is notably bulbous 
(Fig. 31 A). In contrast, in very broad-fronted crabs 
(Fig. 31 H) the eye projects scarcely at all beyond 
the circumference of the stalk. In a few species (Fig. 
31 E) the depressed eye projects distinctly beyond 
the presumably protective antero-lateral margin of 
the orbit; these crabs do not live in the mud. 

In several species of Uca the eyestalk and orbit on 
the major side are considerably longer than those on 
the minor, growing allometrically. The best exam
ples, both in the subgenus Uca, are maracoani and 
ornata. 

In two related species, heteropleura and stylifera, 
the eye on the major side in adult males is sometimes 
equipped with a terminal style of variable length, 
similar to those found in some species of Ocypode. 
In almost all species of the same subgenus, Uca, the 
style occurs in some young males but not in adults. 
The structure is never strikingly colored to human 
eyes, even when the crab has attained the polished 
white of display coloration; it seems to be too slender 
to add to the crab's conspicuousness. It plays no part 
in waving display or advanced courtship. Work on 
possible endocrine involvement has not been under
taken. In short, the style's function remains unknown. 
Von Hagen (1970.2) has recently reviewed the 
problem. 

The young of all species, whether Indo-Pacific or 
American, have the eyestalk relatively thicker, with 
the eye larger, than do adults (Fig. 32). As the front 
is proportionately wider in young than adults in all 
subgenera except Minuca, so the eyestalks are shorter 
in the young with the same exception. In other words, 
almost all species in Minuca, both in the shape of 
the front and length of the eyestalks, accentuate the 
post-megalopal characters of the genus, in a distinct 
form of paedomorphism. In very young Uca the 
eyes in the rest position tend to project beyond the 
antero-lateral angles, as is usual in megalopa. 

3. Maxillipeds and Other Mouthparts. As in other 
crabs, the maxillipeds are concerned with the inges
tion of food and involved in the respiratory system. 
In addition, the fiagellum of the third maxilliped is 
one of the appendages used in cleaning the eye. Fig. 
33 shows the structure of the three pairs of maxil
lipeds, in comparison with those of Ocypode, the 
other genus considered to be in the same subfamily; 

see also Figs. 76, 77 and 78. Comparison may also 
be made with the mouthparts of Cancer, figured in 
Pearson's monograph (1907-1908). The most nota
ble specializations in Uca are the development of 
spoon-tipped setae on the second maxilliped and of 
the gill on the third. The gill will be discussed along 
with the gill system (p. 469). 

Both the sculpturing and patterns of external setae 
on the third maxillipeds are basically similar through
out the group and in detail they have not proved very 
helpful as taxonomic characters. Channeling, prob
ably as part of the external drainage system, is nota
ble in species of Minuca, most of which live in mud 
or sandy mud rather than in muddy sand. In species 
of Celuca with strongly arched carapaces and sterna, 
the ischium and merus of this outermost maxilliped 
are also unusually convex. In Minuca, the merus of 
the third maxilliped is relatively large in respect to 
the length of the ischium. This can be viewed as a 
minor paedomorphic character, since the merus 
throughout the genus is slightly reduced in relative 
size during growth. 

On the second maxilliped the inner edge of the an
terior half of the merus, along with the tip of the 
palp, usually has some setae ending in concave, pecti
nate expansions; these are here termed "spoon-
tipped setae." In some species they are almost lack
ing, while in others they may total several hundred 
individuals, arranged in numerous rows and covering 
more than half the inner surface of the entire length 
of the maxilliped. Examination of a majority of spe
cies in the genus has shown that those species living 
primarily on muddy substrates have few spoon-
tipped setae, while those in environments most nearly 
approaching sand have the most. Examples of the 
various forms occurring are given in Figs. 36 and 37. 
The question of ranges of variation among different 
populations living on somewhat different substrates 
has not been investigated. It is not yet known whether 
the number of scallops on the spoon vary in accord
ance with habitat. One characteristic of probable 
phylogenetic importance is the proximal, spine-like 
protuberance found only in tangeri from West Africa 
and in all six members of the American subgenus 
Uca. (Fig. 37, E, F, G.) Spoon-tipped setae appear 
early in the life of the crab, but do not reach their 
final numbers until the individual approaches matu
rity. 

Uca's method of feeding appears simple. To casual 
observation the crabs seem literally to be eating mud. 
At low tide a fiddler scrapes up pinch after pinch of 
substrate with a small cheliped and thrusts the pellet 
into the buccal region. Here, however, the inner max
illipeds function together in a complex straining pro
cedure that separates edible matter from most of the 
inorganic particles. The organic portion, still slightly 
mixed with substrate, then passes into the stomach, 
while mineral matter is rejected. Because of the activ-
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ities of the mouthparts fiddler crabs are usually called 
filter feeders. 

The first account of Uca which attempted analysis 
of both food and method was that of Verwey (1930). 
Crane (1941) described the spoon-tipped setae and 
suggested their association with muddy or sandy hab
itats. Altevogt (1955.1, 1955.2, 1956.1) carried 
analysis and description much farther, including an 
account of the process by which edible particles are 
floated away from the heavy inorganic matter. Final
ly, Miller (1961) described the functions of the many 
appendages and their parts involved in the complex 
process, contributing new facts and probabilities. He 
also presented additional ecological evidence for the 
differences observed among the mouthparts of three 
species. More recently, Ono (1965) provided data 
on Uca lactea in Japan. 

The following summary of the role of the inner 
maxillipeds and other normally concealed mouth
parts is taken essentially from Miller. A general ac
count of feeding, as a major behavior pattern, starts 
on p. 472. 

The rapid and complex motions in the buccal cav
ity are unfortunately wholly invisible under natural 
conditions. A good idea of them may, however, be 
obtained by removing the third maxillipeds, placing 
a bit of substrate on the exposed inner mouthparts, 
and observing the subsequent activity through a dis
secting microscope. The ingested particles consist 
principally of light-weight edible matter and coarser 
inorganic particles. All are trapped in the long setae 
of the first maxillipeds. Against these the matted setae 
of the second maxillipeds now press. The area is si
multaneously flooded by water from the branchial 
chambers. The second maxillipeds in vibrating, lat
eral sweeps free the coarser particles from the first 
maxilliped, catching them between specialized setae, 
including those with spooned tips; during the sweep
ing motion these and other setae scour the particles 
free of filmy food material, which is left caught in 
the setae of the first maxillipeds. 

From there the comb-like setae of the vibrating 
maxillae pass the material backward, probably re
moving further inorganic matter. Finally it is drawn, 
still somewhat mixed with mineral substrate, between 
the mandibles. 

Meanwhile, when the second maxillipeds reach the 
lateral ends of their rapid sweeps, they break away 
from their closely appressed, scouring position 
against the first maxillipeds. At this instant the heavy 
inorganic particles are washed down and back to the 
base of the buccal cavity. 

Here, when an intact crab feeds normally, a wet 
gobbet appears and grows rapidly in size. Usually a 
small cheliped wipes it off, after every few clawsful 
of substrate, and drops it on the ground as a pellet; 
sometimes it falls off of its own accumulating weight. 

I. MAJOR CHELIPED 

1. Introduction. Nothing approaching the exaggera
tion of this appendage is found in other crustaceans, 
even among lobsters. For comparisons in the animal 
kingdom one must hunt far; deep-sea Gulper Eels 
(Eurypharynx) with their elongate jaws are the best 
examples that come to mind. Antler-bearing mam
mals, including even moose and Irish elk, show in 
contrast minor specializations. In fiddler crabs the 
claw alone, at its maximum relative weight, reaches 
almost half the total weight of the crab. In length, 
the same part of the fiddler sometimes measures 
more than three times the length of the carapace. At 
its extreme, the claw attains four times the carapace 
length and, in the same species, the major dactyl 
seven times the length of the manus. 

The segments divide functionally into three groups 
(Figs. 1 and 2) . First and most proximal are the 
basis and ischium; the merus and carpus form the 
second pair; finally, the segments of the claw itself 
form the third group, composed of the propodus 
(manus and pollex) and the dactyl. As in other deca
pods, the pollex is a fixed extension of the lower dis
tal part of the manus; attached to the latter's upper 
distal end is the dactyl or movable finger. The dac
tyl and pollex together are termed the chela, with pre
hensile edges formed by the upper margin of the pol
lex and the lower of the dactyl. 

The basis and ischium, while important in the 
movement of the merus and hence of the entire ap
pendage, are small, relatively invariable, and un
armed, except for occasional granules or spinules 
which are always minute and variable and have never 
been observed in use. These two proximal segments 
will not be considered further. 

In addition to their muscular functions during dis
play and combat, the merus and carpus both are 
equipped with a variety of structures apparently used 
only in threat, or possibly in courtship situations, and 
never in combat. At these times, roughnesses on the 
merus are rubbed or rapidly tapped against corre
lated structures on the anterior and antero-lateral 
parts of the crab's own carapace, or against the merus 
of an ambulatory. Sound is undoubtedly usually pro
duced by these motions, but the recorded evidence is 
still scanty. 

Finally, the claw itself is used principally in wav
ing display, where it is rhythmically moved, and in 
combat with other males. Additional uses occur in 
sound production, when it sometimes vibrates against 
the ground in both threat and courtship. In a few 
species, certain tubercles apparently also signal by 
rubbing against an ambulatory. When viewed as a 
whole, the appendage shows a striking functional 
dichotomy. The armature of the merus is self-
directed, chiefly against correlated structures on the 
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carapace. That of the claw, with rare exceptions, is 
directed toward particular structures on the claw of 
another individual. Yet, regardless of additional 
minor uses in the acoustics of courtship, the entire 
complex armature of both merus and claw forms a 
vast system reserved for intermale behavior. 

2. Merus and Carpus. These segments are larger or 
smaller in conformity with the allometric growth of 
the manus, pollex, and dactyl. The result is that the 
tip of the chela always, in the folded rest position, 
lies either directly in front of the buccal region or 
somewhat beyond it, on the side of the minor 
cheliped. 

With a few exceptions, the merus is a stout seg
ment. It is always convex and partly roughened pos
teriorly and dorso-distally. Dorso-proximally and an
teriorly it is flat and almost always smooth. Details 
of the range of its armature are given in the taxo-
nomic description of the genus (p. 15). Table 12 
gives the known instances of the armature's use. 

This armature is almost always strongest along 
the antero-dorsal margin, particularly at its distal end 
where adjacent tubercles also often occur in.the up
per distal end of the anterior surface. In young crabs 
this distal complex can come into rubbing or vibra
tory contact with the crenellations of the outer sub
orbital margin. In larger individuals, however, allo
metric growth puts the segment's end altogether out 
of reach of the carapace. Perhaps any stridulatory 
or vibratory function this area may have is important 
only in juveniles, since in mature males waving dis
play may supplant certain acoustical threats. 

The postero-dorsal margin in most subgenera is 
strongly angled only in its proximal part and through
out is scarcely armed; distally it tends to obsolescence 
and is sometimes absent. On each side of this distal 
marginal area, the dorsal and posterior surfaces are 
more or less roughened. Even in the many species 
where these regions are nearly smooth, some rugosi
ties persist dorso-posteriorly near the segment's dis
tal end. This area, at least, seems sometimes in young 
crabs to vibrate against the suborbital region, the 
antero-lateral angle, or both. As with the antero-
distal tubercles of the dorsal margin, allometric 
growth carries these rugosities beyond the* possibility 
of such contact. More proximal and posterior rugosi
ties apparently serve the larger crabs, and even the 
postero-distal armature is for them within reach of 
at least the first ambulatory. 

The smooth, proximal section of the dorsal aspect 
of the merus comes most easily into contact with the 
adjacent outer pterygostomian region; such contact 
would seem, from a signaling point of view, to be 
ineffective, since the region is always setose. The fact 
that this part of the carapace, like the entire antero-
dorsal and lateral areas, covers chiefly empty space 

should, however, be kept in mind; it may well prove 
true that some of the vibratory motions of the merus 
consist only of tapping this smooth portion against 
the pterygostomian region; preliminary observations 
and films give some support to this notion. Perhaps 
the underlying airspace provides a drum-like resonat
ing chamber. This structure might also reinforce the 
more conventional forms of stridulation suspected to 
result from the frication of some of the meral arma
ture against the suborbital, antero-lateral, and lateral 
structures of the carapace. 

Rubbing also certainly takes place against the dor
sal meral margins of at least the more anterior ambu
latories. Which merus in the latter contacts does the 
rubbing is not yet clear, but it seems that both the 
cheliped and the leg may at times be active. 

Distally and subdistally the dorsal part of the 
merus shows two parallel ridges which are usually 
armed with minute tubercles or serrations. Their use 
is unknown. 

The third margin, the ventral, is always sharply 
angled and more or less regularly equipped with small 
tubercles or serrations. Its function, again, is un
known. 

The carpus, usually almost as broad as long, like 
the merus is anteriorly flat and essentially smooth, 
while it is rounded and usually rough posteriorly. 
Dorsal flattening is characteristic, in conformity to the 
dorsal part of the carpal cavity of the manus, into 
which it fits when the cheliped is flexed at rest. The 
dorsal and posterior armature ranges from rugose to 
tuberculate and is sometimes almost lacking. The 
dorsal margin, the ventral, and a low, oblique ridge 
on the anterior surface usually have a few tubercles, 
always very small except for rare enlargement on the 
anterior ridge. None of them has been observed in 
use; they do not seem suitably located for stridula
tion in conjunction with any part of the adjacent in
ner manus (palm). 

3. Manus, Pollex, and Dactyl. This section, the claw, 
forms a functional whole which may be viewed in 
several ways. It attracts an observer's attention first 
in waving display; here its large size, rhythmic mo
tions, and often striking colors all make it conspicu
ous. It also acts as a grasping organ, whether the 
object seized by its prehensile edges is another claw 
or a human finger. Finally, it is one of the most high
ly and variously specialized organs known to zoology, 
and certainly is unsurpassed in the number of adapta
tions for ritualized combat. The emphasis in this sec
tion will be on the last aspect. 

The variety of armature on the claw appears at 
first bewildering, even when the basic functions of 
the structures have become apparent. A count of dis
tinct structures on the claw of a single subgenus, 
Celuca, totals 84 (Figs. 42, 43, 44; Table 13); each 
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of these may be justly considered a unit, it seems, 
since each on occasion varies independently of its 
neighbors. The table also indicates the range of varia
tion within each unit. Of these 84 structures, about 
60 are known to be used in at least one combat com
ponent in at least one species of Celuca or the related 
genus, Minuca. Each of the two species in which the 
forms of combat are now most familiar employ more 
than 40 of these structures in their combat reper
tories (Table 14). The particular structures used in 
a given combat depend not only on the forms of the 
combat components employed, but also on whether 
the combat is between homoclawed or heteroclawed 
individuals, on notable differences in size, and even 
on whether the first actor approaches his opponent 
from the outer side of the latter's manus or from the 
palm side. 

The structures as a whole are arranged in orderly 
groups, regardless of their wide range of variations. 
They divide in general into ridges, mounds, grooves, 
pits, depressions, and associations of tubercles; al
most all are highly localized and usually of limited 
variability within species. 

Only the outer side of the manus is relatively 
homogeneous in contour and armature, being in gen
eral convex and usually covered with tubercles. Even 
here the tubercles are of at least different sizes on 
different parts of the manus, and are often differently 
arranged in the upper and lower portions; often they 
are further specialized near a depression at the pol-
lex base. Often the upper third or less is bent over 
toward the inside and more or less flattened, func
tionally forming a part of the dorsal margin. 

In contrast, the palm has some wholly smooth 
areas contrasting with characteristic arrangements of 
tubercles, while cavities and grooves are juxtaposed 
with mounds and ridges. In an overall view, seven 
general regions are characteristic of the genus. Most 
proximal is the carpal cavity, a deep depression into 
which fits the carpus when the cheliped is folded, and 
the edges of which vary greatly among species in 
height, shape, and armature. The second character
istic structure is the oblique ridge, usually tubercu-
late, running approximately from the carpal cavity to 
the ventral margin near the pollex base. Often sharp, 
with a high apex beside the carpal cavity and regu
larly tuberculate, the ridge is sometimes low, blunt, 
and nearly smooth. The third major area consists of 
one or two roughly vertical ridges at the dactyl base, 
usually tuberculate; the proximal continues ventrally, 
rounding into the inner prehensile row of the pollex. 
The fourth area is the depression at the pollex base, 
ranging from slight to deep and smooth to deeply 
grooved or tuberculate. The fifth region, while less 
conspicuous than the preceding four and at present 
less well known functionally, must be of great im
portance, judging by the variety and complexity of 

its specializations. This zone is that of the dorsal mar
gin and the adjacent submarginal region of the palm, 
which functionally appear closely related; a similarly 
close connection doubtless exists, as indicated in the 
preceding paragraph, between the dorsal margin and 
the submarginal area of the outer manus. On the 
upper palm the marginal and submarginal areas are 
equipped with various combinations of an impressive 
assortment of tubercles arranged in reticular and 
linear formations and of grooves and depressions, 
and often show as well notable flattenings or convexi
ties. The sixth area, that of the center palm, varies 
from a distinct trough connecting the carpal cavity 
with the pollex depression to a convex area almost 
continuous with the dorsal side of the oblique ridge; 
finally, a proximal triangular area is bounded above 
by the lower edge of the carpal cavity and by the 
oblique ridge; it slopes from there proximo-ventrally 
to the ventral margin. In Celuca this triangular region 
shows a number of specializations known in one spe
cies to be used in threat, in correlation with tubercles 
on the first ambulatory; it is suspected of being con
cerned in other species in both threat and combat; 
these are the only structures on the claw in Uca 
known to be used in rubbing against another ap
pendage on the same crab (p. 482). It is strongly sus
pected, however, that some cleaning motions made 
against the claw by the minor cheliped are actually 
stridulating activities (p. 461). 

The lower margin of the manus shows a set of 
structures, ranging as usual independently of one an
other, and consisting maximally of keel, linear tuber
cles and, externally, an adjacent groove; sometimes 
they continue unbroken to the pollex tip. 

Finally, the upper margins of the dactyl and the 
inner and outer surfaces of pollex and dactyl range 
from smooth to tuberculate and are sometimes 
grooved. The proximal outer end of the dactyl is 
usually tuberculate, with a submarginal groove; the 
tubercles often extend beyond the groove well along 
the dorsal margin of the dactyl. Except for this rough
ness, proximal tubercles usually present on the pol
lex, and sometimes minute tubercles near the pre
hensile edges, the outer surfaces of both pollex and 
dactyl are usually smooth; the inner surfaces are al
most always so, again with the exception that minute 
tubercles sometimes occur near the prehensile edges. 

The prehensile edges of both pollex and dactyl 
consistently show three rows of tubercles on each, of 
which the median is usually best developed and, ex
cept distally, the location of the enlarged tubercles 
or the rare tuberculate teeth. Any of the rows may 
be absent in any part of its length. Proximally the 
rows vary independently of the median and distal 
parts, and often only at their extreme proximal and 
distal ends are one or more rows irregular. 

In general shape the chelae vary widely, as already 
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mentioned, in length, slimness, and degree of gape. 
Fig. 39 gives the range of the extremes. It should be 
mentioned here that while maracoani and the re
lated ornata have the broadest and most compressed 
chelae, other members of the subgenus Uca, as well 
as {Thalassuca) vocans, (Afruca) tangeri, and, in 
the pollex form only, (Australuca) seismella and 
(Celuca) saltitanta, are also notably deep and com
pressed. U. saltitanta is an end form, in which the 
beginning of pollex expansion and compression is 
suggested by others in the series, notably inaequalis 
and oerstedi. 

The morphology of the claw is further complicated 
by the fact that each species throughout the genus 
tends to dimorphism of the cheliped, although the 
forms intergrade. In American species, the differences 
are much less pronounced than in the Indo-Pacific 
Deltuca and Thalassuca. In vocans, particularly, the 
forms are so distinct that they received variety names 
(forma typica and var. nitida), even though it was 
known at the time that both varieties occur in single 
populations. 

Fig. 38 shows pairs of these dimorphisms in six 
Indo-Pacific species, and Fig. 40 in two American 
forms. In each case, the upper figures illustrate the 
heavy, high, short-fingered form with highly devel
oped prehensile tubercles, while the lower figures are 
examples of individuals in the same species with the 
manus short and low while the fingers are slender 
with reduced tubercles. They will be referred to as 
brachychelous and leptochelous forms. Because a 
leptochelous chela weighs far less than an equally 
long brachychelous example, and because of the 
allometric growth of the claw, it is not surprising 
that the largest examples in any population often are 
strikingly leptochelous. It seems probable, in fact, 
that in the largest species, such as urvillei, dussu-
mieri, tangeri, and even in American ornata and 
maracoani, markedly brachychelous examples even
tually molt into a size making reproduction and, in 
time survival, unlikely, since display would be inef
fective and feeding inadequate. There is evidence for 
this hypothesis in the subgenera Afruca and Uca 
(p. 512). 

It should be emphasized that both leptochelous 
and brachychelous claws are found even among quite 
young crabs, on the same biotope; it seems that the 
differences cannot be due to differences in nourish
ment. Nevertheless, when chelipeds are regenerated 
in crabs already well grown, the result seems usually 
to be along leptochelous lines. Irregularities and ab
normalities in tuberculation always give clues even 
in dubious cases to the presence of partial or com
plete regeneration. 

The leptochelous tendency of most of the Ameri
can groups is very noteworthy, and differences be

tween the two forms in any population are relatively 
slight. 

In development (Fig. 45), the direction of growth 
is from a small claw indistinguishable from the other 
member of the pair and resembling in all essentials 
the adult form of the minor cheliped. Even in the 
first post-megalopal instar, however, the two claws 
are microscopically distinct. At this stage the crab 
feeds with both claws, as do females throughout life, 
and the fingers are long in comparison with the 
manus (Fig. 45 EE, JJ, MM, PP, SS). Thereafter, 
with differentiation between the two chelipeds the 
manus and chela both grow allometrically in respect 
to the length of the carapace (Fig. 45 A-D, F-I, K-L, 
N-O, Q-R, T-U) but, in all except latimanus, the 
chela (composed of pollex and dactyl) grows at a 
greater rate than the manus. U. latimanus, therefore, 
in this character is strikingly paedomorphic in com
parison with other species. 

The armature of the pollex and dactyl develops 
gradually, beginning probably in the second instar, 
and certainly shortly after the onset of allometric 
growth. The proximal tuberculate ridge at the base 
of the dactyl and the more proximal tubercles in the 
gape seem always to appear very early. Young crabs, 
with the chela still notably short, in some species have 
the ventral margin of the manus tuberculate only at 
this time; later this armature becomes obsolescent 
or absent. The last major series of structures to be 
developed are those connected with the oblique ridge 
and with the dorsal margin. In large Minuca the 
tubercles and ridges of the palm tend to be reduced, 
apparently not through wear; in these individuals the 
palm may in fact lack most of its specific characters. 
In contrast, the prehensile edges of the chela some
times show distinct signs of being worn down in 
combat. No detailed comparative study of the devel
opment of the armature has yet been undertaken; in 
association with a study of the development of com
bat, it would be sure to yield rewarding results. (See 
also p. 515.) 

When ritualized combats between fiddlers are ob
served with understanding, the numerous structures 
involved divide into two groups. The first provides 
the active crab with a selection of structures used in 
rubbing or tapping other structures included in the 
second group, and located on the motionless claw of 
his opponent. The members of these two functional 
groups will be termed instruments and contact areas. 

It is now clear that each area equipped with one 
or more of these specializations is a point of contact 
during the forceful pushing and grasping motion of 
some form of unritualized fighting. It is similarly ap
parent that every known component of ritualized en
counters is based firmly on these varied grips. The 
subject will be amplified in succeeding chapters (pp. 
487 and 516). 
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A study of Figs. 42, 43, and 44 and of Tables 13 
and 14 will give a better idea of the functional rela
tionships of combat structures than would many par
agraphs of text. In ritualized combat, all of the struc
tures on the palm are always contact areas, never 
instruments. The remaining zones consist of the outer 
manus, outer pollex, outer dactyl, lower pollex, upper 
dactyl, and both prehensile edges; they are all used 
on occasion either as instruments or as contact areas. 
The prehensile edges usually serve as the only instru
ments in high-intensity combat, while the outer parts 
of the manus and chela become instruments only in 
low intensity components, such as the manus rub. 

Even in Minuca and Celuca the forms of combat 
are still known too incompletely to provide correla
tions in more than elementary or suggestive form. 
The following examples, based on Table 14, show 
the kinds of relationships that are emerging between 
structure and function. The components of combat 
mentioned are described in the glossary and in the 
section on patterns of combat behavior (p. 489f.). 

All species in which the heel-and-ridge is a known 
component have in common the following three pairs 
of characteristics. A strongly curved dactyl is associ
ated with a well-rounded manus heel. A moderate to 
wide gape is associated with a moderate to high 
oblique ridge on the palm. An absence of greatly 
enlarged teeth in either prehensile edge is associated 
with the contact in combat of a fairly long portion 
of dactyl or pollex respectively with outer manus or 
palm. 

All species known to use the interlace have at least 
the proximal predactyl ridge well developed and one 
of several specializations resulting in a broad, smooth, 
median space on the proximal, prehensile edge of the 
pollex. 

Finally, certain structures used only as areas of 
contact are related to other zones of similar function. 
The best example so far known is the outer, upper, 
proximal groove on the dactyl in certain Minuca and 
Celuca. When it is well developed, a similar groove 
almost always runs the full length of the outer manus 
just below its upper margin; the two grooves, exactly 
at the same level, are separated only by the junction 
of dactyl and manus. As far as is now known, this 
two-segment groove is used only as a guide for the 
tip of the opponent's dactyl in attaining the position 
for heel-and-ridging. 

J. MINOR OR SMALL CHELIPED 

In comparison with the corresponding appendages of 
most other ocypodids, the minor chelipeds are almost 
as specialized as the majors in general shape and size, 
although in the opposite direction of reduction. In 
every species they are far smaller than in other mem
bers of the family and, in fact, all crabs with the ex

ception of certain spider crabs. Even in the latter 
examples, the entire appendage is elongated and it is 
only the propodus and dactyl that are strongly re
duced, while in Uca all segments are proportionately 
small. Few similarities of trend can be traced between 
the major and minor chelipeds in any species, and 
often their characteristics are contrasting. For exam
ple, the minor chela in ornata is extremely slender, 
yet the major pollex and dactyl are both very deep. 

The armature of the minor cheliped, while far 
simpler than that of the major, still varies consider
ably among the species. Except for the equipment of 
the prehensile edges, comparative study of the tuber
cles, ridges, grooves, and setae has not been under
taken in detail. These structures will doubtless prove 
to be of importance when their functions in social 
behavior are better known. 

Like the major merus, that of the minor is typically 
rough on the antero-dorsal and ventral margins and 
on the rounded surfaces of the dorsal and posterior 
regions. The armature includes various combinations 
of serrations, tubercles, spinules, and rugosities. The 
anterior surface is almost always flat and smooth. The 
carpus often is fiat above with a curved, outer, sub
dorsal longitudinal ridge. The lower half of the outer 
manus always has a longitudinal ridge at least distally 
that continues along the pollex, sometimes for most 
of its length. The dactyl often shows a faint longi
tudinal groove on its upper half between two low 
ridges; sometimes only a single ridge is present and 
no groove. 

Minor chelipeds (Fig. 46) are notably similar in 
general characteristics within species groups, particu
larly in the width of the gape and in the relative size 
and character of the armature on the prehensile 
edges. The narrowest gapes have a series of fine ser
rations and are characteristic of many mud-livers, 
such as in Indo-Pacific Deltuca and American 
Minuca. Some female Deltuca and Australuca have 
a single enlarged tooth on both pollex and dactyl in 
at least one cheliped; no such enlargement is found 
in the male minor cheliped, except in seismella 
{Australuca). 

At the other extreme from the narrowly gaping, 
serrate, minor chelipeds are the forms with wide 
gapes in which tubercles are absent. These are con
fined to species of Celuca, most live in muddy sand 
or, for leptodactyla and musica terpsichores, the sub
strate surface may be almost sandy, with little mud or 
clay admixture. 

In the mud-living forms from the Indo-Pacific, 
plentiful setae are arranged in series both along the 
inside of the middle of the dactyl and pollex and mar
ginally. In these and the species immediately follow
ing, the chelae are deeply excavate distally, forming 
setae-fringed spoons. In tangeri, as well as in ornata 
and other members of the subgenus Uca and in 
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thayeri, two rows of subdistal setae on both pollex 
and dactyl form a complex "basket." This basket is 
highly evolved in the aberrant species panamensis 
(Minuca), forming a prominent tuft of stiff brown 
bristles. 

An exceptional shape is shown by (Celuca) steno-
dactylus which has a well-formed basket along with 
chela tips that are pointed and crossed. 

Finally, in the species characterized by slender 
chelae and wide gapes, there are few setae except 
for a distal basket, and the distal excavations are rel
atively slight. 

In females, both chelipeds resemble those of the 
males; sometimes the appendages on the two sides 
differ in small details. 

When post-megalopal forms are investigated, the 
minor chelipeds are found to be similar to those of 
adults except that they are relatively larger in com
parison with the carapace in rosea and smaller in 
brevijrons and stenodactylus (Fig. 47) . The chelae 
of all young crabs are less setose than those of adults, 
and with the onset of allometry the characteristics 
of the adult are rapidly acquired. The fingers show 
allometric growth with respect to the manus in all 
three of the above species, but most so in rosea, 
among the several unrelated species investigated 
(Fig. 48) . 

Although the small cheliped is used in a number 
of ways, its primary function is undoubtedly that of 
carrying food to the mouthparts. Obvious adaptations 
to this role are the perfectly meeting, spooned tips of 
the chela and the serrations of the prehensile edges, 
especially in mud-living crabs that must lift wet and 
sticky substrate. Pellets composed chiefly of sand, on 
the other hand, are lifted in the basket of curved setae 
at the tip of a widely gaping chela. U. panamensis 
scrapes algae from stones with thick tufts of stiff 
bristles. U. tangeri has a similar habit, but also lives 
and feeds, depending on its physiological phase, in a 
wide range of habitats from the wettest of low-tide 
mud to high on beaches of almost pure sand. Its small 
chela, equipped with both serrations and abundant 
bristles, well reflects these varied needs. After nour
ishment has been extracted from several pellets by 
the mouthparts, the small cheliped wipes away a gob
bet of material that has accumulated below the pos
terior part of the third maxillipeds. 

The minor cheliped also plucks, pats, and strokes 
the carapaces of courted females in all species in 
which precopulatory behavior has been filmed or ob
served in daylight above ground (p. 503). 

In addition, the appendage usually makes small 
motions during display that roughly correspond to 
the movements of the major cheliped and, except in 
a few dubious cases, that do not at all come in con
tact with the carapace or other appendages. 

It now appears certain that the small cheliped also 

acts as a sound-producing mechanism of importance. 
Salmon (1965) reported the rapping or knocking by 
a single {Celuca) pugilator female against the sub
strate. In addition, two other species, (Celuca) deich-
manni and (Uca) ornata, were filmed during the 
present study; here the minor chela of a male briefly 
taps the ground. The behavior is shown only in a 
single example of each species. 

More usual is the vibration or rubbing of the merus 
of the minor cheliped, apparently against an adjacent 
part of the carapace. Successful recordings have not 
yet been made, but films show the motions clearly in 
seven species, where the area of contact appears var
iously to be the crenellate suborbital margin, the 
outer orbital margin, or the antero-lateral angle. The 
species are (Deltuca) demani, (Australuca) seis-
mella, (Minuca) galapagensis, and, in Celuca, batu-
enta, inaequalis, beebei, and stenodactylus. Rubbing 
between the minor cheliped merus and that of the 
first ambulatory is strongly suspected in films of 
(Uca) heteropleura and, in Celuca, of inaequalis and 
limicola. 

In addition, it is highly probable that during some 
cleaning motions made by the minor, which moves 
toward their distal ends along the major pollex and 
dactyl, the crab is actually producing sound. Well 
suited for this are the ridges on the carpus, outer 
manus, and chela. Sometimes, too, the crab rubs its 
prehensile edges along the corresponding portions of 
the major. Heretofore, I have considered these mo
tions pure displacement cleaning, when the crab was 
displaying with an already polished cheliped, and 
with evidence of a conflict situation. As in the other 
forms of apparent stridulation by the minor cheliped, 
recorded evidence of sound production has not yet 
been secured. Filmed examples total 23 species, dis
tributed through every subgenus; 11 of the species 
are members of Celuca. 

True cleaning by the small cheliped of another 
appendage can occasionally be seen, when the chela 
seizes the partly depressed eye itself between its pre
hensile edges and rubs along it, from the tip to near 
the base of the stalk. 

K. A M B U L A T O R I E S 

The walking legs are similar in form and proportions 
in all parts of the genus, in comparison with wide-
ranging characters such as the front, eyes, chelipeds, 
and gonopods (Figs. 29, 30). The order of length is 
always the same, extending from the long second 
through the third and first to the short but fully func
tional fourth. Corresponding legs among the species 
differ somewhat in length but never extremely. More 
notable differences occur in the relative breadth of 
the meri and the degree of arching of its dorsal mar
gin. In females the legs are regularly shorter and the 
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meri wider and more arched than in males of the 
same species. 

The armature of all legs varies more in amount 
and strength than in type or distribution. Most of it 
occurs on the merus and carpus. The merus shows a 
single dorsal marginal ridge, two ventral marginal 
ridges, and, on its posterior surface, scattered tuber
cles or vertical rows of tuberculate striae. These 
tubercles and striae are irregularly placed but are al
ways more numerous in the segment's dorsal half 
than more ventrally; sometimes they occur only near 
the dorsal margin. The scattered tubercles occur in 
the Indo-Pacific subgenera Deltuca, Australuca, and 
Thalassuca; some female Amphiuca have both scat
tered tubercles and tuberculate striae; in the other 
subgenera all or almost all the tubercles surmount 
definite striae (Fig. 52). Any or all of the marginal 
ridges may be partly or wholly spinulous, or tuber
culate, whether strongly or weakly. Often certain 
margins are wholly smooth and rounded, a weakness 
that occurs most frequently on the fourth leg; in con
trast, the second and third are always more strongly 
equipped than the others. The posterior ventral mar
gin always has stronger armature than the anterior, 
and this margin is usually stronger distally than prox-
imally, while the opposite is true of the weaker, ante
rior margin. Dorsally, at the distal end of the merus, 
two parallel ridges, subdorsal and distal, are often 
equipped with minute tubercles or spinules. Varia
tion often is found even on the two sides of the same 
individual. 

The carpus is also importantly and variably armed. 
Two dorsal ridges, with or without some form of 
roughening, are usual on the second and third legs; 
the first leg usually has only a posterior ridge and the 
fourth only an anterior; a third longitudinal ridge 
sometimes occurs on the posterior surface of one or 
more of the first three legs, where tubercles or striae 
are also usual, similar to those on the merus. Like the 
armature of the merus, that of the carpus varies with
in species, and on two sides of the same individual. 

Anteriorly on the first ambulatory on the major 
side, some male Celuca have minute tubercles, usual
ly in a longitudinal row and sometimes also on the 
distal part of the adjacent merus and the proximal 
end of the manus. These special structures are cor
related with the development of other equipment on 
the major cheliped, found on the triangular area of 
the lower, proximal part of the manus. 

On both merus and carpus, the armature is always 
notably stronger in females than in males of the same 
species (Fig. 52). 

Armature of the ambulatory mani is weak or ab
sent in both sexes, although dorsal, lateral, and ven
tral ridges occur; the segment is always thinner, in 
the antero-posterior dimension, than the merus and 
carpus. The tapering dactyl is six-sided, the divisions 

separated by weak ridges. Both manus and dactyl are 
well provided with setae, often in the form of long, 
stiff bristles. On the more proximal segments, setae 
are instead usually sparse. 

Pile is often importantly present on the ambula
tories (p. 465). 

Reference to Fig. 30 shows that the ambulatories 
change only in minor ways with growth. The degree 
of change is less than in Ocypode (Crane, 1937) but 
in the same direction of increased length. The change 
in length compared with carapace length is particu
larly evident in the growth of the merus. Again as in 
Ocypode, both merus and manus become relatively 
thicker. The armament develops by degrees, the legs 
of early instars being almost smooth. 

In Uca the legs contrast both with those of fast-
running Ocypode and with those of many sedentary 
xanthids, such as Xanthodius sternberghii that spends 
the low-tide period under stones. Although fiddler 
crabs are active, and sometimes exceedingly so, as in 
displaying stenodactylus, they are never racers and 
the moderately efficient ambulatories reflect their 
way of life. The most active species usually live on 
firmer substrates, have the longest legs, and, at least 
in males, more slender meri. Mud-livers tend to have 
shorter legs and broader meri. It is possible that 
slightly shorter and broader legs reduce the tendency 
to sink in wet mud during feeding; a wide spread of 
long legs would seem, however, to be more useful. If 
short, broad legs are useful in the mud, their frequent 
presence in females only may be explained. When 
females are carrying eggs and hence extra weight, 
they usually feed on soft substrate closer to low-tide 
levels than do males. The location would seem, never
theless, to be more important as a means of keeping 
the eggs from drying out. 

The following suggestions seem more likely. The 
shorter legs may represent the unspecialized form of 
the appendage; in a few male Celuca they have be
come adapted for faster motion on firmer substrates 
as well as for the attainment of conspicuous height 
in visual display. The wide meri, on the other hand, 
may be viewed as another adaptation in females for 
a more efficient expanse of stridulating surface. 

The ambulatories perform an assortment of func
tions. All digging and the erection of chimneys, pil
lars, and hoods beside the burrow are performed by 
them, sometimes with some aid from the small cheli
ped. In carrying the excavated pellet, the stiff bristles 
of manus and dactylus form basket-like supports, re
gardless of any sensory functions they may prove also 
to have. The ambulatories often play parts in visual 
display, perhaps partly due to the need for balance, 
and also adding to the male's apparent size. Unrecep-
tive females, in warding off males, sometimes rear 
high up on the tips of the middle dactyls; sometimes 
they proceed partly down their own burrows, leaving 
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the ambulatories of one side extending stiffly up in 
the air (Fig. 89). In several species in which a curtsy 
forms part of display, some of the turned-under dac
tyls stamp on the substrate at the curtsy's low point. 
Salmon (1965) secured a sound record of this be
havior in pugilator. Stamping also occurs in agonis
tic situations between males, especially in the sub
genus Uca. The ambulatories also tap and stroke 
females in precopulatory behavior, usually in con
junction with similar motions of the minor cheliped. 

The role of ambulatory armature in social behav
ior is certainly of great importance. In both sexes it 
appears to be confined to agonistic situations. Rub
bing of the meri against one another occurs through
out the genus and is one of the most prevalent of 
social activities. It is seen even more often in females 
than in males; it is doubtless pertinent that their 
armature is always stronger than in males of the same 
species. The meri also certainly sometimes rub 
against dorso-lateral and lateral structures on the 
carapace, although the film evidence is still scanty. 
The carpi also often rub against each other and 
against the meri of adjacent legs. 

Film analyses have shown no rubbing patterns 
characteristic of species or species groups. In all spe
cies photographed at some length, the meri of all four 
legs are shown making rubbing motions and coming 
clearly into contact with adjacent legs, although only 
rarely in the same motion picture sequence. Very 
often two alternate legs on the same side are used as 
motionless supports, while the meri of the other two 
are tilted so that the dorsal serrations rub against the 
roughness of the posterior surface of the adjacent 
legs. Sometimes adjacent legs, especially the second 
and third, are simultaneously raised, bent at the 
mero-carpal joint, and rubbed against each other. 
Sometimes the carpal ridges rub against the meri or, 
perhaps, each other. Often, but not always, meral 
rubbing occurs first on the side of the crab nearest 
the apparent stimulus. In all, variation and lack of 
stereotypy are notable in the behavior of individuals. 

A quite different use of the ambulatories corre
sponds to ritualized combat in males. Here two fe
males line up parallel to each other and mutually rub 
the extended mani and dactyls of their adjacent sides 
with such speed that the motion appears to be a pro
longed quivering. It may be that some or all of the 
setae are sensory and reacting with one another. 
Sometimes the dactyls reach the meri of partners, 
and so could well be rubbing with their ridges 
against the marginal or posterior armature. No good 
photographic evidence is yet available. The females 
may face the same way or oppositely. Similar be
havior has been observed once or twice between 
males and, briefly, as part of courtship. Details are 
still unknown. 

L. ABDOMEN 

The abdomen in both sexes of Uca has seven seg
ments (Fig. 53 A, B). In some Celuca characterized 
by strongly arched carapaces and sterna, several of 
the segments are partly or wholly fused (Fig. 53, C, 
D). 

M. GONOPOD (FIRST PLEOPOD) IN MALE 

1. Introduction. Although the gonopods in Uca are 
usually a primary aid in the taxonomic determination 
of species, they must be used with care as keys to 
relationships and evolutionary trends. Parallelism oc
curs widely. Rarely the opposite tendency forms a 
pitfall, where a variety of shapes occurs in a single 
subgenus {Uca). Again, the gonopod of one or two 
subspecies in a clearly allopatric group may be aber
rant. Within subspecies, gonopod characteristics are 
constant with minor exceptions. 

A gonopod consists basically of a shaft enclosing 
a tubular canal and ending, in its distal one-fifth to 
one-sixth, in a modified tip (Fig. 56). The shaft is 
three-sided, its anterior, flat surface curving forward 
in conformity with the sternum's convexity. 

The modified tip (Fig. 58) consists of the genital 
opening, here termed the pore, in association with a 
maximum of four specialized structures. Each of the 
four ranges independently of the others, in various 
parts of the genus, from absent or vestigial to ex
tremes of hypertrophy. In this contribution, these 
structures are termed flanges, inner process, thumb, 
and setae. An additional characteristic in certain 
groups is a distal torsion of the shaft, along with some 
or all of its parts. 

The basic structure of two principal forms of gono
pods is shown in Figs. 74 and 75. 

2. Flanges. These calcified wings, when present, occur 
on both sides of the terminal part of the canal (Fig. 
58 A), or may extend above the pore (B), the canal 
appearing to be fastened against the postero-internal 
surface of the large, apparently single flange (E, I). 
The arrangement of simple wings on each side of the 
terminal pore occurs in other ocypodids, namely in 
Macrophthalmus, Myctiris, and Ocypode (Fig. 57 
C, A, D). In Uca it is found in parts of the subgenera 
Deltuca, Thalassuca, Uca, and Minuca. 

Expanded flanges, in which the end of the canal 
appears to be fastened directly to their continuous, 
convex, postero-internal side, are characteristic of 
(Boboruca) thayeri and {Celuca) lactea. 

In the superspecies coarctata, flanges are progres
sively reduced, while the end of the tube throughout 
shows the antero-external edge of the tube's tip over
lapping the postero-internal edge. This overlapping, 
with concomitant absence of flanges, occurs also in 
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Australuca, in {Amphiuca) chlorophthalmus, and in 
some species of Celuca. In these flangeless species, 
the calcified portion of the tip is often elongate (Fig. 
58 H). 

Reinforcing struts, often strongly calcified, some
times support the flanges, and sometimes are even 
partially separated into spines (dussumieri spinata, 
vocator). 

3. Inner Process. This structure arises at the base of 
the exposed terminal portion of the tube or flanges, 
on its inner side, toward the midline of the crab. It 
may take various forms, all clearly homologous; it is 
occasionally difficult to see, in some species because 
of its small size, in others because of the surrounding 
flesh and setae, and in still others because of its thin
ness and transparency. All species have it in some 
form, and it is clearly represented also in Myctiris, 
Heloecius, Macrophthalmus, and Ocypode; its occur
rence in other genera apparently has not been inves
tigated. Its three principal forms are as follows: 

{a) A sharp, slender spine of varying extent, 
sometimes curved or twisted, at base of the exposed 
end of the tube. This spine is characteristic of the 
superspecies coarctata, the subgenus Australuca, and 
part of the subgenus Uca. (Fig. 58 D.) 

(b) A fleshy structure, setigerous, sometimes 
greatly tumid and sometimes twisted anteriorly to 
rest against the tube and flanges at an angle. This 
form is found throughout Deltuca, except in the 
superspecies coarctata, in Thalassuca, in Afruca 
(tangeri), and in some species of Uca and Minuca. 
(Fig. 58 E, F.) 

(c) A flat plate or shelf, in shape triangular, an 
elongate oval, or narrow throughout and distally 
pointed. Sometimes this process is practically fused 
with the tube, transparent, naked, and discernible 
with difficulty. This type occurs in some Minuca, in 
Amphiuca, and in beebei and related species in 
Celuca. (Fig. 58 H.) 

4. Thumb. This structure is usually present, and typi
cally almost terminal (Fig. 58 E, F). Sometimes it 
is strongly reduced and arises far down the shaft 
(Fig. 58 B). Rarely, it is represented only by a small 
shelf (Fig. 58 H) as in beebei and stenodactylus 
{Celuca), or is indistinguishable, as in some members 
of the subgenus Uca. Except in cases of torsion, to be 
described, it arises on the antero-external side of the 
gonopod. It is present in other genera in the family. 
In species where it arises well below the tip, the 
thumb may be highly variable even within single spe
cies in the same population (Fig. 59). 

5. Setae. As in other structures, these vary widely in 
form and arrangement throughout the genus, but are 
distally present in profusion on every species. Because 

of their frequent concealment of the underlying struc
tures, they have been omitted altogether from the 
drawings, except for a general view of the types in 
Fig. 61; here extremes of variation are shown, with 
examples taken from the various subgenera. It will 
be seen that the pattern usually includes a "mane" 
of rather long setae, often with certain ones isolated 
and elongate. In species with little or no torsion, this 
series is postero-external. One or more subterminal 
longitudinal series of setae may occur on other facets 
of the gonopod. Very short setae, thickly set, often 
spine-like and some of them curved, are found dis
tally in most species of the subgenera Deltuca, Tha-
lasucca, and Uca; they often occur on the inner 
process. A naked area characteristically is found 
antero-externally. The thumb is usually well covered 
with setae whenever it approaches the gonopod's tip. 

6. Torsion. This characteristic is as notable in some 
groups of Uca as any of the structures just described. 

In the untwisted gonopod, the canal proceeds up 
the shaft, near its antero-internal angle, until, in the 
terminal region, it curves externally to the pore. The 
specialized tip of the shaft, in conformity, is tilted 
externally, the inner process curving with it; one 
flange, termed the posterior, is directed postero-inter-
nally, the other, the anterior, extends antero-exter
nally; the thumb arises from the anterior side of the 
shaft, slightly external to the path of the canal. (Fig. 
5 8 £ . ) 

In species showing torsion, on the other hand, the 
tip of the gonopod is twisted toward the outside (Fig. 
58 C). Sometimes the entire tip appears slightly 
twisted below the base of the thumb, so that the ter
minal parts maintain their usual relationships toward 
one another, although their orientations are changed. 
Sometimes the torsion starts distal to the thumb, as 
in some species of Minuca, where the usual relation 
of thumb to inner process and flanges is changed. 
Torsion is most extreme in certain Thalassuca and 
Uca. Here the thumb may even arise postero-lateral-
ly and, continuing the direction of torsion itself, end 
as a strictly posterior instead of anterior structure 
{vocans vocans). In three out of six vocans sub
species, the canal, after proceeding in the direction of 
antero-external torsion, doubles back on itself termi
nally, to exit in something like the original position 
between two flanges which have themselves under
gone somewhat independent torsion. In the subgenus 
Uca, torsion, along with reduction and hypertrophy 
of various structures, reaches such lengths that the 
general form of the gonopods, in five out of eight 
species and subspecies, is almost useless in tracing 
relationships. 

7. Development. Differentiation of the gonopods 
starts early in post-megalopal stages; species charac-
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ters, when diagnostic, are usually reliable by the time 
the ridging (although not the tuberculation) is well 
developed on the inside of the major cheliped—prob
ably in the second or third post-megalopal instar. 

8. Function. The invariable function of the gonopod 
is to pass spermatophores into the genital openings of 
the female. These openings, the gonopores, are de
scribed below. In no Uca does it seem that more than 
the extreme tip of the organ is inserted, although per
haps further insertion may occur in some species with 
elongate tips; it is apparent from comparisons that 
in most species it is necessary and indeed possible 
only for the two pores to come into contact. The 
fantastic variations and exaggerations found in the 
genus serve at most to orient the gonopod tip to the 
gonopore and hold it in position during spermato-
phore transfer; there is no trace of a complex "lock-
and-key" arrangement. Gonopores are usually sim
ple; if a tubercle is present in one position or another 
on its margin, manipulation shows it to be probable 
that the inner process on the gonopod, or a flange, 
or the thumb is oriented to the tubercle in a certain 
way. Among the subspecies of vocans and lactea, 
where modifications of the gonopore might be ex
pected to occur in close correspondence to the exag
gerated torsions of the gonopod, only slight adjust
ments have evolved, in relative sizes of tubercles and 
ridges; no torsion exists in the female organ. (Fig. 
54.) 

9. Spermatophores. No comparative work has been 
undertaken. Spermatophores usually appear in the 
female to be carried largely or altogether internally. 
In a few Minuca, particularly in vocator, they have 
a conspicuous external section that makes the gono
pore appear more tuberculate or sculptured than is 
in fact the case, and can easily lead to taxonomic mis-
identifications. It seems likely, at least in these cases, 
that the protuding spermatophore prevents multiple 
matings. The entire subject is obviously in need of 
study from several points of view. 

N . G O N O P O R E I N F E M A L E 

These structures are a pair of orifices on the third 
abdominal segments of females. Specialization ranges 
from a simple marginal tubercle to varying types of 
semi-circular ridges (Figs. 54, 64 AA-FF). As men
tioned above, they do not show obvious torsion asso
ciated with that of their conspecific or consubspecific 
males. Any sculpturing does not become complete 
until the abdomen reaches its apparent maximum 
breadth with respect to its coverage of the sternum; 
series of measurements have not, however, been 
undertaken. 

O. S E C O N D P L E O P O D I N M A L E 

The second pleopod in Uca appears unspecialized 
and varies little. It may serve to support the gonopod 
during copulation. 

P. P L E O P O D S I N F E M A L E 

As in other genera, fiddler crab eggs are attached to 
the pleopods, as shown in Fig. 55. 

Q. P I L E 

Many species of Uca have characteristic areas of 
close-set, short, setae superficially resembling fur. 
The terms "pile," "pubescence," and "tomentum" 
are here considered synonymous; "pile" is perhaps 
preferable because of brevity. In a given species of 
Uca pile may occur on any part of the carapace, on 
the major cheliped, on some or all of the ambula
tories, or on all of these regions. Usually it is more 
abundant in females than in males of the same spe
cies; an interesting exception occurs in (Minuca) 
vocator vocator, where pile is always present on cer
tain lower parts of the ambulatories in males but 
absent in females. 

Sometimes the form and distribution of pile show 
little variation within a species and serve as a reli
able taxonomic character. Examples are eight per
sistent tufts on the dorsal part of the carapace in 
(Celuca) inaequalis, and pubescence, even more 
firmly attached, on the lower parts of the ambulatory 
carpi and mani in (Minuca) mordax of both sexes. 

In most species, however, pile is both highly vari
able and extremely subject to abrasion. Even more 
irritating than this unreliability as a taxonomic char
acter is our ignorance of its functions. 

Its most obvious use is in courtship. In most or all 
species of Uca, during the final phases the male 
strokes, taps, or plucks at the female's carapace with 
the minor cheliped. Expectably the pilous areas hold 
mud longer than does the smooth carapace and so 
facilitate, and perhaps stimulate, the usually ritual
ized feeding motions of the male; it seems likely that 
the sensation of these plucking motions may be sex
ually stimulating at least to the female. In groups 
where courtship is least developed (Deltuca and Tha-
lassuca) this behavior always precedes the above-
ground mating. In groups with advanced courtship, 
where the crabs typically mate underground, the pat
tern usually takes place when the female stiffens her 
legs, the genus-wide signal of non-receptiveness. This 
occurs when the male is not fully in the mating phase 
or when, in unexplained instances, complete copula
tions take place on the surface (pp. 502-504). 

In most subgenera pile occurs in at least a few 
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species on the carapace of the female and sometimes 
on that of the male as well. In {Celuca) cumulanta 
distinctive patches are found in the females of cer
tain populations only; in {Celuca) crenulata patches 
are found in one subspecies but not in the other. In 
two of three subspecies of (Deltuca) dussumieri, in 
one of two {Deltuca) acuta, and in {Uca) major the 
females are distinguished by a border of pile near 
the ventral margin of the last ambulatory merus; its 
function remains totally unknown. 

A frequent location of pile, particularly in some 
Celuca, lies at the base of the gape in the major 
cheliped. As a speculation without factual support, 
it may be suggested that pile serves as a kind of buffer 
during the interlace component of combat; perhaps 
the pile masks noise or tactile sensations that might 
interfere with stimuli resulting from the rubbing of 
the actor's gape tubercles along the predactyl ridges 
of his opponent (p. 490). In general the pubescence 
on the major cheliped in any species is so variable 
and fragile that for the most part its occurrence is 
not specially mentioned in the systematic descrip
tions. 

In some species, including {Afruca) tangeri and 
{Uca) maracoani, it seems that algae are associated 
with pile, especially on the propodus between the 
tubercles and within the pits. 

In conclusion, there is no question but that pile 
merits close comparative study when broods of Uca 
eventually come to be routinely reared. 

R. COLOR 

The colors of fiddler crabs are so varied and often 
vivid that the only surprise is that they have not at
tracted more attention. Their study by zoologists has 
taken two main directions, which have until now re
mained separate. When the approaches merge we 
shall begin to understand the subject's intricacies, 
and to perceive the relations of color and color 
changes to ecology, physiological conditions, and 
behavior. 

The first approach is physiological; it is concerned 
largely with the endogenous rhythms that control 
paling and darkening, and with the hormones that 
activate these basic color changes; the work has nec
essarily been confined almost entirely to the labora
tory and depends on experimental procedures. The 
second deals with the coloration of Uca in the field 
and with their changes in association with waving 
display; so far this study has remained observational; 
the subject now invites, and urgently needs, experi
mental results to determine the functions of color in 
the genus. 

Almost all color changes in Uca are caused by the 
expansion and contraction of monochromatic chro-
matophores, most of which are located in the epi

dermis. Each has permanent branching processes, so 
that the pigment may be either concentrated at the 
center, and so practically excluded from the general 
pattern of the crab, or dispersed into the processes. 
Four pigments are known in brachyurans—black or 
dark brown, red, yellow, and white; a fifth, blue, is 
found outside the chromatophores. The five appar
ently all occur in Uca; their chemistry still awaits 
investigation. 

Fiddler crabs were among the first animals used in 
the study of biological clocks. During the early dec
ades of this century the work progressed on several 
fronts. Observers saw that Uca on the northeast coast 
of the United States appeared darker during the day 
than at night. Physiologists soon found that even 
when they kept the crabs in total darkness the diurnal 
rhythm of change persisted for a long time. The in
vestigators then discovered a similar, persistent dark-
ening-paling rhythm that depends for its timing on 
the tidal schedules of the locality in which the crabs 
are taken. This tidal rhythm, superimposed on the 
diurnal rhythm, results in a semi-lunar effect, caused 
by the coincidence of the dark-color peaks of each 
rhythm and, during the same short period, the coin
cidence of their pale-color peaks, the effect occurring 
about every two weeks. At the same time that these 
investigations were going forward, other research 
showed that expansion and contraction of the chro
matophores are controlled by hormones located in 
the sinus glands of the eyestalks and in the central 
nervous organs. 

The contributions of Kleinholz (1942) and Brown 
(1944) give comprehensive surveys of the early work 
on the endogenous rhythms of Uca and their con
trol, along with full references. For recent reviews 
and developments see Brown (1961) and Barnwell 
(1968.1, 1968.2). 

The remainder of this survey of color in the genus 
will be devoted to the second approach to the sub
ject—the observation of color and color changes in 
the field. The number of species in which color in life 
is known is 59 of the total of 62 species recognized 
in this contribution. In some our knowledge is exten
sive and in others scanty; only in {Thalassuca) jor-
mosensis, {Celuca) helleri, and {Celuca) leptochela 
have the colors never been recorded. Wherever, in 
the summaries given below, percentages are included, 
all refer only to the 59 species on which we have 
information. 

All Uca change color at least to the extent, as de
scribed above, of becoming darker during the day 
and somewhat paler at night; the tidal rhythm induces 
darkening at the time of low tide and paling during 
high water, when the crabs are normally in their bur
rows. These palings are not at all similar to the tem
porary assumption of polished white, presumably 
through pigment dispersal, by some species during 
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the display phase; instead they result principally or 
altogether from the simple concentration of dark pig
ment into the centers of the chromatophores. 

All species also darken under two other conditions. 
When a fiddler shows display coloration as described 
below, it will slowly lose its polished white and any 
intense colors it has assumed whenever it descends 
into its damp burrow and remains there for more 
than a few minutes. No darkening effect occurs after 
brief stays below ground, such as are caused by 
alarms, short periods of digging, or descents for gill-
moistening. 

Fiddlers in display coloration also darken when 
an observer seizes and holds them. This change, in 
contrast to those previously described, is rapid. A 
released crab, even if returned promptly to its own 
burrow, often does not resume display coloration on 
the same day. 

Many Uca change color little or not at all when in 
display condition. Some parts of the males, particu
larly of the major cheliped, are often more or less 
distinctively colored at all times: but the color is 
somewhat more intense in many displaying individ
uals. Other species during display show polished 
white to varying degrees on the carapace alone at 
least in some populations, while the appendages are 
then more or less vividly colored with yellow, orange, 
red, or purple. Intense blue and green are sometimes 
display colors, but not on the major cheliped. Finally 
some individuals or populations attain a polished dis
play white that suffuses the entire surface of carapace 
and appendages. The following paragraphs survey the 
genus in regard to both general color and to color 
change in connection with display. 

In 57 species the tips, at least, of the major chela 
are white or, in several forms, very pale pink or yel
lowish. The two with dark tips are (Uca) maracoani 
and (Uca) ornata. 

All have some tint or shade of yellow, orange, red, 
or intermediate hues on the lower outer manus. This 
color is usually persistent except that in display 
phases it often becomes more intense or, unusually, 
suffused with polished white. Often the lower, outer 
manus is the only area of definite color on the crab. 
Where other parts of the major cheliped are similarly 
hued, the color in this area is the most intense. Some
times it is so characteristic, as in (Thalassuca) vocans, 
that it makes a good field character. 

In 12 species, roughly 20 percent, a complete color 
change to polished display white occurs in some in
dividuals of some populations. Only in (Celuca) 
I. lactea does it seem to be the usual color of the 
crabs, regardless of season or display phase. In all 
other forms of that species, as well as in other species, 
its occurrence is subject to geographical differences 
as well as to age, sex, phase, and season. Often many 
individuals in a population on a particular day dis

play and court vigorously and even successfully, at
tracting the attention of females and engaging in 
combat with other males, and yet do not assume dis
play coloration; I have not found the converse to be 
true. 

In 24 species, about 40 percent of the total, at 
least the carapace sometimes changes during the dis
play phase to polished white (PL 48). Even on the 
carapace alone polished white has never been ob
served in any species of Deltuca, or in the two mono
specific subgenera, Afruca and Boboruca. In Austra-
luca, Thalassuca, and Amphiuca whitening takes 
place in only one species each and then rarely and 
usually incompletely. In the remaining subgenera— 
Uca, Minuca, and Celuca—are distributed the major
ity of species sometimes attaining a carapace of pol
ished white; all these subgenera are confined to 
America except for two species of Celuca. In all sub
genera, except for (Celuca) I. lactea, the full assump
tion of polished white even on the carapace alone is 
confined to fully tropical forms. 

Among species in which the carapace does not be
come polished white, but only pales or brightens 
slightly if at all, several characteristics stand out. 

First, only in the Indo-Pacific are found bright red 
and bright blue, often with white or bluish spots; here 
these vivid hues cover most or all of the carapace and 
sometimes the ambulatories as well. In American 
subgenera blues and greens are uncommon and con
fined to display coloration on the anterior part of the 
crab only, while red crabs in America are represented 
only by some populations of a single subspecies, 
(Minuca) vocator ecuadoriensis; their pervading 
hue, not connected with display, is dull rose red. In 
the Indo-Pacific, in contrast, certain members of Del
tuca, Thalassuca, and Amphiuca are distinguished by 
the prevalence of intense reds and blues; these hues 
are characteristic of both sexes and persistent; they 
are brightest in young crabs and dullest in adult 
males. 

Second, in a number of species of Celuca a mar
bled or mottled carapace with copper- or gold-color 
combined with paler or darker tones is frequent. 

Third, in (Amphiuca) i. inversa and in many pop
ulations of (Celuca) lactea, particularly of /. annu-
lipes, a striking pattern of transverse pale bands or 
marblings on a dark background is common; when 
display coloration is assumed, the proportions 
change, so that the crab eventually appears as pol
ished white with narrow bands of dark blue or black. 

Fourth, many species of Minuca and Celuca light
en somewhat when in a display phase from their 
usual grays, browns, and buffs. Familiar examples in 
the western Atlantic temperate zone are (Minuca) 
pugnax and (Celuca) pugilator. 

Fifth, certain individuals in populations with strong 
display whitening go through a brief, bright stage of 
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orange or chrome yellow that sometimes suffuses the 
entire crab and sometimes the carapace alone; this 
phase is usually succeeded by a lightening to yellow
ish white before polished white is assumed. I have 
observed these intermediate phases in certain popu
lations of (Thalassuca) vocans, (Uca) princeps, and 
(Minuca) galapagensis; they probably occur in some 
populations of (Celuca) triangularis bengali. In each 
of the species the yellow phase may be the terminal 
one for individuals not in display phase; perhaps in 
triangularis bengali it is the terminal hue of entire 
populations, whether displaying or not. This suffusion 
of yellow occurs additionally, as far as known, only 
in the early crab stages of (Deltuca) rosea. 

Purplish or dark red sometimes colors the ambu
latories in a number of species, whether or not the 
carapaces whiten. Outstanding are (Deltuca) demani, 
(Afruca) tangeri, (Uca) major, (Uca) stylifera, and 
(Minuca) vocator ecuadoriensis. Bright red orange, 
orange red, or crimson are usual in (Thalassuca) 
tetragonon, (Amphiuca) chlorophthalmus, and 
(Celuca) lactea annnulipes. 

Only one or two general statements can be made 
about the colors of females. In most species mem
bers of this sex are duller and often darker than the 
males, while individual breeding females usually as
sume polished display white, if they ever do so, less 
often than males of the same populations. Exceptions 
are the females of (Thalassuca) vocans and, in the 
subgenus Uca, of major and stylifera, all of which 
show strong display whitening in some populations. 
In addition, females of (Celuca) I. lactea as a whole 
always attain an equivalent white to that of their 
males. An uncommon, rose red phase occurs in in
dividual females of lactea annulipes and /. perplexa, 
whether or not they are attracting courtship behavior 
and responding to waving males; it is also found in 
occasional ovigerous females of the same species; the 
color seems to be confined to adults. 

Changes to display coloration take place gradual
ly, usually during the hour or so before diurnal low 
tides. Usually they proceed to their fullest develop
ment on warm, bright days. The time needed for the 
change varies in different individuals within the same 
population, and even in the same individual on differ
ent days. The fastest such change I have seen was 
by individuals of (Uca) stylifera; in these the change 
was fully accomplished in 15 minutes or less; one of 
slowest was latimanus, which sometimes spent two 
hours or more effecting the change. It may be that 
sunlight, high temperatures, and dryness are all im
portant. Further speculations on this topic and on the 
possible roles of the several pigments in effecting 
changes to display coloration were given in Crane 
(1944); none was based on experimental or analyti
cal work and no such research seems yet to have 
been undertaken. 

The first record of color change in Uca appeared 
as a footnote in Miiller's "Facts and Arguments for 
Darwin," originally published in 1864. In the English 
translation (1869: 36) the note reads: "This smaller 
Gelasimus is also remarkable because the chamelion-
like change of colour exhibited by many crabs occurs 
very strikingly in it. The carapace of a male which 
I have now before me shone with a dazzling white in 
its hinder parts five minutes ago when I captured it; 
at present it shows a dull grey tint at the same place." 

A few years later Darwin continued the account: 
"I am informed by Fritz Miiller, that in the female 
of a Brazilian species of Gelasimus, the whole body 
is of a nearly uniform greyish-brown. In the male the 
posterior part of the cephalo-thorax is pure white, 
with the anterior part of a rich green, shading into 
dark brown; and it is remarkable that these colours 
are liable to change in the course of a few minutes— 
the white becoming dirty grey or even black, the 
green 'losing much of its brilliancy.' It deserves espe
cial notice that the males do not acquire their bright 
colours until they become mature. From these vari
ous considerations it seems probable that the male in 
this species has become gaily ornamented in order to 
attract or excite the female." (Descent of Man, ed. 
of 1874: 275.) Miiller's own detailed account ap
peared in 1881 (p. 373). 

Still later Alcock (1892, 1902) was of the opin
ion that both color and waving played roles in court
ship, serving as recognition devices to the females, 
which also appreciated the display's color and mo
tion. After that observers became sharply divided 
on the subject, as reviewed in the general account of 
waving display (p. 494). To this day the value of 
display coloration in relation to behavior remains un
settled, since even elementary experiments, save for 
those of von Hagen (1970.3), have not been under
taken. Its merely sporadic appearance in many spe
cies where it attains a high development is one of its 
most puzzling characteristics. 

For experiments on the functions of color the fol
lowing species would, it seems, prove to be the most 
rewarding, since the changes occur in many or most 
populations and are confined to displaying males 
and, sometimes, adult females: on American shores, 
in the subgenus Uca, major in the Atlantic and styli
fera in the eastern Pacific; among Celuca, leptodac-
tyla in the Atlantic and, in the eastern Pacific, salti-
tanta and musica terpsichores. In the Indo-Pacific no 
species achieves display white in most populations; 
in occasional places in some seasons it reaches full 
development in (Thalassuca) vocans and (Celuca) 
lactea; less often it occurs in (Amphiuca) i. inversa. 
Additional species that also show strong display col
oration, but only sporadically, are, in the subgenus 
Minuca, in the eastern Pacific g. galapagensis; in 
Celuca, in the eastern Pacific, beebei and latimanus; 
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in the western Atlantic, Uruguay ensis; in the Indo-
Pacific, lactea annulipes and /. perplexa. 

Among the colored areas that appear especially 
promising for experimental work on their functions 
are the following: the lower, outer manus on the 
major cheliped, prominent in some threat postures 
throughout the genus and in vertical waves; colora
tion of the remainder of the cheliped, particularly 
when the inside differs from the outside, the two areas 
contrasting strikingly during lateral waving; the oc
currence of contrasting colors on the anterior sides 
of at least the first ambulatories; further observa
tions, in addition to experiments, on beebei and 
other species that revolve during display and that 
have both anterior and posterior sides of the ambu
latory meri colored; the blues and greens sometimes 
found on the anterior parts of carapaces and ad
jacent areas, as in cumulanta and beebei; the large, 
white or blue white spots on the posterior ambula
tory meri in some Deltuca, where they are conspicu
ous when raised in threat display toward the rear. 

Also in need of investigation is the possibility that 
some of the persistently vivid colors in Indo-Pacific 
Deltuca spp., (Thalassuca) tetragonon, and (Amphi-
uca) chlorophthalmus may be aposematic. Similarly, 
while general observation shows that Uca, like many 
other crustaceans, alter their prevailing hues when 
not in display coloration to tone in with a variety of 
substrates and so achieve a kind of cryptic colora
tion, no precise work on the problem seems to have 
been effected. Finally, in spite of an occasional sup
position that diurnal darkening has a cryptic value, 
the question has not received the benefits of experi
mental attention. 

The course of color development in young fiddler 
crabs varies greatly among the species. Only among 
a few Deltuca are the very young strikingly colored; 
usually they appear at least as dull as non-displaying 
crabs in species with strong developments of display 
coloration. A few species have not only the tips of 
the two chelae but each manus as well shining white 
in the young of both sexes. Tones of orange or red 
usually appear on the major manus in otherwise dull 
adolescents at earlier stages than do the paler or more 
vivid colors of other regions of the body. 

S. G I L L S 

The only internal structures which will be specially 
considered here are the gills, with emphasis on those 
of the third maxilliped. These gills alone show major 
differences and apparently have phylogenetic impli
cations. (Figs. 76, 77, 78, 81, 82, 83.) 

In Fig. 81, gills from representative species of 
Macrophthalmus, Ocypode, and Uca are drawn, us
ing the length of the carapace as a standard. Mac
rophthalmus, which leads a life by far the least ter

restrially adapted, has the best developed gills. In 
Uca, however, reduction of the anterior gills is not 
in conformity with the ecological requirements of 
the species. In any case, throughout the group these 
small gills at best could probably be of little use. 
When the gill on the third maxilliped is only a nub
bin, it cannot, of course, function at all. 

In no Uca does the third maxilliped gill approach 
its development in Macrophthalmus, or the perfec
tion of shape in Ocypode (Fig. 82). U. maracoani, 
with only a few books missing from one side and ori
entation unchanged, is best developed; members of 
the subgenera Thalassuca, Afruca, and Amphiuca 
all have clearly formed books with much in common. 
In other subgenera, these gills show all stages of re
duction. In the few species in which a long series has 
been examined, the character is subject to variation 
within populations, although some members of each 
will show the maximum development of the gill char
acteristic of the species. The species best known in 
this respect are vocans, chlorophthalmus, and tangeri. 

The gill on the second maxilliped and the first reg
ular gill, also reduced, vary among the species; either 
one may be the larger, with little respect to relation
ships shown by other characters. The species with the 
greatest reduction of all three small gills is lactea 
annulipes. 

T. INTERNAL ORGANS 

A semi-diagrammatic view of the arrangement of the 
internal organs is provided in Figs. 79 and 80. It is 
designed for only two purposes. First, for workers 
unfamiliar with the internal organs of crabs, it will 
serve as a guide in locating the gonads and determin
ing their readiness for breeding. Second, it shows the 
relative positions of branchial chambers, gills, affer
ent branchial orifices, and pericardial sacs; some of 
these play not only the usual role in basic ecological 
adaptations but apparently also in sound production. 
The latter aspects will be considered in the chapter 
on social behavior. 

A comparative study of the respiratory, digestive, 
and reproductive systems of representative species of 
Uca, still to be undertaken, would assuredly furnish 
illuminating results. Key studies based on other crus
taceans including crabs are Pearson (1907-1908), 
Waterman, ed. (1960, 1961), and Bliss & Mantel, 
eds. (1968). 

U . S U M M A R Y 

The morphology of Uca is described, with the prin
cipal emphasis on structures that play or probably 
play direct roles in behavior or that are of taxonomic 
importance. Larval stages are omitted. The uses, 
known and hypothesized, of the individual structures 
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are considered, in preparation for a discussion in later 
chapters of their functioning as groups in behavior 
patterns. Viewed as a whole, the major and minor 
morphological features of fiddler crabs divide into 
two classes—those concerned primarily with the 
maintenance of the animal in its environment, and 
those connected with social behavior. In the first 
group are the crab's basic shape and the equipment 
for respiration, feeding, and digging. In the second 
are the numerous specializations concerned prima
rily or altogether with social behavior. They include 
the varieties of hypertrophy in the major cheliped, 
the complex armature of carapace and appendages, 
and the diversity of gonopods. On the claw alone, 
comprising the manus and chela, 84 different spe
cializations are counted that appear to function only 
in intermale combat. In fact, the great majority of 
morphological specializations for social behavior in 
XJca apparently are used only in agonistic behavior, 
chiefly between males, rather than in courtship. In 
the chapter the post-larval growth of each principal 
structure is briefly described and the range of varia
tion indicated. While notable allometric growth is a 
characteristic of most morphological features, includ
ing its extreme expression in the major cheliped, it is 
not of practical use in the determination of species. 
Particularly in Indo-Pacific species, dimorphism of 
the claws is strongly apparent, although intermediate 
forms always occur. Color in some species varies 
along geographic lines and in others on the general 
tone of the substrate; in individuals it also depends 
on circadian rhythms, on breeding condition, and on 
whether a male is in display phase; in some species 
daily color change in displaying crabs is striking; 
even in dull species parts of the major cheliped con

trast somewhat with the substrate and carapace. In 
practical taxonomy the most useful structures for 
species determination in males are unquestionably 
the gonopods, in combination with the shape and 
breadth of the front and the sculpturing of the major 
cheliped. Usually of secondary usefulness are the 
dentition and gape width of the minor cheliped, the 
armature of the orbits, and the shape and armature 
of both carapace and ambulatory meri. Of rare but 
important helpfulness are special armatures on the 
first ambulatory and the presence or distribution of 
pile on carapace or ambulatories. Females are dis
tinguished from males chiefly in having two small and 
equal claws, similar to or identical with the minor 
cheliped of the male; the armature of carapace and 
ambulatories is invariably somewhat stronger than 
in the male, apparently in connection with sound pro
duction and combat, the signaling devices being more 
restricted than in the male through lack of a major 
cheliped. Taxonomically females are often difficult 
to determine in preserved collections from areas in 
which the local communities are unknown. The best 
key characters usually include any or all of the fol
lowing: gonopore sculpturing, resemblance of front 
to that of male, location of pile, dentition and gape 
width of chela, and, used with great caution, the 
shape of the carapace and leg segments, all in com
parison with those of their male conspecifics. In fe
males the orbits are never more oblique than in 
males, the antero-lateral margins shorter, the cara
pace flatter, or the width of the ambulatory meri less; 
each of these characters always differs if at all from 
the expression in the male in the opposite direction, 
the characters together increasing the volume of the 
carapace and hence helping avoid desiccation. 
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A. INTRODUCTION 

The behavior of fiddler crabs may be roughly divided 
into maintenance activities, defenses against preda
tors, and social patterns. As usual in such classifica
tions, and particularly in any subdivision of Uca, the 
dividing line is movable and a number of activities 
are multifunctional. Burrows provide an example. 
Seldom dug by the current occupant, they are never
theless kept clear and, if necessary, enlarged by that 
individual. The burrows probably originated as an 
underwater defense against fish and other predators 
and continued as protection also against desiccation, 
heat, and terrestrial enemies during low tide, as the 
ancestors of fiddler crabs assumed an increasingly 
active intertidal life. Today, at least, burrows also 
play fundamental roles in social behavior. 

The present chapter will be confined to brief de
scriptions of certain non-social activities, selected 
principally as a foundation for the consideration of 
social behavior. Categories will be listed in rough 
order, from the most generalized activities, such as 
walking, to those most characteristic of the genus. 
Comments on the more physiological forms of 
behavior, such as respiration, will be confined to as
pects particularly associated with other Uca activi
ties, or with its ecology. Throughout, for amplifica
tion of such basic patterns see Waterman, ed. (1960, 
1961), Marler & Hamilton (1966), and contribu
tions to the Symposium on Terrestrial Adaptations 
in Crustacea (Bliss & Mantel, eds., 1968). 

The various ecological factors and endogenous 
rhythms concerned in the activities of fiddler crabs 
are discussed in the chapter on ecology (pp. 440ff.) 
and in the section on rhythms in social behavior (p. 
504). 

B. RESPIRATION 

As in all ocypodid crabs, when Uca are wholly or 
partially underwater, water is drawn into the gill 
chambers on each side through the afferent orifice 

between the second and third pairs of ambulatories. 
From here it circulates around the gills and passes 
out through the efferent channel at the antero-exter-
nal angle of the merus of the third maxilliped. Dur
ing low tide the crab descends its burrow the bottom 
of which is either damp or under water, at irregular 
intervals. 

A supplementary system of maintaining moisture 
in the branchial chambers during low tide is pro
vided by the crab's habit of suddenly lowering the 
body against the ground. In this position the brushes 
of setae fringing the afferent orifice are brought into 
contact with the damp substrate and requisite mois
ture drawn up into the pericardial sacs. 

In addition to its primary functions of bringing 
oxygen to the gills and preventing desiccation, the 
water circulating in the branchial chambers is con
cerned in two other activities. One of these is feed
ing, since the water is led through the rhythmic ac
tion of the mouthparts into the buccal cavity, where 
it helps separate coarse, inedible material from finer 
organic matter. This process has been described on 
p. 456. 

Finally, respiratory water apparently is sometimes 
of use in making acoustic signals (p. 484). 

Uca and Ocypode are the two most perfectly 
amphibious crustaceans. Of the two, Uca is the less 
terrestrial. Although tested species can survive indefi
nitely when completely submerged, the same forms 
die even in humid air after a few hours. Neverthe
less, strongly displaying species and those that aesti-
vate and hibernate must often be taxed, and doubt
less then the crab relies on the air spaces in the 
epibranchial regions which are lined with blood ves
sels, as well as on moisture stored in the pericardial 
sacs. 

The epibranchial regions probably also serve as 
resonating devices when appendages rub against the 
carapace during sound production (p. 483). 

In the respiration category may be mentioned the 
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aeration of eggs by ovigerous females. These indi
viduals may be seen now and then, either crouching 
low or standing high, while masses of bubbles emerge 
from the branchial orifices at the third maxillipeds 
and pass backwards over the egg mass. Similar be
havior, here termed bubbling, has been noted in both 
sexes kept in small containers when the shallow 
water becomes foul, and also in large terraria, where 
Schone (1968) found it occurred regularly, appar
ently as a cleaning mechanism. Altevogt (1969.2) 
has presented evidence that bubbling is a tempera
ture regulating mechanism. Finally, in the burrow 
bubbling sometimes functions as an acoustic signal 
(Crane, 1966 and p. 484). 

C. L O C O M O T I O N 

Since it is a typical crab, Uca walks sideways. Either 
the large claw or the minor may lead, depending on 
the social situation. Also, depending on the crab's 
phase, the body may be held very high, or slung low. 
A fiddler can run rapidly, in spite of its moderately 
short legs, but only for a few seconds at most. In 
many species the crabs are adept at changing direc
tion and proceeding in brief dashes. Such speed and 
maneuvering are used only during emergencies as
sociated with escape, combat, and courtship. Man-
ton's pioneer studies on crustacean locomotion (espe
cially those of 1952 and 1959) would make an 
excellent basis for a comparative study among the 
species of Uca. 

D . F E E D I N G 

To any human being who watches a fiddler crab eat, 
the feeding process looks simple. At low tide the crab 
sits on the shore with the buccal area almost verti
cal, the most posterior part being also the lowest. In 
this position the fiddler repeatedly scrapes up a bit 
of substrate in a small cheliped and places it between 
the inner edges of the third and second maxillipeds, 
held ajar during feeding. Males use the single minor 
cheliped, apparently at a faster rate than the two 
similar chelipeds of females, which use them alter
nately. Sometimes single scrapes are made, some
times four or more at a time, before the material is 
carried to the mouth. There do not seem to be spe
cific differences in this behavior; the number of 
scrapes is probably related to the character of the 
terrain. In general small crabs feed faster than large 
ones and, expectably, heat speeds the tempo. Dis
placement feeding motions and those combined with 
low intensity waving are predictably slower than the 
highly motivated gathering of substrate following a 
crab's emergence after high tide. Miller (1961) in 
his detailed examination of the feeding process, gives 
rates of routine feeding in several species. The course 
of the pinch of substrate within the buccal area, 

based principally on Miller's work, has been re
viewed in this contribution starting on p. 456. 

The spoor of active Uca in the Indo-Pacific may 
briefly be confused with that of other genera but can 
always be identified by the lines of pellets radiating 
from a burrow. The crab's habit is to move slightly 
ahead as it feeds, whether it is at the time a burrow 
resident or a wanderer. 

The only detailed analyses of the pellets discarded 
in feeding and of fecal pellets have been published 
by Verwey, Altevogt, and Miller (all loc. cit., p. 
456). Verwey's work was in Java; Altevogt's analy
ses were wholly on vocans, near Bombay; Miller 
worked on species in the eastern United States. There 
is general agreement that microscopic algae and pro
tozoans living in the substrate, as well as organic 
matter brought in by the tide, form the main items 
of diet. Diatoms, although often ingested, seem usual
ly to be excreted. 

The zoeae and megalopa are efficient predators of 
planktonic animals (Herrnkind, 1968.2, and refs.). 

In addition, I often observed both panamensis (in 
Costa Rica and Panama) and tangeri (in Angola) 
supplement filter-feeding with the plucking of algae 
growing on stones. Furthermore, in the females of a 
number of species, such as vocator and maracoani, 
the pile sometimes appears to give support to living 
algae. In both these species and many others a pluck
ing motion with the minor cheliped from the female's 
carapace plays a definite role in courtship (p. 503). 

In Costa Rica I once saw brevijrons eating mam
malian feces, although Uca certainly is not normally 
a scavenger. 

When a male loses the minor cheliped, he attempts 
to use the major in feeding. If the degree of hyper
trophy is not too great, he may successfully support 
himself for weeks or months, until regeneration is 
accomplished, as has been observed in the crabberies. 
Crabs losing both chelipeds bring the buccal re
gion in contact with the substrate. No data are at 
hand to show the long-term success of this procedure. 

E. DEFECATION 

The anus is at the end of the abdomen; the small 
fecal pellets are deposited by a partial lowering of 
the abdomen. These pellets are smaller than the 
cylinders of substrate discarded at the posterior end 
of the third maxilliped and, once recognized, the two 
kinds of discarded matter cannot be confused. Large 
gobbets found near fiddler burrows are merely loads 
brought up during digging operations. 

F . C L E A N I N G A C T I V I T I E S 

The major cleaning pattern is simply submersion. A 
crab muddied from digging will often emerge drip
ping and free of mud, after a brief descent into his 
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burrow in which water is still standing, just before 
starting a display period. Cleanliness is definitely as
sociated with the display phase (p. 687); crabs in 
other phases, particularly when in the wandering or 
early aggressive periods, sometimes do not remove 
mud except from the eyes and eyestalks. 

Special cleaning motions, moderately well stereo
typed, play roles both in actually removing mud 
clinging to parts of the carapace and appendages and 
in social behavior (p. 461). The eyes and their stalks 
are cleaned primarily by depressing them alternately 
into freshly wet sockets. Secondary agents are the 
distal, setose segments of the third maxillipeds and 
the serrations and setae of the minor chelipeds. The 
direction of the wiping motion, in contrast to that 
used in cleaning other appendages, is from the dis
tal to the proximal end, doubtless as a means of 
avoiding the addition of mud from the stalk to the 
functional part of the appendage. Since this direction 
is contrary to the usual pattern in arthropod clean
ing motions with which I am familiar, the very prac
tical adaptation is of special interest. Mantids, for 
example, in cleaning their forelegs with their mouth-
parts, work from the proximal to distal ends of the 
segments. 

The minor cheliped cleans the major, always 
spending most time and moving most often over the 
outer surface of the manus and chela. Sometimes it 
reaches within the gape to clean part or all of the 
outer pollex as well as, less often, the tubercles of 
the gape. Motions along the inner side of manus and 
chela are less frequent, and those against the carpus 
and merus unusual. The outer sides of the major 
merus and carpus, especially proximally, as well as 
of the minor cheliped and ambulatories, are cleaned 
principally by rubbing adjacent meri against one 
another. Among the ambulatories the other segments 
are used similarly, particularly the ambulatory dactyl. 

In cleaning no specific differences are apparent. 
No usual sequence has been observed. All are well 
developed in the early crab stages. All are prevalent 
forms of displacement behavior (p. 520). 

G. BASIC DEFENSE 

This section concerns only defense against predators, 
which, in Uca, are restricted chiefly to birds, crab-
eating raccoons, dogs, and human beings. Protection 
against ecological hazards are discussed starting on 
p. 451, and in the following section on burrow-dig
ging (p. 474). Intraspecific agonistic behavior is 
treated in later chapters. 

Against predators, actual or potential, the primary 
defense is a simple escape down a burrow, preferably 
the hole which the crab has inhabited for a longer 
or shorter period but, failing that, any one that can 
be reached by a brief run. 

If a fiddler escapes into a burrow that is already 

occupied, the intruder will be tolerated by the resi
dent, when acoustic signals fail to drive it out, until 
the intruder senses that it can emerge and go else
where. This behavior is further described under ter
ritoriality, p. 511. Repeated quick forays are made 
to the brink of the burrow, so that the eyes can 
briefly overlook the surface. Although none of the 
necessary experimental work has been done, part of 
the emergence signal is undoubtedly visual, the posi
tive stimulus apparently being a lack of unaccus
tomed objects in motion. If the strange object, such 
as an observing human, remains motionless long 
enough, at a highly variable distance of toleration, 
the crab emerges in spite of the addition to the sur
roundings. It may also stay below in response to 
vibration signals, such as steps near the burrow. Pop
ulations of the same species and subspecies vary 
widely in their toleration distances. Groups that are 
frequently disturbed, such as populations beside 
roads or on village shores, are often expectably more 
tolerant. Populations in more isolated places are un
predictable; the reasons for the local variations could 
form a most rewarding study. 

When a fiddler crab is pursued while feeding or 
wandering near the low-tide level at a distance from 
all burrows, it has available several lines of defense. 
First it may try to sink into the mud with a rotating 
motion. If the substrate is too firm for the crab to 
corkscrew downward but soft enough for easy ex
cavation, the fiddler can quite quickly dig a burrow 
with the ambulatories. Obviously, there is rarely 
time for this activity in the presence of a true preda
tor. I have, however, watched it occasionally when 
I have been the cause of the alarm. Again, such crabs 
sometimes escape threats by running into the water 
far enough to be wholly submerged. The final de
fense is the universal crab gesture of rearing back by 
folding the posterior ambulatories, simultaneously 
straightening the front legs to raise the front of the 
carapace, and spreading both chelipeds out, with the 
chelae open. If the crab is chivied when in this posi
tion with beak, paws, stick, or finger, the major chela 
moves to seize the threatening object. 

A crab in its burrow sometimes seizes a similar 
thrusting threat in the same way; usually, however, 
it burrows downward as fast as possible, and grabs 
the intruder only when further digging is blocked. 

Although some components of acoustic behavior 
may prove to be elicited only by potential predators, 
no example is yet known. On the other hand, sound 
production is a usual response of a burrow resident 
to small intruders, in particular to conspecific Uca 
(p. 485). 

H. BURROWING 

Although burrowing motions appear identical 
throughout the genus, it used to seem that good spe-
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cific differences would emerge in the forms of the 
burrows. These characters doubtless do exist, but 
they have proved to be so dependent on ecological 
and seasonal conditions, and so much comparative 
work would have to be done in order to draw valid 
conclusions, that this kind of species-specific behav
ior will not be described here in more than general 
terms. 

Takahasi, for example (1935), described what ap
peared to be typical burrows of arcuata and vocans 
borealis in northwest Taiwan. Investigations of the 
same locality showed in the spring of 1963 (Crane, 
unpublished) that, although the habitat investigated 
by Takahasi was optimal for vocans, it was not favor
able for arcuata. Since the latter species lives typically 
in crowded populations in upriver mud, the burrows 
there are quite different from those of the sparse, 
atypical population living among vocans in muddy 
sand on the somewhat stony shore. Takahasi's meth
od of taking plaster casts of numerous individual 
burrows seems to be the only one that would be alto
gether valid for detailed studies. Casts would, of 
course, have to be made of many groups of examples, 
from various levels on the shore and in various eco
logical and geographical parts of the range of each 
species. 

In view of these requirements, it will only be said 
that most Uca appear to have simple burrows, pro
ceeding diagonally downward. The deepest burrows, 
which may end more than three feet underground, are 
made by the larger individuals, in river banks and on 
shores near high-tide level, as well as by some aesti-
vating or hibernating crabs. The shallowest, some
times only two or three incres deep, are produced by 
very small species or by individuals in moist habitats. 
Enlarged niches are sometimes found in the shafts, as 
are, I think rarely, forks and more than one entrance. 

Regardless of the direction or depth of the digging, 
the method is always the same. The crab digs only 
with the legs of the minor side, which precede the 
crab into the hole and curve around the excavated 
mass, forming a basket with the setae. All material 
from burrows is carried at least a short distance from 
the mouth and either dropped on the spot, or more 
rarely tossed away. The dropped loads are always 
much larger than the feeding pellet, but are often well 
compressed into balls. 

A single exception occurs to the rule that males 
dig only with the legs of the minor side. In attempt
ing to force another individual from a burrow, the 
intruder sometimes briefly thrusts his major chela be
low ground, making with it prying or scooping mo
tions that rarely bring out a small amount of substrate 
or even successfully flip out a smaller crab. Usually 
the motions are ineffectual; it seems probable that the 
descending cheliped continues to act as a threat sym

bol, doubtless sometimes engaging the claw of the 
other male (p. 515). 

Very young crabs do not make their own burrows, 
but when pursued escape into those of larger individ
uals, or simply sink into soaking wet terrain at the 
water's edge. Their first burrows are very shallow, 
and close to the low-tide level. The larger displaying 
males are typically found nearest to high-tide marks. 
The subject will be further discussed in the following 
chapters. 

The burrow is often, but by no means always, 
stopped up with a plug of material from either the 
outside or inside before it is covered by the tide or in 
the midday heat. It has been suggested that a column 
of air is kept by this means in the burrow. This does 
not seem possible, since apparently nothing is done 
to line the burrow with waterproof material, save for 
a few notable exceptions; lactea, for example, in its 
sandier habitats, lines the shaft with wet mud from 
below. The releaser for the plugging behavior is whol
ly unknown. 

I. ORIENTATION 

The critical study of orientation in Uca has begun 
very recently. Altevogt (1963.1) showed how tangeri 
find their way back to a particular area of the beach, 
but not necessarily to their former burrows, by polar
ized light. A more general paper on orientation in 
tangeri followed (Altevogt & von Hagen, 1963). 
Herrnkind (1966, 1967, 1968.1, 1968.3) described 
similar behavior in pugilator. In both species the 
crabs use, as appropriate, polarized sky light, sun 
navigation, and landmarks for orientation at a dis
tance. At close range, however, tangeri appear to 
find their burrows with the help of kinesthesia rather 
than vision (Altevogt & von Hagen, 1963). 

J. L E A R N I N G 

Altevogt (1963.2) performed the first modern exper
iments on learning in Uca during his investigation of 
visual discrimination ability in tangeri. Using artificial 
burrows as rewards, he succeeded in training between 
four and six individuals in a total of 23 to select a 
particular direction, and to discriminate between 
lights of different intensities. He was unable to train 
any of the group to distinguish between colored lights 
of equal intensity or between lights of different planes 
of polarization. 

Langdon (1971), after finding that shape discrim
ination is well developed in pugilator, concluded: 
"Training studies suggest that the preference for ver
tical vegetation-like stimuli is a learned one and is 
subject to modification to adapt to changing charac
teristics of the environment. However, these experi-
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ments do not rule out the possibility that innate com
ponents exist and cause a predisposition to prefer 
vertical visual stimuli. . . ." 

K. S U M M A R Y 

The non-social behavior included in this chapter con
sists of maintenance activities and defenses against 

predators. Most of the selected patterns clearly form 
the foundations on which are based patterns of social 
behavior. For example, territoriality depends on the 
habit of digging shelters in the intertidal substrate. 
The overt facets of respiration are reviewed, as are 
procedures in walking, feeding, defecation, cleaning, 
avoiding predators, and digging. Recent studies of 
orientation and learning are noted. 
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A. INTRODUCTION 

In fiddler crabs, social behavior consists almost alto
gether of agonistic activities, their ritualized deriva
tives, and courtship. Most but not all aggressive 
behavior, whether ritualized or not, is also clearly 
connected with reproduction. With two exceptions— 
droves and synchronous waving—none of the pat
terns shows collaboration between more than two 
crabs in a joint activity. Fiddler crabs neither dig 
communal burrows, for example, nor threaten preda
tors in unison. There is no trace of the group terri
toriality found especially in some mammals, where 
an area is defended by its inhabitants from trespass 
by another group of conspecifics. Furthermore, since 
the larvae are released at hatching, there are no mu
tual, behavioral responses between parent and mobile 
offspring, even to the extent found briefly in scor
pions. 

Yet, as described in the chapter on structures and 
functions, the specializations for threat, combat, and 
courtship are unsurpassed. Although fiddler crabs 
cannot be termed socially cooperative in any usual 
sense, they must, it seems, be vitally dependent on 
one another. The forms of this dependence remain 
unclear. As will be shown, males do not have to fight 
to obtain empty burrows. There is no visible strug
gle for food. There seems to be ample space in every 
population for courtship. Successfully breeding males 
do not seem to be congregated in the middle of leks, 
although quantitative work in this field has not been 
done. Combats with other males are not prerequisites 
enabling them to mate. Females are not attentive to 
encounters between males, nor do they select the 
brightest or most actively waving individual. In sev
eral subgenera, waving is not even always a part of 
successful courtship, although it always occurs dur-
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ing the breeding season in every population. Success
ful mating, even in subgenera in which courtship is 
elaborate, will take place in a finger bowl, with no 
preliminaries, no food, and no tide. Consequently, we 
seem to be left with the vague conclusion that both 
intermale behavior and waving courtship display 
serve under natural conditions as mechanisms for 
stimulating and synchronizing reproductive behavior 
in the population as a whole. They doubtless also dis
courage copulation by males not in optimal breeding 
condition. The single certainty is that we know almost 
nothing of the physiological mechanisms underlying 
these values. 

As usual in social animals, some of the components 
in agonistic behavior and courtship are ambivalent. 
The most striking example is "waving," the motion 
of the large cheliped in males which, in most species, 
is an indispensable part of courtship and, in all spe
cies, is performed most rapidly and vigorously during 
courtship. Waving is also an important part of threat 
behavior which, in fact, almost certainly underlies 
much of the evolution of the wave. Recent investiga
tions are bringing to light increasing numbers of ex
amples where the same means of sound production 
is used in both aggression and courtship. The struc
tures sometimes built outside fiddler burrows are 
probably similarly ambivalent. 

In the following pages, the general repertory of so
cial components will first be enumerated. The great 
majority are concerned with agonistic behavior, not 
with courtship. They will be divided, for convenience 
rather than from evolutionary logic, into seven 
groups: first, droves; second, agonistic postures and 
associated motions; third, sound components, both 
known and probable, in threat and courtship; fourth, 
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combat components; fifth, the components of waving 
display; sixth, constructions beside burrows; seventh, 
copulation. Subsequently, rhythms and phases of so
cial activities will be considered, along with examples 
of unusual behavior. 

For general accounts, with bibliographies, of the 
bases of social behavior in animals, see Marler and 
Hamilton, 1966, Eibl-Eibesfeldt, 1970, and Hinde, 
1970; for reviews of social behavior in Crustacea, 
see Schone, 1961 and 1968. 

B. D R O V E S 

In the lowest rank of fiddler sociality belong the 
kinds of behavior grouped here under droves, a term 
occasionally applied to moving aggregations of pugi-
lator in the southern United States. No driving or 
herding of the crabs is implied. Like numerous other 
moving groups in the animal kingdom, including 
schools of fish and traveling caterpillars, the individ
uals in fiddler droves take no apparent notice of any 
particular individuals. Although their formation 
changes rather freely, they do move as a crowd, in a 
roughly similar but easily altered direction, and may 
stay together throughout almost an entire period of 
low tide. All of this behavior is in contrast to the types 
of social behavior which will be described later. 

The droves of pugilator have been familiar to 
naturalists, children, and, unfortunately for conserva
tion, commercial collectors for a long time. Thanks 
to Herrnkind's recent work (1968.3 and refs.) on 
visual orientation in the species, this part of Uca 
behavior is at last receiving modern professional at
tention. 

Droving appears to be of at least two distinct kinds, 
representatives of both of which were noticed by 
Herrnkind in the course of his study. In the first, 
feeding aggregations of both sexes move down from 
the upper beach to low-tide levels. Second, "small 
groups of either sex occasionally migrate along the 
shore for considerable distances, up to 100 m, and 
apparently establish residence in new localities." 

The first class occurs, as Herrnkind points out, in 
populations of the species holding burrows high up 
on the beach, rather than among those living and 
feeding on flatter shores. As in all other species of 
Uca with which I am familiar, individuals with bur
rows on the higher levels, where the food supply is 
less rich, often come down to feed at the water's edge. 
Droving becomes conspicuous in many pugilator pop
ulations because they are adapted to relatively sandy 
habitats, the upper levels of which are poor in micro
organisms compared with lower levels, so that great 
numbers of crabs, "from a few dozen to thousands of 
individuals" (Hyman, 1922) sometimes move down 
to feed. 

The second class is of greater interest from a social 
point of view. These crabs, consisting only of males 
in the examples I have observed, move more as an 
associated group. They may or may not spend much 
of their time feeding. In pugilator, the only droves I 
saw during brief observations near Miami, all con
sisted of males behaving as do single tropical males 
in the non-aggressive wandering phase, except that 
they moved almost as a unit. The members almost 
touched one another, feeding below the levels of the 
burrows as in the mixed groups of the first class but 
along a strip starting a few feet farther along the 
beach than the nearest holes. No droves formed of 
both sexes, or of females, occurred in this population. 
When they were startled by me the males stayed to
gether, moving obliquely away toward the water, then 
surging back a few moments later. 

I have watched large droves composed wholly of 
males in four other ocypodids, in Uca tangeri in 
Angola, Dotilla spp. in Zanzibar and western Aus
tralia, and Myctiris (soldier crabs) in Brisbane. In 
each, the individuals numbered between 500 and 
1,500. In tangeri and in both observations on Dotilla 
the droves appeared only in conjunction with spring 
tides, which of course uncovered more potential feed
ing area than was usually available to them. Two 
points in this connection are interesting. First, these 
tides occurred in the morning, in correlation with a 
natural peak of Uca social activity (p. 505). Second, 
except in the case of Zanzibar Dotilla, the crabs did 
not proceed beyond the usual limits uncovered, al
though they did not avail themselves of this area on 
other days. Fortunately Cameron (1966) has pro
vided a season-long study of drove behavior in Aus
tralian Myctiris, such as is greatly needed in Uca. In 
fiddlers the corresponding pattern is so little known 
that no further reference to it will be made in later 
sections. 

It is worth noting here that I did not see any shore 
bird, the most usual predator on fiddlers, pay appar
ent attention to the large and conspicuous droves of 
the second class described above, much less seize a 
crab. 

C. AGONISTIC POSTURES AND 

ASSOCIATED MOTIONS 

Certain postures are prevalent in Uca during terri
torial, aggressive, and submissive behavior. Most of 
them will probably prove to be characteristic of the 
entire genus; others appear to be confined to several 
subgenera. These postures all may and usually do 
continue as equally typical motions. They do not fol
low one another in fixed sequence, although their oc
currences and order are sometimes predictable in a 
given social situation. 
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The postures and their associated motions, de
scribed below, will be given names suggestive of their 
form. 

1. Raised-carpus. Male. A low intensity posture. The 
mano-carpal joint of the flexed, major cheliped is 
raised, with the fingers ajar and pointing obliquely 
down. Sometimes the carapace on the major side is 
also slightly raised. The raised joint is usually pointed 
toward a nearby male that is either approaching from 
a distance or encroaching on the feeding area of the 
posturing individual. More rarely, it is aimed towards 
a crowding female or a member of another species, 
especially when all are feeding in a closely spaced 
population. The posture is sometimes accompanied 
by the vibration of the major merus against an ad
jacent part of the carapace (p. 482). (Fig. 84 A, B, 
E.) 

2. Down-point. Male. High intensity threat often 
leading to combat. Apparently a direct derivative of 
the raised-carpus, which, however, does not necessar
ily precede it. It has been observed in only four spe
cies, tangeri (subgenus Afruca), maracoani and 
ornata (both in the subgenus Uca), and pugilator 
(Celuca). The posture is characterized by the ex
treme vertical position of the chela. The finger tips 
usually touch the ground immediately in front of the 
crab while the mano-carpal joint is maximally raised. 
Frequently, two potential opponents approach each 
other closely before both, almost simultaneously, as
sume the position. High intensity combat with linked 
chelipeds sometimes follows immediately. 

3. Frontal-arc. Male. Low intensity. Similar to the 
raised-carpus, except that the flexed cheliped, fingers 
slightly to widely apart, is entirely parallel to the 
ground and almost touches it. Although the posture 
is sometimes held for moments at a time, the claw 
usually sweeps slowly forward and back in a small 
arc. It occurs frequently in a crowded feeding situa
tion and the actor often does not interrupt the rhythm 
of his minor cheliped. 

4. Forward-point. Male. Moderate intensity. Uncom
mon. The major cheliped, held low and level with the 
ground, is half unflexed, so that the wide-open chela 
points forward, toward an approaching opponent. 

5. Lunge. Male. High intensity. Often follows a 
raised-carpus or forward-point. With the major cheli
ped partly flexed, the crab makes a feint toward a 
potential opponent, the body and cheliped being 
thrust suddenly in the direction of the other crab 
while the ambulatories shift position little or not at 
all. 

6. After-lunge. This motion appears identical with the 
lunge and is separated from it here only because of 

its close association with combat, and because the 
name was used in an earlier contribution (Crane, 
1967). The after-lunge often follows an encounter so 
closely that it may prove desirable in the future to 
term it a full component of combat. 

7. Carpus-out. Male. Usually follows a raised-carpus. 
The crab, at the continued approach of a potential 
opponent, sometimes partly withdraws into his bur
row, leaving the still-flexed cheliped protruding more 
or less above the ground, the mano-carpal joint still 
highest. 

8. Flat-claw. Male. A partially withdrawing crab fre
quently leaves the entire manus and chela perfectly 
flat on the surface. (Fig. 84 H.) 

9. Chela-out. Male. A third posture occasionally as
sumed in partial withdrawal occurs when only the 
extreme tips of the fingers remain above ground, ajar 
and pointing straight up. 

10. Lateral-stretch. Male. This position is typical of 
burrow-holders, is almost certainly ubiquitous in the 
genus, and occurs with great frequency. In earlier 
contributions (Crane 1957, 1966) it was called the 
"lateral threat posture." The major cheliped is widely 
outstretched, either far to the side or obliquely for
ward. The minor cheliped may or may not be similar
ly extended. The stance is reserved in social behavior 
for threat toward a potential opponent passing either 
to the rear or obliquely to the side; it is sometimes 
accompanied by vibration or rubbing of the major 
merus against the side of the carapace (p. 482). This 
posture corresponds to the classic threat position 
found in many kinds of crabs and perhaps occurs in 
all brachyurans; Schone (1968) gives examples of 
this and similar postures in a variety of forms. In the 
field I have observed it in the portunids Portunus and 
Callinectes, in many xanthids such as Carpilius, 
Xanthodius, and Menippe; in the grapsid genera 
Grapsus, Pachygrapsus, and Sesarma; in the pota-
monid Pseudothelphusa; in the gecarcinids Gecar-
cinus and Cardisoma; and, finally, in various ocyp-
odids other than Uca. All of these crabs, as well as 
Uca, when cornered or overtaken by predators or 
humans, may give this response. (Fig. 84 F.) 

11. Creep. Male. A crab in neither an aggressive nor 
a display phase often walks past displaying males 
with the body held rather low; occasionally, but not 
always, the minor side leads. The same behavior is 
sometimes accentuated when the crab has been physi
cally overturned in a forceful fight, or has had his 
burrow taken from him. At these times the sternum 
barely clears the ground. (Fig. 84 C.) 

12. Prance. Male. Several species have been observed 
walking stiffly with their dactyls turned under. Some-
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times the behavior occurs in an obvious intermale 
threat situation; sometimes no potential opponent is 
in sight. It seems likely that the odd method of walk
ing may produce sounds through stamping; the stim
ulating crab may well be underground. 

13. High-rise. Male and female. Both sexes some
times raise their bodies high on their extended ambu
latories, some of which often do not touch the ground. 
The posture in males is often associated with waving, 
in both threat and courtship. In females the stance 
indicates unreceptiveness and is usually accompanied 
by ambulatory stridulation (p. 482). Her stiffened 
legs and increased height make it difficult or impos
sible for the male to grasp and turn her into the 
copulatory position. 

14. Legs-out. Female. A frequent form of unrecep-
tive behavior. The female partly descends her bur
row, leaving the legs of one side projecting stiffly 
upright in the air or obliquely out. This action effec
tively blocks the attempts of the male to dislodge her 
or, when her burrow is large enough, to follow her 
below. (Fig. 89 A.) 

D . S O U N D P R O D U C T I O N 

I. Introduction and Historical Review 

Reviews of mechanisms for sound production in 
crabs have been contributed by Guinot-Dumortier & 
Dumortier (1960) and by Dumortier (1963). They 
present a wide variety of mechanisms, almost all 
stridulatory in nature, in nine families of brachy-
urans. Sound has been actually detected in few of 
these species, but the specializations are so apparent 
that there seems to be little question but that sounds 
can be elicited and recorded as soon as investigators 
give attention to the problem. Most of the mecha
nisms consist of a series of close-set parallel ridges or 
slightly raised striae which are readily rubbed by or 
against a row or cluster of tubercles; the latter struc
ture is often less specialized than the parallel ridges. 
Most of the examples given concern the following 
pairs of opposable parts of brachyuran anatomy: (1) 
suborbital region against merus or carpus of cheliped; 
(2) pterygostomian region against manus or dactyl 
of cheliped; (3) third maxilliped against cheliped's 
dactyl; (4) one segment of the cheliped against an
other; (5) cheliped manus against part of an ambu
latory; (6) part of one ambulatory against part of 
another. 

The production of sounds by ocypodids was first 
reported by Alcock (1892) and Anderson (1894) 
after they heard stridulation in India from burrows 
of two species of Ocypode. Suspected in Dotilla by 
Aurivillius (1893), sound production was confirmed 
more than sixty years later by Altevogt (1957.2). It 
was suspected in Ilyoplax and Macrophthalmus by 

Tweedie (1954). Stridulatory motions have been ob
served and photographed, but not tape-recorded, in 
both these genera by Crane (unpublished). Finally, 
Ocypode gaudichaudii has been heard producing 
sounds when in its burrow (Crane, 1941.2). 

Dembowski (1925) first reported sounds from 
Uca when he worked on pugilator in the eastern 
United States. Rathbun (1914.2, 1918.1) described 
juxtaposable ridges and granules, which she pre
sumed must be stridulatory, on the major manus and 
first ambulatory in musica. 

Crane (1941.1, 1943.3, 1957) mentioned the pos
sibilities of sound production in courtship, threat dis
play, or both in the genus. The mechanisms sug
gested were stridulation and "rapping" on the ground 
with the major cheliped. Three other species, in-
aequalis, beebei and terpsichores, were shown in the 
1941 contribution to have specializations similar to 
those of musica. In the same three references, rap-
pings on the surface of the ground beside the burrow 
were reported as visible elements in certain species-
specific courtship displays. These species were in-
aequalis, cumulanta, batuenta, saltitanta, and pugi
lator. 

Meanwhile, Burkenroad (1947) reported on the 
use of sounds by pugilator in nocturnal courtship. He 
found that during darkness drumming or knocking 
underground replaced waving as a stimulus to the fe
male. Burkenroad did not then believe that the 
ground was actually hit at the mouth of the burrow 
by the cheliped during visual display during the day
light. 

In 1959 Altevogt reported work on sounds made 
by tangeri, as part of a detailed study of the ethology 
and ecology of that species in southern Spain. The 
sounds were considered to be primarily part of noc
turnal courtship, and showed a correspondence in 
rhythm with that of diurnal waving. They were of 
two kinds, a long whorl and a short. When drumming 
was made on the surface of the ground by a crab 
above the burrow of another crab, it served as "an 
irresistible signal for the occupant to come out." 

So far none of the observers had yet obtained tape 
recordings of sound production by any species, 
whether actually already heard by human ears, or 
suspected through morphological and behavioral 
clues. 

Recently the subject has been actively pursued with 
rewarding results. Salmon and Stout (1962) pub
lished an analysis of tape recordings of pugilator in 
their burrows, and once more reported vibration 
against the burrow's rim. In the same year Altevogt 
and von Hagen published analyses of records of the 
populations of tangeri they were continuing to study 
in Spain. 

Since those first studies, additions to the list of spe
cies shown by tape-recordings definitely to produce 
sounds have increased yearly, through the work of 
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Salmon (1965, 1967) and Salmon & Atsaides 
(1968.1, 1968.2) in the United States, Crane (pre
liminary report, 1966) in Trinidad and the Indo-
Pacific, and von Hagen in Trinidad (preliminary re
port, 1967.2). At present, the number of species so 
recorded is about 20, with every subgenus repre
sented except Amphiuca. Morphological and obser
vational data give less complete evidence for other 
forms. There remains, in short, no question whatever 
but that sound plays an important role in social be
havior throughout the genus. 

The preceding sentence is now the only general 
statement on sound production in Uca that can be 
made without hedging. The numerous means by 
which sounds are produced, the range of variation of 
their acoustical characteristics, the stimuli that elicit 
them, and their functions are just beginning to be 
understood. The sensory receptors are still unknown. 
There is even disagreement on the medium carrying 
the stimuli, since all stimuli may be perceived through 
substrate vibrations, as seems likely to von Hagen 
(1962), or some may be airborne, as considered 
highly probable by Salmon (1965, 1967). Investiga
tion of the subject continues (Horch & Salmon, 
1969). 

Rapping or drumming, as reported in contribu
tions through 1962, was apparently done by vibrat
ing the flexed cheliped against the ground; this took 
place at the burrow entrance and, it was suggested, 
when the crab was underground. In a preliminary 
report in 1966, Crane listed tape-recordings of 
sounds made not only by the usual drumming but 
also by rubbing the ambulatory meri together, by 
vibration of membranes at the base of the minor 
cheliped, and by emission of bubbles from the effer
ent branchial channels; examples of these were 
played back at the 1965 Ritualization Discussion; 
PL 47 of the current contribution is the first pub
lished record of the oscillographs. Meanwhile, Sal
mon (1967) reported ambulatory vibration as dis
tinct from stridulation by Florida species of Minuca, 
and published representative oscillographs; he was 
then of the opinion that this behavior was subgeneri-
cally typical, while drumming of the cheliped seemed 
restricted to Celuca (pugilator, speciosa). Von Ha-
gen's 1967 contribution, a preliminary report, lists 
the species he recorded in Trinidad, but does not 
comment on the methods of sound production or 
include oscillographs. Finally, Crane (1966, 1967) 
reported that the sounds of ritualized combats be
tween males are sometimes audible to man; not one 
of them has yet been recorded. 

All the investigators agree that Uca sounds so far 
recorded are of low frequency and that the tempo 
increases with a rise in temperature. The contribu
tions of Altevogt and von Hagen, and of Salmon and 
his co-workers, agree that sound production replaces 
waving as a part of courtship, both under certain con

ditions when the crab is underground and at night. 
In addition, von Hagen (1962), enlarging on Alte-
vogt's original observation, described for the first 
time an aggressive element in the drumming of tan
ged. When a burrow-holder emerged at night in re
sponse to drumming on the surface by a passing male, 
two results might follow. If the emerging crab was a 
female, copulation might ensue, but if another male, 
aggressive behavior could follow. All investigators 
agree that spontaneous sounds at night are usual in 
several species now acoustically familiar. Altevogt 
(1964, 1970) showed that in (Afruca) tangeri and 
{Celuca) inaequalis antiphonal drumming may be 
elicited. This behavior resulted when he tapped a 
finger on the surface of the ground close to the 
mouths of burrows occupied by male. Crane (1966) 
remarked that sounds can be most easily elicited by 
an observer by arranging for a conspecific male to 
enter a burrow occupied by another male. Salmon 
(1967) and Salmon & Atsaides (1968.1) also report 
successful use of this technique. 

Recently, my reexamination of morphological spe
cializations and of motion picture films, as well as 
further field observations, and video-tape-recordings 
have all led me to believe that sound production in 
general functions primarily in intermale behavior and 
in behavior by unreceptive females, while its use in 
courtship, at least on the surface, is more restricted. 
This viewpoint will be amplified in later sections. 

II. Components of Sound Production in Uca 

The means of sound production, known and sus
pected, in fiddler crabs divide conveniently into a 
number of categories and subdivisions, containing, in 
all, a minimum of 16 components. Several of these 
components are clearly compound, but in the present 
state of our knowledge it is impractical to fracture 
them further. In the present section, each component 
is provided with a short name, for ease of use in later 
sections, and briefly characterized. Descriptions of 
morphological and operational characteristics are 
given in more detail throughout Chapter 3 on Struc
tures and Their Functions. A relevant page number 
is given at the end of each component description. 
Table 12 gives a utilitarian—not a phylogenetic— 
classification of these components and records their 
known occurrence in the genus, along with the kind 
of evidence at hand for including them. 

III. Sound Production by a Single Individual 

(a) STRIDULATION 

The term stridulation will be used in its narrow 
sense. This will confine it to sounds heard, tape-
recorded, or suspected that result from the juxta
position, with rubbing, of two anatomical parts of the 
same individual. Components in which one part is 
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tapped or vibrated ("drummed") against another 
part are placed in the next category (b). Guinot-
Dumortier & Dumortier (1960) applied to Brachy-
ura in general a nomenclature essentially the same as 
that long used in Orthoptera, where each kind of 
apparatus is divided into a pars stridens and a plec
trum. The pars stridens is typically a series of striae 
or other elevations moved against an opposable ridge 
or sharp edge forming the plectrum. In Uca the dis
tinction is often unclear or even wholly inapplicable; 
hence these otherwise useful terms will not be used 
in this contribution. 

1. Major-merus-rub. The antero-dorsal or postero-
dorsal armature on the merus of the major cheliped 
rubs against some part of the adjacent armature of 
the carapace. The suborbital crenellations, antero
lateral angle, antero-lateral margin, and perhaps the 
pterygostomian and subbranchial regions are the 
most probable structures involved. The rubbing ap
pears typically to be a back-and-forth motion, but 
the details have not been worked out; doubtless the 
direction of rubbing depends on the alignment of the 
particular underlying structure concerned. In a few 
instances, a distinctly circular direction to the rub
bing motion shows clearly in film sequences. Whether 
rubbing by the antero-dorsal or postero-dorsal sur
face of the merus takes place seems usually to depend 
on the position of the crab toward which the threat 
is directed. For example, when a potential intruder 
is passing behind a burrow-holder, the latter often 
extends the major cheliped in a lateral-stretch (p. 
479), and may simultaneously perform a major-
merus-rub; here his postero-dorsal armature rubs 
against the nearest part of the carapace, which in this 
instance will probably be the antero-lateral margin. 
Sometimes this component is performed when the 
burrow-holder is part-way down a hole, with the 
flexed cheliped and adjacent anterior carapace pro
jecting. 

In a single film sequence, showing two deichmanni 
facing each other, the crabs each made a major-
merus-rub, one after the other, repeating the alterna
tion several times without pause. This is apparently 
the only example yet at hand of antiphonal behavior 
during rubbing components. 

The strongest part of the antero-dorsal meral 
armature is always distal. This portion of the merus, 
however, can come into contact with the carapace 
only in young crabs, because of the later effect of 
allometric growth. Any other function of the region 
in mature crabs is not yet known. 

The component is so far known only in threat situ
ations. Observed frequently in the field; filmed. Pp. 
452, 457. 

2. Minor-merus-rub. Similar to the major-merus-rub 

in form and use. Details unknown. Filmed only. Pp. 
454, 461. 

3. Minor-claw-rub. The manus and chela, or the 
chela alone, of the minor cheliped rubs against the 
suborbital crenellations. Details unknown. Filmed in 
one species only {deichmanni), but observed fairly 
often in the field. P. 461. 

4. Palm-leg-rub. Structures on the anterior side of 
the first ambulatory adjacent to the major cheliped 
rub against, or are rubbed by, structures on the lower 
proximal triangle of the major palm. Known only in 
the subgenus Celuca, almost entirely by inferences 
drawn from the morphological specializations. These 
are best developed in six species. A film made by 
David Blest of inaequalis forms the only record to 
date of the structures in use. Here, between stages of 
a combat between two males, the first leg of one crab 
reaches forward and rubs against the proximal lower 
palm of his own cheliped. Pp. 458, 462. 

5. Leg-wag. Structures, principally on the meri of 
ambulatories, rub against one another (Fig. 85 A, 
B). Rarely, the first ambulatory merus also rubs 
against, or is rubbed by, the merus of the minor 
cheliped. Both sexes behave similarly, the action be
ing extremely common throughout the genus and 
usually occurring close to the mouth of the stridulat-
ing crab's burrow. It forms the most widely used 
threat pattern of females, in which this armature is 
always notably stronger than in their conspecific 
males. Often it forms part of the rejection pattern of 
unreceptive females. 

Salmon (1967) and Salmon & Atsaides (1968.1, 
1968.2) have recorded sound produced by similar 
leg motions in males of several species of Minuca 
in Florida. It appeared to these investigators, how
ever, that the vibrating legs did not come into con
tact with one another, the sound apparently being 
made by their passage through the air as they vi
brated in the dorso-ventral plane. The frequencies 
recorded also proved lower than would be expected 
from stridulatory mechanisms. The vibration oc
curred between contacts of the legs with the ground, 
which produced sounds of higher frequency (see the 
leg-stamp component, p. 484). During diurnal court
ship the vibratory motions apparently sometimes fol
lowed the curtsy component of waving display (p. 
496), just after the male had attracted a female close 
to the burrow mouth, curtsied with leg-stamps, and 
descended. At these times sounds were made that 
were similar to those recorded from leg vibrations 
made on the surface at night; because of the crab's 
position underground, however, diurnal tape-record
ings were indistinct. Nocturnal sound production oc
curred both spontaneously and by experimental elici-
tation through tactile stimuli of various kinds, as well 
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as by scratching the surface of the ground near the 
burrow with a twig. The investigators also found that 
in rapax a male sometimes increased his rate of 
sound production when another male was artificially 
stimulated. Differences among the species occurred 
in the duration of sound, intersound intervals, and 
number of pulses per second. 

In the films made in connection with my own ob
servations, leg-wagging appears in more than 20 spe
cies, but always inadvertently, since its daytime oc
currence is sporadic, sudden, and almost always of 
brief duration. It has been tape-recorded in daylight 
on the surface in (Thalassuca) vocans and (Celuca) 
lactea (Crane, 1966); both of these examples 
were males in threat situations. (PI. 47) . Finally, 
during 1969 in New Guinea (Crane, unpublished), 
video-tape-recordings were made of the leg-wagging 
of burrow-holding lactea when approached by ag
gressive wanderers; for the first time we have definite 
proof of the synchrony of leg-wagging motions with 
sound production, along with evidence of the social 
situation in which the behavior occurs. 

In fact, according to all my observations of leg-
wagging, its function in daylight, above ground, ap
pears always to be a part of agonistic behavior; often 
it appears in conflict situations. Judging by the simi
larities of sound, it almost certainly occurs as one of 
the warning signals underground in the presence of 
an intruder. Stridulations of this kind apparently 
rarely if ever play a role in normal courtship during 
daylight. However, since similar movements of the 
legs are often a part of waving display, as used in 
both threat and courtship, it is sometimes difficult or 
impossible to decide, even from a well-exposed film, 
whether the surfaces of adjacent legs actually come 
into contact, or whether the motion is ritualized, as 
described on p. 524, into a purely visual signal. The 
nocturnal vibrations described by Salmon & Atsaides 
(he. cit.) are very much faster than the slow move
ments of ritualized wagging. P. 463. 

6. Leg-side-rub. The meri of the more posterior am
bulatories apparently rub against the antero-lateral, 
dorso-lateral, or vertical lateral margins, or the 
postero-lateral striae, of the carapace. Filmed only, 
the juxtaposition showing with certainty in only one 
species. P. 463. 

(b) VIBRATION AGAINST CARAPACE 

7. Major-merus-drum. As in the major-merus-rub, 
noted under 1 above, except that the motion is a 
series of rapid blows instead of a rub. Details remain 
unclear, but the smooth proximo-anterior surface of 
the merus strikes rapidly and repeatedly against the 
carapace, apparently on the outer pterygostomian or 
subbranchial region. The sound may well be ampli
fied by the overlying airspace. All of the species so 

far known to make this motion are among those 
equipped with the deep bodies and expanded bran
chial chambers adapted for prolonged exposure to 
air. Known only in threat situations. Easy to confuse, 
during field observation and casual inspection of film, 
with the major-manus-drum (component 9, below). 
Filmed and tape-recorded. Pp. 453, 457. 

8. Minor-merus-drum. Similar to preceding compo
nent, but performed by merus of minor cheliped. So 
far observed only in males. Filmed. Pp. 460, 461. 

( c ) VIBRATION AGAINST SUBSTRATE 

9. Major-manus-drum. The proximo-ventral part of 
the manus of the major cheliped strikes repeatedly 
against the substrate. This is the first recognized and 
most familiar of the sound-producing components. It 
has been called by several terms: trommelwirbel and 
wirbel by Altevogt and by von Hagen; vibration and 
drumming by Burkenroad; rapping by Crane and by 
Salmon, Salmon & Atsaides, and Salmon & Stout (all 
references loc. cit.). All the terms refer to striking 
the ground rapidly, usually several or more times in 
a series, with the lower proximal part of the major 
manus or sometimes with the entire lower edge of the 
propodus. The term drumming will be used in this 
contribution, as the most descriptive term in English. 

In drumming, the major cheliped is usually strong
ly flexed. The only discernible morphological spe
cialization is an occasional enlargement of the proxi
mal, ventral part of the manus (Fig. 85 C). Such an 
enlargement is not present in all species now known 
to drum, and on the other hand it is strongly devel
oped in some of those forms in which drumming has 
not yet been detected (PI. 22 C) . 

Drumming is known to be used in both threat and 
courtship, both by day and by night, on the surface 
beside the burrows at night as well as partway inside. 
It has been variously described, filmed, and tape-
recorded by the investigators concerned in the stud
ies cited on pp. 480-485, as well as in the course of 
the present work. During the latter I have watched 
and photographed drumming on the surface in 
urvillei, vocans, and lactea in the Indo-Pacific, as 
well as in tanged in Portugal and Angola, and pugi-
lator, speciosa, and cumulanta in the western Atlan
tic. In addition, I now have tape-recordings which 
appear to be the result of underground drumming in 
dussumieri, coarctata, tetragonon, three subspecies of 
vocans, and two subspecies of lactea in the Indo-
Pacific. M. Flinn and I, working together, have also 
secured recordings of underground drumming in 
vocator and cumulanta in Trinidad; in each species 
recorded, the crab was drumming so close to the 
mouth of the burrow on one or two occasions that 
the vibrating cheliped was fully visible during the 
recordings; in these cases, therefore, there is no ques-
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tion that another means of sound production might 
have been responsible for the result. 

The major-manus-drum is easy to confuse, as re
marked above, with the major-merus-drum (compo
nent 7) . P. 458. 

10. Minor-chela-tap. The tips of the pollex and dac
tyl of the minor cheliped strike rapidly, several times 
in succession, against the substrate. Seen on film 
only, apparently in threat situations. P. 461. 

11. Leg-stamp. In threat situations, the dactyls of 
two or more ambulatories are turned under and the 
crab in walking raises them higher than usual and 
brings them forcefully down; known only in film, but 
in all probability sounds with a signal value are pro
duced. Similarly, in the threat movements termed 
lunges, after-lunges, and prances (pp. 479-480), 
acoustic signaling may well be involved. Finally, in 
high intensity threat and courtship, when some spe
cies lower the body in the component termed the 
curtsy, the legs during some curtsies make a stamp 
similar to that described above. Salmon (1967) and 
Salmon & Atsaides (1968.1) secured tape-record
ings of the resultant sound. They also found that 
some of the multiple pulses obtained from leg-wag
ging were preceded by single pulses marking the 
momentary touching of the ground by the legs other
wise raised during vibration. P. 463. 

(d) SOUND CONNECTED WITH RESPIRATION 

12. Bubbling. This method of sound production 
seems to be unquestionably under the control of the 
crab, and to serve as a warning signal to intruders. 
The sound is produced by bubbles of air, enclosed 
by water from the gill, that appear rhythmically from 
the efferent branchial orifices at the distal outer cor
ners of the meri of the third maxillipeds. The bubbles 
are not nearly as profuse and extensive as those oc
casionally produced by ovigerous females, perhaps 
for cleaning and aerating the eggs, and by both sexes 
in a number of grapsoids, used sometimes as a 
cleansing agent (Schone & Schone, 1963) and some
times as a regulator of body temperature (Altevogt, 
1969.2). 

At present bubbling in the current sense is known 
to occur only in maracoani (subgenus Uca). Judg
ing by the similarities of sound produced in the bur
row under similar conditions, it seems probable that 
it occurs also in Minuca. Work on this signal is in a 
very preliminary stage. It may prove to be the most 
generally distributed of all warning signals, since no 
specialization at all, except for the control of the bub
ble formation, seems to be needed. Tape-recorded in 
males. Not yet tested in females. P. 472. A similar 
mechanism has been reported by von Hagen (1968.1) 
in Ocypode and in two species of Sesarma (Grapsi-

dae). The resultant hissing (zischende) serves as a 
threat signal. 

13. Membrane-vibration. A very different signal is 
also made partly by means of the respiratory appa
ratus. Here water, or air and water, from inside the 
epibranchial chambers is vibrated against the mem
brane at the base of one or both chelipeds. Striations 
in the membranes, clearly visible only in life, appear 
to be species-specific, as are the sounds produced. 
These have been observed and recorded outside the 
burrow, when the crab was held under a dissecting 
microscope; identical sounds in response to intruders 
were recorded from within the burrows. So far, this 
vibration of the membranes has been observed with 
certainty and recorded only in males of vocator and 
rapax, both members of the subgenus Minuca. P. 
165. 

IV. Sound Produced by Contact 
between Two Crabs 

14. Claw-rub. Always by the major chelipeds of two 
males during combat. The term given here is broken 
down into distinct components and described in the 
section on combat, starting on p. 488. 

15. Claw-tap. The remarks concerning component 14 
apply. 

16. Inter digitated-leg-wag. Two males or two females 
sometimes line up beside each other, with at least the 
more distal of their ambulatory segments in contact, 
and, sometimes, vibrating. Threat situations only. 
Observed in field but neither filmed nor tape-
recorded. 

V. Characteristics of Sounds 
Produced by Uca 

It seems clear from the preceding section that acous
tic signaling devices in Uca are more varied than in 
any invertebrate group so far investigated. Because 
this study is still in its active infancy, remarks on the 
characteristics of the sounds will be only illustrative 
and accordingly brief. 

The sounds so far recorded on tape in studies of 
the genus all consist of rhythmic pulses, or groups of 
pulses, of low frequency. Examples of resultant os
cillograms appear in PI. 47. Detailed analytical work 
on sounds produced by other members of the genus 
has been done by Altevogt and von Hagen, using 
populations of (Afruca) tangeri in Spain, and by 
Salmon and his associates on a number of species in 
the United States. These investigators, in references 
cited below, agree that almost all the characteristics 
of each of the sounds vary widely. The variations 
appear in response both to temperature and to the 
social or experimental situation prevailing at the time 
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of the recording. The figures that follow were ex
tracted from the detailed data given in their contri
butions; they are presented in order to show the gen
eral nature of the characteristics involved and of their 
ranges of variation. 

Altevogt (1962) and von Hagen (1962), when 
they examined the two kinds of whirls (major-manus-
drums) made by tangeri, found the following charac
teristics. The short whirl consisted of 1 to 4 beats 
(that is, contacts of the manus with the ground), 
while the long whirl ranged from 7 to 12 beats. Each 
short whirl lasted about 0.5 second, while the long 
whirl extended over a period of 0.84 to about 2 sec
onds. The intervals between short whirls ranged from 
0.8 to 1.4 second with the intervals between single 
beats ranging only from 0.8 to 0.10 second—a nota
bly constant character. The intervals between short 
whirls were found to be equal to those between single 
waves during daylight under comparable conditions. 
In long whirls, single beats ranged from 0.12 to 0.16 
second; long whirls were not repeated at regular 
intervals. 

Salmon & Stout (1962) and Salmon (1965) 
found that in the corresponding component in 
(Celuca) pugilator the rapping (major-manus-
drums) consisted of only one type, not a long and a 
short whirl. The number of pulses (beats) in each 
sound (rapping; drumming) ranged from 2 to 11, 
intervals between sounds from about 0.3 to more 
than 5 seconds, and the rate of production from 3 to 
32 sounds per minute. 

Recently (1971), Salmon showed that these 
manus-drum sounds made by pugilator contained 
maximal energies between 600 and 2,400 Hz. In 
contrast, sounds of "honking" made by uncertain 
means (present contribution, below and p. 195), 
which he recorded from (Minuca) rap ax, contained 
maxima between 300 and 600 Hz. He also reported 
that rapax proved significantly more sensitive to vi
brations between 480 and 1,000 Hz than was pugi
lator. Additional related contributions are those of 
Salmon (1967), Salmon & Atsaides (1968.1, 1968.2, 
1969), and Horch & Salmon (1969). 

To human ears, the sounds produced by Uca fall 
very roughly into four categories: first, those of a 
rasping nature, probably resulting from conventional 
types of stridulation where one surface of a crab is 
rubbed against another; second, sounds resulting 
from the various types of vibration; third, the rhyth
mic, hollow noises that appear to originate from 
mechanisms based on the respiratory system; and, 
finally, distinct series, always from underground, of 
unknown origin. The most characteristic of these un
known noises, called honking in the description of 
rapax behavior (p. 195), is not included in the table; 
the mechanism may well prove to be one already 
listed. 

To me, it seems highly probable that male Uca of 
at least most species can make at least three different 
signals, using wholly different mechanisms and ex
cluding any acoustic signals resulting from combat. 
In some Celuca, the number is doubtless higher. The 
repertory of deichmanni, for example, includes five 
apparent acoustic signaling motions, all of which 
appear on film, although they have not been tape-
recorded. These are the major-merus-rub, minor-
claw-rub, leg-wag, major-manus-drum, and minor-
chela-tap (components 1, 3, 5, 9, and 10). It seems 
likely that one or more components, perhaps includ
ing mechanisms not yet suspected, are usually re
stricted to sound production underground. 

Although some of our tape-recordings of cumu-
lanta in Trinidad resulted from the introduction of a 
conspecific male as stimulus, others reproduced a res
ident male's drumming at the burrow mouth during 
courtship. As in the cited work of Altevogt, von 
Hagen, Salmon, and co-workers concerning other 
species, these surface drummings were closely similar 
to subsurface sounds elicited by male intruders. In 
the case of tangeri, it will be recalled, identical drum
mings on the surface by a passing male could elicit 
either aggressive or courtship behavior depending on 
the sex of the emerging burrow-holder, according to 
von Hagen (1962). In a film of the same species I 
made in Angola, an aggressive wanderer induced a 
burrow-holding male to emerge and give up his bur
row merely by drumming on the surface; no combat 
ensued; instead the dispossessed crab promptly de
parted in the creep position (p. 121). 

These examples indicate that social sound produc
tion, as with other branches of Uca behavior, is un
doubtedly ambivalent. 

E . C O M P O N E N T S O F C O M B A T A N D 

T H E I R O R G A N I Z A T I O N 

I. Introduction 

Preliminary Note. Much of this section is taken di
rectly from an earlier paper on the subject (Crane, 
1967). An exception, aside from minor alterations, 
is the description of additional components of com
bat, resulting from field work done between 1968 
and 1970. Further laboratory work has also led to a 
better understanding of the relations between indi
vidual structures on the claw and their uses in com
bat. This aspect has already been reviewed in the 
section on the morphology of the major cheliped, 
beginning on p. 456. Tables 13 and 14 show the dis
tributions of structures and components as they are 
known today. The locations of the structures are 
shown in Figs. 42-44. A contribution on results of 
the recent field work is in preparation and will be 
published separately. 
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Male fiddler crabs sometimes seize each other's 
large claws at the climax of a fight. Physical damage 
practically never occurs, although the stronger some
times flings the weaker inches away or flips him alto
gether upside down. Almost all combats, however, 
stop short of a violent finish. 

The work described below shows that most com
bats are so fully ritualized that the observer can de
tect no element of force. In these encounters the end 
activity is the rubbing or tapping of a correlated 
structure by a different part of the opponent's claw. 
Morphological specializations include ridges, tuber
cles, and other structures. 

At times the effective meeting of parts seems to be 
achieved through cooperative movements of the less 
active crab. In the most elaborate combats the com
ponents are performed by each individual in turn, 
while his partner holds still. 

Preliminary observations on ritualized combat in 
Uca were made in the Indo-Pacific (Crane, 1966). 
In some species the claws, partly engaged, vibrated 
back and forth with a clicking sound audible to the 
observer. Detailed descriptions were not secured in 
the field, although motion pictures recorded the pat
tern. In other forms, pits and tubercles apparently 
served as deterrents to forceful linkage of the cheli-
peds. These observations, made incidentally during a 
study of waving display, all showed the need for a 
concentrated study of combat. 

Such field work was accordingly undertaken in 
Trinidad during 1966. A socially advanced neotropi
cal species, rapax, was selected as the principal sub
ject; comparative observations on other species have 
begun. The results give some basic information on the 
occurrence and organization of combat. In this sec
tion are also included data on the results of a group 
of individual combats. Discussions of the functions 
and origins of combat are reserved, as for other social 
components described in this chapter, for later con
sideration. Since then field work on combat has con
tinued in the northeastern United States, in New 
Guinea, and in Ceylon. 

II. Historical Review 

The fighting proclivities of male fiddler crabs have 
long been familiar to naturalists strolling on suitable 
shores. Compared with other conspicuous fiddler ac
tivities, however, combats are so uncommon, short, 
fast, and superficially similar that it is not entirely 
surprising that their patterned complexities have been 
overlooked. The infrequent reports were only rough
ly descriptive and wholly unanalytical. Examples in
clude Pearse (1912.2); Dembowski (1925); Verwey 
(1930); Crane (1941.1, 1958, 1966). 

Intermale combat in other brachyurans occasion

ally has been reported. Observations have been made 
on ocypodids, in addition to Uca, as follows: in 
Dotilla by Tweedie (1950.3) and Altevogt (1957.2); 
in Heloecius by Tweedie (1954) and Griffin (1968); 
in Ocypode quadrata by Schone (1968). I have seen 
combats, but not hitherto reported them, in Dotilla 
and Heloecius, as well as in Scopimera, Macrophthal-
mus, and Ilyplax. Schone's contribution consists of 
an illustrated survey of agonistic and sexual display 
in a wide variety of brachyuran crabs, both aquatic 
and semi-terrestrial; his list of references is compre
hensive. His application of the adjectives "wild" and 
"irregular" to fighting without apparently formal pat
terns corresponds to part of the usage of "forceful 
fighting" in the present contribution; he reports its 
occurrence in one or more species in the families 
Cancridae, Portunidae, Xanthidae, Majidae, Par-
thenopidae, and Grapsidae, as well as in Ocypodidae. 

He reports mutual pushing with the chelipeds in a 
more formal pattern in Ocypode quadrata, a mem
ber of the genus most closely related to Uca. After 
an account of its threat display Schone continues, 
"The most common type of fight is a formalized 
interaction. The threatening crabs raise themselves 
higher, lift the first walking legs, close up, touch the 
fronts of the chelae, and push. After the push, which 
can be very short, they part, and one or both walk 
away. Wild attacks have rarely been observed." 

Schone observed similar behavior in two spider 
crabs, Mala verrucosa and Euryneme aspera. Of the 
first species Schone writes as follows: 

In the irregular fight of Maja verrucosa, the op
ponents thrust and strike with chelae and first 
walking legs. Often one seizes the other crab's legs 
and twists. This sometimes leads to loss of a leg in 
the smaller animal. A formalized type of fight has 
been observed between males, especially when the 
male defends the female during the mating period. 
The male turns against the approaching crab, 
raises the chelipeds to low-intensity threat, and 
sometimes strikes. Both crabs close to touching dis
tance and extend the chelipeds to the sides. Each 
one tries to adjust the chelipeds so that they touch 
those of the opponent over the whole length. This 
may last for several seconds. Often the pincers 
hold each other. Then the crabs press and shift the 
chelipeds forwards-upwards. The fight continues 
in the irregular manner as described above. 

Additionally, Griffin (1968) has described the 
combat of the grapsoid Hemiplax latifrons and War
ner (1970) of the grapsids Aratus pisoni and Goni-
opsis cruentata. 

None of these examples of relatively regular push
ing procedures, although they are formal in compari
son with irregular and wild fighting, attain either the 
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ceremonial character or the complexity of high-inten
sity "ritualized combat" in the sense used in the fol
lowing pages. 

Although the study of acoustical behavior in Uca 
is now progressing (ref.: pp. 480ff), the sounds of 
combat have yet to be recorded; occasionally they are 
audible to man. A review by Guinot-Dumortier & 
Dumortier (1960) on the morphology of stridulation 
in crabs gives no examples where one crab is pre
sumed to stridulate against another part of another 
individual. 

References to the concept of ritualization in ani
mals are given in the next chapter (p. 519). Ritual
ized combat is specifically discussed by Lorenz 
(1964, 1966.1, 1966.2). 

Temporary physiological conditions termed phases 
(Crane, 1958), important in combat, are described 
on pages 505 and 687. 

III. Organization of Combat in Uca 

(a) RELEVANT CHARACTERISTICS OF 

OPPONENTS IN U. rapax 

The pattern of a combat between rapax males de
pends largely on three factors: the phase of each in
dividual; the relative size of the two crabs; and the 
location—whether on the right or left side—of the 
large claw of each. 

Phase. Males engage in combat only when they are 
in either the aggressive wandering phase or the wav
ing display phase. In the latter condition they are 
always burrow-holders. Combats take place only be
tween an aggressive wanderer and a burrow-holder or 
between two burrow-holders; encounters between two 
aggressive wanderers are unknown. When a wanderer 
elicits combat from a burrow-holder irregular com
ponents are frequent and a ritualized encounter 
sometimes ends as a forceful fight. In contrast, com
bats between neighboring males are usually composed 
of highly regular, ritualized components and practi
cally never end in force. These categories and their 
results will be described beginning on p. 492. 

Relative Size. The larger crab in all combats usually 
has the advantage. It is interesting, therefore, that, in 
the majority of combats including an aggressive wan
derer, the latter instigates combat with a burrow-
holder larger than he. 

Claw of Same or Opposite Side Enlarged. In rapax 
as usual in Uca (p. 451) right- and left-clawed indi
viduals occur in equal numbers. In the total count 
given in Table 15, no tendency is shown in combat 
for instigators to approach opponents having the 
same claw enlarged as their own rather than the claw 
on the opposite side. Therefore, homoclawed and 

heteroclawed combats are about equally likely to take 
place. Table 16 shows clearly that the frequency of 
several of the components described below is affected 
by this characteristic. 

(b) COMPONENTS OF COMBAT 

In the earlier account of combat five separate rit
ualized components were recorded, only one of 
which, the heel-and-hollow, was not observed in 
Trinidad rapax. This number has now been increased 
to 15, through field observations on pugnax (sub
genus Minuca) and, in the subgenus Celuca, pugila-
tor and lactea. 

In fiddler crabs many combats can be clearly 
divided between those that are forceful and those in 
which pushing and gripping are absent. Other com
bats obviously include both forceful and non-force
ful components. In still others, particularly when the 
outer surfaces of the two mani are in contact, it is 
often impossible to determine whether or not force 
is involved. 

The components first described below will be the 
basic, forceful elements of unritualized fights. Their 
distribution appears to be genus-wide. In addition to 
their use of obviously strong pressures of various 
kinds, they are distinguished by variations in the form 
of the shoves and seizures as well as by the unpre
dictability of their sequences. They are not included 
in Table 14. 

The second group includes the 15 types of action 
now considered to be distinct, non-forceful compo
nents of ritualized combat. Since the earlier paper 
another component, there termed "taps," has been 
included as a part of each of the several other com
ponents in which it sometimes forms a climax. Sepa
rate paragraphs will, in addition, be devoted to it at 
the end of the descriptions of the regular components. 

In any ritualized combat the components are very 
rarely or never performed simultaneously by both 
crabs. The temporarily active crab is here termed the 
"actor" and his inactive opponent the "inactor." 
Parts of the claw of the actor serve as the "instru
ment" for the performance of each component, while 
correlated parts of the inactor's claw form the "fric
tion area." As shown in Table 14, each component 
involves the direct use of from three to twelve or 
more structures, almost always different, by both 
actor and inactor. 

( c ) FORCEFUL COMPONENTS 

1. Manus-push. The chelipeds are held flexed, the 
chelae partly open through slight lifting of the dac
tyls. Meanwhile the lower, smoother halves of the 
mani are pushed against each other. It is often im
possible to decide whether or not a manus-push in
cludes a rub component or vice versa. (PI. 45 A.) 
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2. Grips, Flings, and Upsets. The occasional forceful 
end of a combat is composed of irregular elements 
that appear to be largely or wholly unritualized. They 
may be grouped under grips, flings, and upsets— 
descriptive terms for actions that merge into one an
other. (PI. 45 B.) 

A grip occasionally follows an unsuccessful at
tempt by an aggressive wanderer to get into the heel-
and-ridge position; the fingers then slip beyond the 
normal position and firmly seize the base of the 
manus with one finger hooked into the carpal cavity; 
even the carpus itself may be grasped. Sometimes 
grips occur when two crabs are grossly mismatched 
in size; then the larger may seize the entire manus 
of the smaller crosswise between his fingers. More 
often the forceful component consists only of a longi
tudinal grip, with perhaps an undetected push, the 
actor then opening his fingers. Almost always the 
crabs then separate. 

The term "fling" here includes those actions, al
ways starting with a grip, that result in a skid or par
tial upset of the opponent. The momentum of the 
actor's pushing grip carries the released crab sliding 
backward, or he is thrust off balance with some of 
his ambulatories off the ground. "Upset" is confined 
to actions resulting in the complete overturn of the 
opponent onto his carapace, with all of his ambula
tories in the air. 

Both the occurrence and the progress of these 
forceful endings have so far proved to be unpredicta
ble. The following figures, gathered in the study on 
rapax, are relevant. In 180 combats in which the 
endings were adequately observed, 15 (8.3 percent) 
ended forcefully. In 14 fights the opponents were an 
aggressive wanderer and a burrow-holder; the wan
derer was larger than the burrow-holder in 7 com
bats, smaller in 6, while his identity was uncertain in 
1; homoclawed and heteroclawed combats were 
equally divided. In 6 fights the forceful component 
consisted of a grip only, 5 others ended in flings, and 
only 3 in total upsets. The burrow-holder was the 
actor both during the preceding ritualized component 
and in the grip and subsequent action in 7 combats, 
the aggressive wander in 2, 1 of them resulting in the 
eviction of the burrow-holder; in 2 fights both ritual
ized and force components were mutual, 1 of them 
resulting in the second observed eviction of a burrow-
holder; in 1 fight the action consisted wholly in the 
eviction of an aggressive wanderer that had slipped 
in while the burrow-holder was engaged with a neigh
bor. The ritualized components immediately preced
ing forceful endings were interlaces in 7 fights and 
well-developed heel-and-ridges with taps in 3; ante
cedents to the grip in the remaining examples were 
irregular or improperly observed. Finally, 5 fights 
were followed by reduced aggressiveness of the wan

derer and 2 by the dispossession of a burrow-holder 
by a wanderer. 

The single forceful ending to a combat between 
burrow-holders was very short; the slightly smaller 
instigator lightly seized the opponent's entire palm, 
then released it and went home; both crabs promptly 
resumed waving. 

In brief, about 1 in 12 combats had a forceful end
ing, usually consisting only of a brief grasp by one 
crab of the other's manus; 14 out of 15 fights were 
between an aggressive wanderer and a burrow-
holder; in most the burrow-holder was the active 
crab at the end of the fight, seizing the wanderer and 
administering the final push, fling, or upset. Forceful 
components preceded reductions in the wanderer's 
aggressiveness in 5 combats and preceded the taking 
over of his opponent's burrow in 2. These changes in 
behavior will be further discussed beginning on p. 
493 and are included in Table 18. 

(d) RITUALIZED COMPONENTS 

In the first two components below, only the outer 
surfaces of the claw come into contact; they are 
viewed as constituting the low-intensity components 
of combat behavior. In the remaining components, 
a part of each claw enters the gape of the opponent 
and they are all considered to be of high intensity. 

1. Manus-rub (Fig. 39). The outer sides of the op
posing mani are rubbed back and forth, longitudi
nally, against each other. In most species the lower 
halves are nearly smooth and it is there that the sur
faces usually come into contact. It is possible that the 
rubbing over the smooth surface facilitates the attain
ment of high-intensity components. At these times 
the manus-rub continues past the bases of the gapes 
until the chelae are in contact externally and are free 
to proceed to one or more of the following compo
nents. Tapping very rarely follows the rubbing; when 
it does so it is as distinct as in the components where 
it often occurs. 

2. Pollex-rub. An extension of the manus-rub, in 
which the outer sides of the pollices rub longitudi
nally. On the outer propodus U. pugilator has a low 
keel with an adjacent groove beside its upper edge. 
Starting on the lower distal part of the manus, the 
keel and groove continue out along the lower side 
of the pollex, well above the ventral margin. During 
both the manus-rub and the pollex-rub pugilator tilts 
the lower half of the propodus outward. In this way, 
the smoothest parts of the opposing mani and the 
full lengths of the keels are clearly concerned in the 
rubbing. 

3. Pollex-under-and-over-slide. The actor rubs the 
prehensile edge of his pollex along the ventral mar-
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gin of his opponent's pollex, from near its distal end 
to a point ranging from near the pollex base to slight
ly beyond it, on the lower edge of the manus. The 
actor then momentarily disengages. Without a pause 
he promptly slides the ventral edge of his own pollex 
along the prehensile edge of that of his opponent. 

4. Subdactyl-and-subpollex-slide. The actor slides the 
dorsal edge of his dactyl along the prehensile edge of 
his opponent's dactyl while, simultaneously, he also 
slides the prehensile edge of his pollex along the ven
tral margin of the opponent's pollex. Single points on 
the proximal half of the actor's dactyl and pollex form 
the instruments, but the slide may be along the full 
length of the opponent's chela. 

5. Pollex-base-rub. (In each of the several examples 
seen of this component a burrow-holder was partly 
down his burrow, with his flexed major cheliped still 
visible, the mano-carpal joint highest, but the pollex 
and dactyl still exposed, their tips touching the 
ground. The encounters were all heteroclawed.) The 
actor approaches the burrow-holder, the cheliped be
ing slightly flexed and the upper part of the manus 
and the dactyl being tilted toward the inside. In this 
position the actor's pollex is at a convenient height 
to reach through the burrow-holder's gape, from its 
inner side. The pollex then, with the tubercles of the 
middle region of its prehensile edge, rubs vertically 
up and down. The contact area is the flat area at the 
base of the burrow-holder's pollex. The motion in 
the examples seen was repeated in several short series 
of two or three up-and-down motions each. 

6. Dactyl-slide (Fig. 86 A). With the chelae of both 
crabs partly open, the dactyl of one moves on top of 
that of the opponent at about the middle of its length, 
more or less at right angles, while the pollex passes 
within the gape. The approach may be from either 
the inner or the outer side of the claw. Both chelae 
are by then widely opened and the pollex does not 
touch the opponent's fingers. Gentle maneuvering for 
this position may continue for several seconds. Once 
it is achieved, the rounded teeth of the actor's dactyl 
slide longitudinally back and forth along the middle 
portion of the upper edge of the opponent's dactyl. 
No force seems to be used by either crab and no 
attempt is made to use the claws as pincers, all four 
tips being at all times free in the air. Except for the 
sliding motion both crabs remain almost motionless. 
An infrequent climax is the vibratory tapping of the 
uppermost dactyl against the one held quietly be
neath it. In rapax, at least, the vibration is performed 
only by the crab with the dactyl on top. Afterward 
the two crabs break suddenly apart. When tapping 
does not occur, the encounter either breaks off after 
at most several seconds of slide or, infrequently, 

passes into component 9 or 12 below. Dactyl slides 
occur more often in heteroclawed than in homo-
clawed combat. 

7. Upper-and-lower-manus-rub. In a commonly oc
curring forceful grip, the actor seizes the opponent's 
entire manus between the prehensile edges of his dac
tyl and pollex. In this fully ritualized version, desig
nated component 7, the initial position is identical, 
but no pressure whatever appears to be used. Instead, 
the actor rubs the prehensile edges of his claw longi
tudinally back and forth at least along the dorsal and 
ventral margins of the manus and sometimes also con
tinuing distally onto the corresponding margins of 
dactyl and pollex. The timing is relatively slow and 
tapping has not been seen. In the earlier account of 
combat (Crane, 1967), this ritualized component 
was not differentiated from its forceful version, which 
was included without special comment among the 
grips, flings, and upsets. Since I became aware of this 
highly ritualized form through observaitons of pug-
nax, pugilator, and lactea, a review of the early notes 
and films of rapax has shown that it occurs in that 
species too. At the time I considered it only one more 
example of indeterminate, irregular behavior by ag
gressive wanderers. 

8. Dactyl-submanus-slide. The burrow-holder is part
way down his burrow, with the flexed cheliped 
obliquely raised, about as in component 5, the ven
tral edge of the manus being clear of the ground. 
Only three encounters are known, all homoclawed. 
The opponent-to-be, the actor, approaches with his 
cheliped flexed and the mano-carpal joint similarly 
raised, as in threat component 1. The actor then gent
ly slides the prehensile edge of his dactyl along the 
ventral margin of the manus of the burrow-holder, 
the longitudinal rub being repeated once or twice. 
The actor then stops. The burrow-holder promptly 
emerges and, reversing roles with his opponent, re
peats the motions. The former actor has meanwhile 
tilted his manus so that its lower edge is more acces
sible to the dactyl of the burrow-holder. With both 
crabs now on the surface, the necessary postures ap
peared awkward for both, but they did not hesitate 
in any of the observed encounters. In each the bur
row-holder made a number of rather slow slides. 
Then the original actor went away. The terms "in
stigator" and "aggressive wanderer" are not used, 
since in the northern species in which the component 
was observed the social situations were not clearly 
evident. 

9. Interlace (Figs. 86 D, E; PI. 45 E, F). In this com
ponent the fingers of each claw overlap the oppo
nent's manus, so that the bases of the gapes are 
almost or wholly in contact. The sequence is charac-
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teristic of heteroclawed combats although not con
fined to them. Typically the position is assumed by 
the crab that has its dactyl against the inner side of 
the opponent's manus rather than against the outer 
side, which is the position for a heel-and-ridge (com
ponent 12). In a fully developed interlace the chela 
of each crab is wide open through high elevation of 
the dactyl; the tips of both pollex and dactyl are 
wholly free from contact with any part of the oppo
nent. In this position the most proximal teeth of the 
pollex come into contact with one or both of the 
tuberculated ridges paralleling the base of the oppo
nent's dactyl and rub up and down along their course. 
At highest intensity the rub follows along the longer, 
less variable subdistal ridge that continues from the 
dactyl base down around the base of the gape and 
out along the proximal, upper, inner portion of the 
pollex. 

The climax usually consists of frication by the pol
lex teeth as just described, whereupon the encounter 
ends. This component may culminate in serial taps 
similar to those following a normal heel-and-ridge 
component but made, instead, by the basal gape teeth 
against the subdistal ridge of the manus in the inter
lace position. While a tapping finale is the normal 
end of a fully developed heel-and-ridge component, 
it is uncommon after an interlace and, as when it 
follows a dactyl slide, cannot be regarded as typical 
(p. 491). 

An interlace is usually preceded by a manus-rub 
and less often by a dactyl-slide. It also occurs in 
mutual heteroclawed encounters when one opponent, 
with the dactyl against the inner side of the other's 
manus, performs the interlace. Usually it is the tem
porarily more active crab, in passing from a low-
intensity manus-rub to high-intensity, that assumes 
the heel-and-ridge position, with the dactyl outside 
the manus; hence the second crab arrives automati
cally in a position appropriate for the interlace. 

10. Pregape-rub. This component occurs more often 
in homoclawed than in heteroclawed encounters, as 
does the heel-and-ridge (component 12). The posi
tions are similar in both, the chelae being partly 
linked with the dactyl of the actor in contact with 
the outer manus of his opponent, while his own pol
lex lies against the opponent's palm. In the pregape-
rub, however, both friction areas are near the base 
of the gape, while the movement is longitudinal, not 
vertical or oblique. The tips of the chela seem chiefly 
to be used in the rub, which has been observed clear
ly only three times, in pugilator only. Its unritualized 
counterpart is a grip, with the point of seizure in the 
same position, that occurs frequently in the genus. 

11. Heel-and-hollow. This component is known only 
in Indo-Pacific species. The degree of ritualization it 
attains apparently varies with the subgenus. Force is 

sometimes clearly involved, yet at least in lactea 
(subgenus Celuca) highly ritualized tapping some
times forms the entire component. In the component, 
the tip of the pollex is inserted in or does not pass 
beyond the hollow near the pollex base. The dactyl 
holds a position similar to that in the pregape rub or 
as in lactea, the heel-and-ridge (components 10 and 
12), since it lies against the outer manus. 

12. Heel-and-ridge (Figs. 86 B, C; PI. 45 C, D). In 
rapax and many other species the dactyl, longer than 
the pollex, curves downward beyond it. This charac
teristic proves to be of definite use in heel-and-ridg-
ing, where the dactyl arches around the curving heel 
outside the manus of the opponent. On its way to
ward the heel, the dactyl tip appears to feel its way, 
using as a guide the outer crease along the base of 
the dorsal marginal ridge. Afterward, upon reaching 
the proximal part of the manus, the dactyl tip does 
not touch the heel except during the climax to be 
described. Meanwhile the pollex, shorter than the 
dactyl and virtually straight, comes into contact with 
the oblique tuberculated ridge of the inner manus. 
The pollex teeth, in the examples where an adequate 
view or film was secured, rub up and down along the 
oblique ridge. At the climax, however, the actor taps 
the ridge rapidly three or four times with his pollex; 
on opposite strokes, when the pollex is away from 
the ridge, the teeth near the dactyl tip come into con
tact with the manus heel. At highest intensity the tap
ping is faster and of smaller amplitude; the effect is 
vibratory (p. 491). It is always the actor of the mo
ment—not necessarily by now the original instiga
tor—that performs the tapping. No attempt at seizing 
and gripping has ever been detected when the claws 
are in the heel-and-ridge position. In rapax a heel-
and-ridge may be preceded by a manus-rub or infre
quently by a dactyl-slide. Occasionally in mutual, 
heteroclawed combat a heel-and-ridge is followed by 
or alternates with an interlace. 

13. Supraheel-rub. The actor places his dactyl around 
the outside of the manus, the pollex against the palm, 
about as in the heel-and-ridge (component 12). The 
position of the dactyl is however higher, against the 
upper, proximal part of the other's manus. Here the 
distal part of the actor's dactyl makes rapid, up-and-
down rubs, different in direction as well as position 
from those occurring in a heel-and-ridge. In each of 
the few examples seen the position and motion of the 
pollex was invisible. It is possible that the positions 
assumed by the dactyl on the outer manus in the pre
gape-rub and supraheel-rub (components 10 and 13) 
are associated with the vestigial development of the 
oblique ridge on the palm in pugilator, along with its 
characteristic tuberculation, which may well be in
volved in the positions of the dactyl as well as of the 
more directly concerned pollex. 
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14. Dactyl-along-pollex-groove, The actor places the 
distal part of the prehensile edge of his dactyl against 
the groove in the proximal part of the inactor's outer 
pollex, and rubs back and forth along the groove; 
sometimes the rubbing continues into the hollow at 
the distal end of the manus. This component, only 
rarely observed, occurs in both homoclawed and 
heteroclawed combat. The position is obviously more 
easily attained in heteroclawed combats; when homo-
clawed opponents perform it, the actor tilts his claw 
appropriately. 

15. Subdactyl-and-suprapollex-saw. With the median 
and distal part of his dactyl's prehensile edge, the 
actor rubs at right angles across the distal half of the 
prehensile edge of the inactor's pollex, between the 
two large projections that often occur on the pollex 
in vocans, the only species yet known to perform this 
component. 

(e) TAPPING 

In threat and courtship behavior a number of spe
cies make drumming motions of chelipeds or legs 
against the ground, their own carapaces, or both. 
These motions all appear to form separate compo
nents. In combat, on the other hand, a similar motion 
now and then climaxes five different components, 
and is always preceded by one of them, the tapping 
occurring without a change of position immediately 
after the characteristic form of rubbing. It seems ap
propriate, therefore, not to give tapping the rank of 
a component. The five components it is known to 
follow are the manus-rub, dactyl-slide, interlace, heel-
and-hollow, and heel-and-ridge (numbers 1, 6, 9, 11 
and 12). 

An exceptional form of tapping occurs in recently 
studied populations of lactea. Here, tapping of the 
outer surfaces of the mam does not necessarily fol
low closely on any component, and often in fact in
augurates the encounter, or forms the only part of it. 
It is, in fact, elaborated and intensified to such a de
gree that it must be viewed as a separate component. 
In a subsequent contribution, now in preparation, it 
will be termed clacking. 

The following details of the more usual form of 
tapping were all assembled during the study of rapax 
in Trinidad. In this species tapping occurs most fre
quently at the end of a heel-and-ridge component. 
Sometimes it is preceded by an interlace or dactyl-
slide; rarely by a manus-rub. Always it consists of 
the rapid tapping of the dactyl or, in most heel-and-
ridge sequences, of the dactyl and pollex alternately, 
against a particular part of the opponent's claw. 
Rather slow tapping of wide amplitude is performed 
both by aggressive wanderers and by burrow-holders. 
Rapid taps of narrow amplitude are performed only 
by a burrow-holder, usually at the end of an encoun

ter beside his own hole. The several examples re
corded on motion picture film appear as blurs on 
frames exposed at 1/48 second. After tapping, a 
combat often breaks off abruptly. 

( / ) ACTIVITIES ASSOCIATED WITH COMBAT 

1. Withdrawals. Certain associated activities of com
bat may be termed withdrawals. In all, a burrow-
holder descends partly or wholly underground in the 
presence of an opponent, whether potential or actual. 
He may either refuse to respond at all to the initial 
threat of an approaching male, or he may withdraw 
in the midst of a combat, even when he has the ad
vantage of size. The reasons for these withdrawals of 
larger males are worthy of a separate investigation. 
Partial withdrawals leaving only part of the chela it
self on the surface are exceedingly common through
out the genus, and almost always occur before the 
trespassing crab comes within reach of the burrow-
holder. The various degrees of projection of the chela 
have already been included among the groups of 
threat components (p. 479). An aggressive wanderer 
may or may not make prying motions at the claw 
with his own chela (Fig. 84 D) or ambulatories, or 
may even stamp on a flat claw before passing on. 
The flat-clawed partial withdrawals appear very rare
ly if at all to occur in encounters between neighbor
ing burrow-holders, and seem most often to be preva
lent in crowded populations with plentiful aggressive 
wanderers. Counts and distance measurements have 
still to be begun. Withdrawal wholly underground al
most always occurs when the crab's opponent, 
whether an aggressive wanderer or a trespassing male 
from another burrow, is larger than he. Very rarely 
an opponent tries to dig out the burrow-holder that 
has withdrawn from an actual combat. 

A second class of withdrawals exists which per
haps should be differentiated and termed false-with
drawals, although they sometimes are followed by 
total withdrawal. A false-withdrawal is always par
tial and only apparent, since the burrow-holder clear
ly uses the upper part of his burrow as a firm foot
hold for the prosecution of a combat. Three recently 
identified components, the pollex base-rub, dactyl-
submanus-slide, and supraheel-rub (numbers 5, 8, 
and 13) in the examples seen have almost always at 
least begun when a burrow-holder has partly de
scended, leaving most of the flexed cheliped thrusting 
vertically into the air. In addition, I have seen these 
half-withdrawn burrow-holders engage most effec
tively in all classes of combat, both forceful and 
ritualized. 

2. Down-pushes. This forceful form of behavior has 
been seen in a number of species, but was observed 
in detail only four times, all ending combats in rapax. 
In each of these a crab actively pushed his opponent 
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down the latter's own burrow. Three of the combats 
were between burrow-holders, the actor using the 
low-intensity manus-push. In one of these the instiga
tor was the smaller crab; the larger pushed him back 
to his own burrow, alternating manus-pushes with 
manus-rubs. The fourth down-push marked the end 
of a meeting between an aggressive wanderer and a 
burrow-holder; the down-push was the only note
worthy part of the brief combat, which included a 
manus-rub and an irregular interlace. In this fight the 
down-push was delivered by a final grip. 

3. After-lunges. The after-lunge is included among 
the threat components (p. 479) since it appears to 
be identical with the usual lunge of pure threat be
havior. It often follows combat, apparently through
out the genus; in rapax after-lunges were counted in 
almost half the combats in which its presence or ab
sence was noted. Sometimes it follows a combat so 
closely that perhaps it should then be considered a 
component. Such distinctions between after-lunges, 
however, would be too blurred to be practical. 

4. Removal of Burrow Intruders. This behavior has 
frequently been seen in a number of species. It usual
ly occurs when a smaller crab slips unnoticed down 
the hole while the burrow-holder is engaged in com
bat. The returning crab then digs up the intruder, or, 
when the latter is small enough, thrusts his major 
cheliped down the hole and flips the little one out. 
The motions used are also found under certain con
ditions among crabs not in display phase but seeking 
burrows for shelter from the tide (p. 511). 

(g) CATEGORIES 

This section is used practically unchanged from the 
previous contribution on combat (loc. cit., pp. 62-
63). Although the figures included are all derived 
from the detailed study of U. rapax in Trinidad, the 
general statements appear to be widely applicable to 
the organization of combats in a number of other 
species. 

The preceding accounts of behavior components 
have mentioned two general classes of combats, those 
between an aggressive wanderer and a burrow-holder 
and those between two burrow-holders. The charac
teristics of each will now be considered as a basis for 
a review of combat results. Mutual combat occurs in 
both categories but will be examined more closely 
under subheading 3 below. 

1. Combats between an Aggressive Wanderer and a 
Burrow-Holder. These combats are notable for their 
irregularity, for the prevalence of forceful grips, and 
for the frequent withdrawal of a vigorous burrow-
holder from an encounter. In first determining the 
combat repertory of any species of Uca, in fact, it is 
misleading to concentrate on combats involving ag

gressive wanderers. Such descriptions might easily be 
as inaccurate as reports on the nest-building behavior 
of birds drawn from observations of individuals that 
have not fully reached breeding condition. 

Unfortunately for the observer, the combat activi
ties of fiddler crabs in this phase are often more 
numerous and certainly more easily foreseen than are 
encounters between burrow-holders. It is temptingly 
convenient to select for attention an active aggressive 
wanderer and watch him on his progress through the 
population. Such a course is usually conveniently 
marked by the threats of burrow-holders on his route. 
If his aggressive phase is well established, a number 
of combats may be thus observed. Once the repertory 
of a species is partially known, of course, the com
bats instigated by these wanderers form a rich source 
of information. 

The combats may be composed of one or most of 
the components previously described. Often, how
ever, the high-intensity components—dactyl-slides, 
heel-and-ridges, and interlaces—are imperfectly at
tained or the motions are atypical; tapping, if any, is 
of wide amplitude. 

For example, several aggressive wanderers, after 
an uneventful manus-rub, inserted both pollex and 
dactyl through the gape of the burrow-holder's chela, 
instead of inserting only the pollex. No regular com
bat development by the wanderer seemed possible 
from this position. One such contest ended with the 
burrow-holder's opening his chela wide and freeing 
himself. In another the crabs broke apart after awk
ward shaking and shoving. After each of these en
counters the wanderer departed. 

Similarly, an apparently clumsy attempt is some
times made by the wanderer to attain a dorsal-slide 
position. This the opponent thwarts by raising his 
own dactyl high. The maneuver does not happen in 
fully ritualized fights between burrow-holders, when 
the opponent usually appears wholly unresisting 
and—one is tempted to say—cooperative. When a 
slide position is obtained, the wanderer sometimes 
saws back and forth transversely across a single spot 
on the opponent's upper dactyl rather than in the 
normal longitudinal direction. 

The behavior of a burrow-holder approached by 
an aggressive wanderer is often atypical of his nor
mally aggressive display phase; this is true even 
when, as is usually the case, the wanderer is the 
smaller crab. As described under Withdrawals (p. 
491), the burrow-holder sometimes goes partly or 
completely underground either when approached or 
later in the course of the encounter. When the wan
derer has passed, the burrow-holder emerges prompt
ly and resumes display. 

In a series of 180 combats in rapax, all except one 
of the 15 forceful endings took place at the close of 
a burrow-holder's fight with an aggressive wanderer. 



COMPONENTS OF SOCIAL BEHAVIOR 493 

2. Combats between Two Burrow-Holders. These en
counters usually occur at the mouth of the burrow of 
one of the participants. In contrast to the usual pro
cedure in combats started by an aggressive wanderer, 
the instigator in this category is usually the larger 
crab. A minority of encounters between burrow-hold
ers take place on or close to the boundary between 
two territories. 

The same two neighboring crabs occasionally pro
ceed through highly ritualized combats a number of 
times during a single low tide. Sometimes a burrow-
holder seems to be attracted to his neighbor's vicinity 
by a combat between the neighbor and another crab, 
usually an aggressive wanderer. Irregularities in the 
performance of the components are rare, combats 
brief, and forceful endings practically absent. 

3. Mutual Combats. About one-third of all combats 
in the rapax series were strongly mutual in the sense 
that each crab performs at least one of the ritualized 
components. In the 154 combats analyzed in Tables 
15 and 16, mutual elements were detected in 38 per
cent of the combats between an aggressive wanderer 
and a burrow-holder, and in 31 percent of those be
tween two burrow-holders. In 87 percent of the mu
tual combats including an aggressive wanderer, the 
latter was smaller than the burrow-holder he ap
proached; this figure is higher than the proportion 
(67 percent) of smaller wanderers in the entire com
bat sample. 

In a few additional combats, which are included 
in Tables 15 and 18, an aggressive wanderer's only 
activity appeared to be the initial approach to the 
burrow-holder. After that the burrow-holder seemed 
to be the sole actor and the wanderer eventually de
parted. Similar cases were observed twice in combats 
between burrow-holders. No doubt many more such 
examples were seen than are cited in the tables; they 
are not included since the instigator's inactivity, 
whether he was a wanderer or a neighbor, could be 
only suspected because the angle of observation was 
unsatisfactory. 

The heart of the problem of instigator inactivity 
lies in the observation of low-intensity components, 
the manus-rubs. The actor or actors are especially 
difficult to detect, even in motion picture close-ups, 
because manus-rubbing is the only component in 
which mutual action can be performed simultaneous
ly by both crabs; this of course is because the neces
sary juxtaposition of parts—outer manus to outer 
manus—is much less precise than in the subsequent 
components of high-intensity combat. Even in the 
analyses of highly mutual combats, the counts for 
mutual manus-rubs are doubtless low; when uncer
tain about the mutuality of a rub, I counted it as 
absent. 

In ritualized components of high intensity—dactyl-

slides, heel-and-ridges, and interlaces—the actors 
either perform the slide in turn or exchange roles, the 
former actor holding still while the second crab per
forms the next component. Any necessary shift in 
position is made, including those demanded by a dif
ferent size of claw. Sometimes the temporarily in
active crab is not only quiescent during and after the 
shift but even appears to take a cooperative part in 
it. For example, after a slide a retiring actor brought 
his dactyl below that of his opponent, into the latter's 
gape, and then stopped moving. This left the other 
crab in the actor's position for the slide that prompt
ly followed. 

In mutual heteroclawed combats the heel-and-
ridge is performed by the individual's having his dac
tyl outside the manus, the interlace by the crab with 
the dactyl against the inner surface, as described on 
p. 490. When the second crab becomes the actor, he 
needs only to engage the claws farther, to the gape 
base, to attain fully the interlace position. 

A total of 11 heteroclawed combats were observed 
in the rapax series which included this alternate 
performance of heel-and-ridging with interlacing; one 
record was secured on motion picture film; all except 
one of these examples took place between an aggres
sive wanderer and a burrow-holder. 

Although some mutual encounters were among the 
best examples of ritualized combat, with no discerni
ble trace of force, in others aggressive elements were 
scarcely disguised. In these combats the shift from 
one actor to another was clearly accompanied by ir
regular pushing or by abruptly jerking motions of a 
claw in the midst of a component. 

(h) DURATION 

The duration of a group of combats has been in
vestigated only in rapax. Here 104 combats, of all 
classes, each observed from its beginning, were ap
proximately timed. The great majority turned out to 
be very short encounters, most of them lasting be
tween about 3 and 8 seconds, and all but 9 lasting less 
than 20 seconds. Each of these 9 continued for more 
than a minute and included high-intensity compo
nents. Proportionately more of these long combats 
occurred between right- and left-clawed crabs, more 
had mutual components and more ended forcefully 
than did short combats. 

IV. Post-Combat Behavior 

After most encounters between rapax males, the op
ponents promptly resumed their pre-combat activity. 
Aggressive wanderers passed on through the popula
tion, instigating new combats and engaging in other 
activities (pp. 487, 492, 505, and 687). Burrow-
holders, returning with equal completeness to all their 
former activities, first resumed waving. Similar 
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sequels to combat have now been observed in a num
ber of other species. 

Almost one quarter of all encounters in rapax 
which were sufficiently observed, however, were fol
lowed by detectable changes in behavior. In all the 
combats of the series, both opponents were watched 
long enough in 148 examples to form a suitable basis 
for an examination of such changes and of combat 
composition when subsequent changes did not occur. 
These alterations in behavior were of two kinds: 
either the aggressiveness of an aggressive wanderer 
was reduced or there was an appreciable delay in the 
resumption of waving by a burrow-holder. Reduction 
of aggressiveness in a wanderer and delayed waving 
by the burrow-holder never followed the same com
bat, nor was waving ever delayed by both opposing 
burrow-holders. 

Table 18 breaks down the 148 combats where sub
sequent behavior was observed into a number of po
tentially relevant subdivisions. The first column, 
headed Result, divides the group into those with be
havior unchanged, waving delayed, or aggression re
duced. In the second column, Combat Class, the 
opponents' phases and relative size are indicated, as 
in previous tables, as well as, where necessary, the 
instigator and the site of the combat. Under General 
Combat Composition selected characteristics are iso
lated; these show the relative prevalence of low- and 
high-intensity combats, forceful components, tapping, 
and mutual components. It seemed that one or more 
of these aspects of combat might be correlated with 
behavior changes or the lack of them. However, no 
clear-cut correlation emerges. For example, neither 
tapping nor mutual components preclude either a de
lay in resumption of waving or reduced aggression; 
similarly, forceful endings are not necessarily fol
lowed by subsequent behavior changes. Nevertheless, 
certain trends are indicated. 

Five points emerge that seem noteworthy in spite 
of the small samples. First, in combats followed by 
the reduced aggressiveness of a wanderer, forceful 
endings were more numerous than in combats either 
not followed by behavior changes or with a subse
quent delay in resumption of waving. Second, long 
combats were most numerous in the class followed 
by delayed waving, less so among those resulting in 
reduced aggression, and rare among encounters with 
no detectable results. Third, mutual components were 
relatively fewer in combats followed by changes in 
behavior. Fourth, tapping was usually absent from 
encounters with forceful endings; this absence is 
probably correlated with the frequently prompt ces
sation of combat after tapping. When tapping did 
occur in the course of a fight ending forcefully, sub
sequent behavior was changed. Finally, after combat 
any changes in behavior were usually shown by the 
smaller crab. 

Since the study of combat in rapax was made en
tirely in the field among unmarked crabs, few hints 
of summation were observed. When this important 
aspect is suitably investigated, summation will almost 
certainly prove to play a part in the effects of combat. 

A study comparable to the investigation of rapax 
is in preparation on combat in (Celuca) lactea. The 
most striking difference between the two species is 
the relative incidence of force. Whereas in the rapax 
series only 9 percent of high-intensity combats ended 
forcefully, in lactea the percentage ranged from 48 to 
65. Again, after the rare forceful ending in rapax 
combats the final inactor seemed never to return for 
another engagement; in lactea, on the other hand, the 
same individual often picked himself up after an up
set and came back promptly for one or more addi
tional rounds. Each of the subsequent fights often 
ended in a fashion similar to the first. As in rapax, 
occupancy of a burrow was not an immediate aim. 
Finally, in lactea, the equivalent of manus-rubs or 
-taps was a strongly forceful component that was 
almost always a major element (p. 491). Yet both 
the positions and motions were so stereotyped and 
of such an exaggerated nature that they appeared as 
ritualized as any of the complex components known 
in other species. Thus force itself has been ritualized, 
and my early definition of a ritualized combat or 
component in Uca as one in which force plays no 
apparent part breaks down. To cover the changed 
situation, I am now substituting a more satisfactory 
phrase. For the purposes of this contribution, ritual
ized combats or components lack the ingredient of 
irregular force. 

F . W A V I N G D I S P L A Y 

I. Introduction 

As the exaggerated size of one cheliped is the most 
typical morphological characteristic in fiddler crabs, 
so the "waving" of this appendage in visual display 
is unique among appendages in the variety and com
plexity of its patterns of movement. 

In this contribution, the term waving display is 
used in a general sense to include not only the mo
tions of the major cheliped, but all other movements 
associated with the waving category of apparently 
visual display. Equivocal displays that may include 
sound components, although they are mentioned be
low, will be discussed in more detail in the next 
chapter. 

II. Historical Review 

Rhythmic motions of both chelipeds have been re
ported in a number of other ocypodids. Those of 
Dotilla were described by Tweedie (1950.3) and 
Altevogt (1957.2); Macrophthalmus and Ilyoplax by 
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Tweedie (1954); and Heloecius by Ward (1928), 
Tweedie (1954), and Griffin (1968). I have also 
observed waving display in all these genera as well 
as in Scopimera (Crane, unpublished). In some of 
these forms the carapace is raised and lowered, add
ing to the conspicuousness of the behavior. In all, the 
"waving" consists of a relatively simple elevation and 
extension of the chelipeds, usually up and out, with a 
return to the rest position. In none are the entire body 
and a number of appendages also conspicuously in
volved, nor are the patterns of display as different 
interspecifically as among the various forms of Uca. 
Roughly similar motions are also known in a num
ber of other grapsoids; pertinent contributions in
clude Tweedie (1954), Schone (1961, 1968), 
Schone & Schone (1963), Reese (1964), Salmon & 
Atsaides (1968.2), Wright (1968) and Warner 
(1969, 1970), along with their respective references. 

The first author to mention waving behavior in 
Uca was Rumphius, whose account of East Indian 
fiddlers was published in 1705. He wrote, " . . . during 
ebb tide one sees it strenuously waving the largest 
claw continuously, as if it wanted to call people, and 
when one approaches it, it hides in the sand. Its name 
in Latin is Cancer Vocans and in Malayan, Cattam 
Pangel, that is, the Caller. . . . " Although Linnaeus 
(1758) adopted the Latin form as an official bi
nomial, and the common names "fiddler-crab" and 
"winkerkrabbe" came into use (e.g. Smith, 1870.2, 
Miiller, 1881), waving itself seems to have been ig
nored in print for decades. 

Finally came the observations of Alcock (1892, 
1902) and Pearse (1912.2, 1914.1, 1914.2), the 
principal early contributors, who regarded waving, 
along with colors, as a means of attracting the fe
male. Pearse's 1912 paper, however, noted that fid
dlers in the Philippines sometimes waved when no 
female was present, and in the non-breeding season 
at that. Starting about the same time, brief remarks 
on waving, also with the emphasis on the courting 
character of the display, were contributed by 
Schwartz & Safir (1915), Symons (1920), Johnson 
& Snook (1927), Beebe (1928), and Matthews 
(1930); all of these references except the first noted 
that males waved more rapidly when a female ap
peared, as did the more detailed contributions of 
Crane (1941.Iff.), Burkenroad (1947), von Hagen 
(1961, 1962), and Salmon & Stout (1962). Altevogt 
(1955.1, 1955.2, 1957.1, 1959) also favored the 
courtship interpretation of waving, while the recent 
work of Salmon (1965, 1967) and of Salmon & At
saides (1968.2), in the sections where it concerns 
waving, has concentrated on its relation to courtship. 
Meanwhile, several other observers decided that the 
primary, and probably the only, function of waving 
was to delimit territory; this view was held by Ver-
wey (1930), Hediger (1933.2, 1934), and Gray 

(1942). To Crane (1941.1, 1957, 1966) and to 
Schone & Schone (1963) waving appeared ambiva
lent; a similar view will be expanded later (pp. 501, 
517). 

The history of the descriptions of particular kinds 
of waving display is shorter. Crane (1941.1, 1943.2, 
1943.3) reported specific distinctions in the move
ments, and attempted descriptions indicating phylo-
genetic relationships among species in the eastern 
Pacific, along with a few from the western Atlantic. 
Since the early accounts of waving, descriptions have 
become more precise, with the relation of the waving 
to sound production receiving increasing attention. 
Burkenroad (1947) discussed correlations between 
waving and sound production in pugilator. Alte
vogt (1955.1, 1955.2, 1957.2, 1962), Peters (1955), 
von Hagen (1962, 1968.2), Salmon & Stout (1962), 
Salmon (1965, 1967), and Salmon & Atsaides 
(1968.1, 1968.2) have all described visual display 
in many species in detail, securing data on timing and 
its variation and on directions of movement through 
analyses of films. 

Crane (1957, 1966), also aided by films, reported 
a rough division of types of visual display into two 
categories, termed vertical and lateral waves, each of 
which was associated with a particular form of day
time courtship. Among species characterized by ver
tical waves, the male pursues the female toward her 
burrow, with or without waving; copulation takes 
place on the surface of the ground; this behavior is 
characteristic of most species in the Indo-Pacific. 
Among lateral wavers, on the other hand, the male 
in normal diurnal courtship attracts the female down 
his own burrow, which he enters first; this sequence 
Crane reported to be most characteristic of Ameri
can species. Intermediate types of display, to be fur
ther discussed below, were stated to occur, a circum
stance also reported by Salmon (1967), Salmon & 
Atsaides (1968.2), and von Hagen (1968.2). Recent 
work, as will be seen, has uncovered further com
plexities. 

Wright (1968), in a comparative study of visual 
display in semi-terrestrial crabs, observed that wav
ing displays in Uca, in spite of their variety, all fit into 
his general category of Lateral Merus Displays, but 
that the subdivisions he has distinguished in a num
ber of semi-terrestrial groups are not present. De
scribed here as the Forward-Point (p. 479), Wright's 
other principal category, the Chela Forward Display, 
occurs in several species of Uca, but only as a threat 
posture. 

The present section is confined to a description of 
the components, the organization, and the timing of 
waving display, including its associated motions. In 
addition, indications are included on the extent of the 
variations of these displays, both within and among 
populations. 
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III. Components of Waving Display 

(a) MOVEMENTS OF MAJOR CHELIPED 

1. Vertical-wave. The flexed cheliped moves up and 
down in a single plane in front of the body. In some 
cases it may strike the ground, then becoming, of 
course, an example of sound component no. 9 (p. 
483). In some Indo-Pacific species the movement 
forms the entire waving display. (Fig. 90.) 

2. Jerking-vertical-wave. As in the vertical wave, 
above, but with definite pauses that appear as jerks. 
These may be confined to several in the rising period, 
but usually one or more jerks also occur as the claw 
is returned to rest position. 

3. Semi-unfiexed-wave. Cheliped partly unflexed dur
ing wave, pushing outward and sometimes up to an 
acute angle with the front. A development of 1 or 2, 
above, with the jerks largely smoothed out. 

4. Lateral-straight-wave. The cheliped is completely 
unflexed, either straight outward or obliquely upward, 
and returned to the rest position as in 2, in a single 
plane. 

5. Lateral-circular-wave. The cheliped is again com
pletely unflexed outward, or obliquely upward, as in 
4. Instead of returning to rest position in the same 
plane, however, the claw is raised, then flexed and 
brought down to rest position from above the eyes 
and buccal region. (Fig. 91 A-D.) For the only 
known exception, see pugilator (p. 225). 

6. Jerking-oblique-wave. As in 4 or 5 but with jerks, 
the initial direction being always obliquely upward, 
not sometimes straight outward. The jerks range in 
number from one or two during the unflexing to more 
than 20; the number on the return descent usually 
does not exceed several and may be absent. (Fig. 91 
E,F.) 

1. Reversed-circular-wave. As in 5, but cheliped is 
first brought up in front of buccal region, somewhat 
like the beginning of a vertical wave. After an un
flexed high reach, it returns to rest position by being 
lowered laterally and flexed as it passes parallel to 
the ground. So far noted only in pugilator. 

8. Overhead-circling. The cheliped does not return to 
the ground during a series of waves. A development 
of component 5, it is characteristic of large, heavy 
crabs in the subgenus Uca. Here the motion, found 
only in high intensity display, is probably an aid to 
balance. Sometimes occurs in other species when a 
male is partway down a burrow, with the projecting 
cheliped continuing to wave. 

(b) MOVEMENTS OF MINOR CHELIPED 

9. Minor-wave. The minor cheliped makes a motion 
similar to that of the major. The small appendage is 

sometimes almost certainly involved in sound pro
duction during some of its motions, but often not at 
all. 

( c ) MOVEMENTS OF AMBULATORIES 

10. Leg-stretch. The crab raises its body with each 
wave, through straightening the leg joints, the crab 
being supported on the tips of the dactyls. At highest 
intensity only the two pairs of middle legs, always 
the longest, touch the ground. The high point of the 
wave coincides with the greatest elevation of the 
body. (Fig. 90 C, D.) 

11. Prolonged-leg-stretch. As in 8, except that the 
position is held throughout a series of waves. (Fig. 
90 E, F.) 

12. Leg-wave. This position is closely similar to the 
acoustical leg-wag (p. 482), two or more legs being 
raised on a side and moved up and down. Unlike the 
leg-wag, however, in leg-waving the meri do not 
touch at all, and the component is purely visual. The 
raised legs usually reach their highest point at the 
peak of the major cheliped's elevation, which also 
coincides with maximum elevation of the body. (Fig. 
88 B, C.) 

13. Curtsy. The ambulatories are momentarily de
pressed, the crab bobbing repeatedly down and up. 
Depending both on species and circumstances, the 
curtsy precedes, coincides with, or follows the peak 
of the wave, or at highest intensity may replace 
waving. 

14. Herding. A male stops display, extends the major 
cheliped laterally, or flexes it above the front, and 
approaches an attentive female. He then maneuvers 
her toward his burrow, darting and zigzagging with 
great agility, while the female just as actively seeks 
to dodge away from him. Usually he does not touch 
her until he has chivied her almost to the burrow's 
edge; if she does not escape, he then sometimes lit
erally pushes her down, following her at once. Some
times several neighboring males simultaneously at
tempt to herd a single female. 

(d) TIMING 

15. Duration of Single Waves. An important, but 
highly variable component. Discussed below. 

16. Pause at Peak of Wave. When present, forms a 
notable characteristic of the display. 

17. Pause Duration between Waves of a Single Series. 
Forms a fairly reliable characteristic only in relation 
to the tempo of the particular wave series being 
analyzed. 

18. Number of Waves in Series. Sometimes a definite 
and fairly useful characteristic, but not sufficiently 
well known to include in Table 19. 
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(e) MOTIONS ASSOCIATED WITH WAVING DISPLAY 

The preceding list includes only motions or ele
ments of timing that can be expected to add to the 
visual effect of the waving display; in general they 
increase the crab's apparent size, make him more 
conspicuous, or contribute to the distinctiveness of 
the waving rhythms. There are in addition two gen
eral kinds of motions which perhaps also contribute 
to the visual value of the display; since they belong 
to other areas of behavior, they are not included 
either in the annotated list above or in Table 20. 
These are, first, the motions, sometimes very con
spicuous, associated with sound production; a good 
example is the drumming found in some forms of 
high intensity courtship. Second are the various kinds 
of displacement behavior, at times taking visually 
prominent forms. An example is incomplete drum
ming motions, where the cheliped touches neither the 
ground nor, through the merus, the carapace. Some 
small motions of the minor cheliped, mentioned 
under visual display component no. 9, above, prob
ably also belong in this anomalous group. 

IV. Organization of Components 
in Waving Display 

Table 20 gives an idea of the known distribution of 
components throughout the genus, while Table 19 
assembles current data on the timing of the waving 
part of display. The paragraphs below will comment 
on this material. Details for each species are given 
in the systematic section. General discussion is re
served for following chapters. 

The clearest examples of relatively simple displays 
occur in Deltuca and Thalassuca; here the waves are 
very low verticals, usually in series, probably with an 
acoustic drumming component sometimes associated 
with the downbeat of the cheliped manus. The cheli
ped is never raised high or stretched out, and during 
high intensity there are no special kicks, stretches 
upward, or curtsies. Sometimes the cheliped makes 
several brief pauses during the raising of the claw, 
each giving the effect of a jerk; these jerking displays 
are usually not in series. Sometimes both simple and 
jerking waves are found in the same display. In one 
subspecies of coarctata, the display of very young 
crabs consists of jerks, while older individuals give 
simple waves. Copulation is not always preceded by 
waving; it occurs at the surface with the male follow
ing the female and patting, plucking, or stroking her 
carapace. 

Other Indo-Pacific species, particularly in Austra-
luca, Thalassuca, and Amphiuca, tend to raise the 
carapace on the stretched legs, slightly to consider
ably, either with each wave or during a series of 
waves. While all of them give a low, chiefly vertical 

wave, the cheliped is sometimes swung obliquely out
ward to a semi-lateral position during its elevation; 
this occurs when the object of the display, whether 
potential threat or potential mate, is passing to the 
side or rear. None of these shows any trace of a circu
lar lateral motion of the cheliped, nor do special dis
play movements occur before copulation. Except in 
individual bellator (Australuca), copulation occurs 
at the surface, as described above. 

In the remaining subgenera, the display is definite
ly lateral and, in its extreme form, includes high 
circular motions. Circularity is present in at least 
some part of the display in all American crabs, ex
cept in Boboruca, in which the jerking display un
folds the cheliped obliquely upward, somewhat as in 
an exaggerated Indo-Pacific vertical wave, and re
turns it in the same plane to rest position. In addi
tion, lateral-circular waves occur in triangularis and 
lactea in the Indo-Pacific, these two forms belonging 
to the subgenus Celuca, which is otherwise American. 

One point of particular interest is the occasional 
occurrence of the vertical type of wave, characteris
tic of socially less advanced forms in the Indo-Pacific, 
in the displays of highly specialized species which at 
moderately high intensities make lateral waves. Every 
lateral-waving species known to me by more than 
the briefest observation proves to have these subsidi
ary displays, always exceedingly similar to those of 
Indo-Pacific vertical wavers. Always they occur either 
during low intensity display, or among juveniles, or 
in both these situations. Often the atypical vertical 
display is combined with feeding. When moderate to 
high intensity phases of either threat or courtship 
take place, the wave form changes promptly to the 
lateral motions more characteristic of the species. 

In contrast, lateral displays never occur among the 
most typical vertical-wavers, either in young crabs or 
during periods of low intensity. On the contrary, 
whenever weakly lateral tendencies occur, they are 
elicited at rather high intensity only, when a poten
tial opponent or possible mate is passing to the side 
or rear; it is always a poorly developed, oblique, 
lateral-straight wave, tending toward component 4, 
and never a lateral-circular-wave. 

A prevalent variation with lateral-waving species 
is the frequent change with intensity from lateral-
straight waves to lateral-circulars. Sometimes the 
circularity is so slight that it becomes apparent only 
in detailed film analysis. This is especially true of 
some of the jerking Minuca. In speciosa (subgenus 
Celuca), Salmon (1967) noted the tendency for the 
wave to return to rest position in the same plane in 
a threat situation (here called a lateral-straight-
wave), and to be circular in courtship. 

In lateral-wavers, the female is attracted close to 
the burrow of the male. After intensification and 
often specialization of his display, he descends. Some-
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times she follows him below, where in completed 
courtships copulation occurs. The preliminary spe
cializations of visual display include special steps, 
stamps, or kicks of the ambulatories, rhythmic lower
ing of the carapace in curtsies, and vibrations of the 
cheliped, which are often visually conspicuous as well 
as acoustically efficient. 

Herding (visual display component no. 14) is a 
variety of courtship behavior which appears to occur 
only sporadically in the genus, and is known among 
both vertical- and lateral-wavers. When it does occur 
successfully, it must replace the precopulatory be
havior characteristic of the species. It apparently oc
curs only in certain populations, or at least is more 
frequent in some than in others. First observed in 
stenodactylus of the subgenus Celuca (Crane, 
1941.1), it is now known also in Minuca, represented 
by Florida populations of burgersi, rapax, and pug-
nax as described by Salmon (1967), as well as in 
seven additional species, as shown in Table 20 
(Crane, unpublished). Completion of the pattern, 
where the male succeeded in bringing about the de
scent of the female ahead of him into his burrow, has 
so far been observed only in stenodactylus and in 
bellator; in the latter species the entire puzzling se
quence was filmed. 

The timing of display, as suggested above, is so 
variable that it is disappointing as a refined taxo-
nomic character, while its evolutionary aspects re
main obscure. Few general statements can be made, 
in spite of the modest but well-distributed amount of 
sampling that has been done. It is true that the fast
est waves are non-jerking verticals not raised far off 
the ground. Lateral waves are, in general, slower than 
verticals, but in highly evolved species the tempo is 
sometimes rapid, as in beebei, where most waves are 
completed in less than a half-second. Slowest of all 
are the multiple jerks of rapax, which at most, for an 
entire wave, clock at about 6 seconds, and at slowest 
at the rate of only one complete wave every 18 
seconds. 

Waving in general, particularly in socially ad
vanced species, is speeded up not only by higher 
temperatures but especially by the heightened inten
sity of advanced courtship. Pre-combat threat waving 
sometimes approaches but never exceeds the speed 
of display in the last moments before a male descends 
his burrow, after he has attracted the near approach 
of a female. 

Under natural conditions waving occurs only by 
day. A correspondence between its time components 
and the rate of sound production occurs in tangeri, 
as already noted on p. 480. 

When motion picture films are analyzed, the varia
tions in timing even of parts of waves are striking. 
This remains true when the films have been made of 
waves of approximately the same intensity, in similar 

social situations, and photographed at similar tem
peratures. When different intensities are compared, 
even greater ranges expectably occur. The parts of 
waves, such as upstrokes, temporal divisions by jerks, 
duration of pauses at peak of wave, and duration of 
the downstrokes also vary extensively, as do pauses 
between waves. When populations are compared that 
are well separated geographically, the range of tem
poral characteristics is likely to be further extended. 

In some species wave counts and timings show a 
wider range in the systematic treatment than under 
the corresponding listing in Table 19. This discrep
ancy is due to the fact that the description of waving 
display includes both field notes and the results of 
film analyses, while the table is based only on film 
analyses. 

In order to obtain adequate statistical material, 
unrealistic amounts of film would need to be exposed 
with the most exacting attention to factors of ecol
ogy, breeding season, distance of population from 
limit of range, semi-lunar rhythms, tidal conditions, 
sunlight, temperature, time of day, and social situa
tion. Subsequent analysis of a caliber to uncover all 
but the grossest differences would have to employ the 
usual, time-consuming, single-frame techniques. It is 
difficult to see how the most generous and intelligent 
use of computer time could curtail the necessary pre
liminaries sufficiently to make feasible a study of ade
quate scale to give reliable data for comparative 
ethology. In short, my current conclusion is that time 
samplings, as presented in the recent papers of Sal
mon and his co-workers, by von Hagen, and in the 
present contribution should be continued at pres
ent—and only temporarily—on a very small scale, 
and that it be considered of minor importance even 
as a taxonomic tool, particularly in the study of allo-
patric populations. This course should provide extra 
time needed more immediately for basic experimen
tal work. When this research has disclosed the essen
tial factors in the timing of displays, it will then cer
tainly be feasible to collect and process adequate data 
for rewarding results. 

This program would parallel the course which 
seems currently needed in considering display color 
in Uca (p. 468). Contrary to earlier expectations, 
color has turned out to be of little use in taxonomy 
and a variable attribute of questionable importance 
in social behavior. As in display timing, both the 
physiological investigations and the experimental 
work on behavior remain to be done. 

During earlier work on fiddler crabs, I was con
vinced that waving display not only is species-specific, 
but that the characteristics most distinctive to the 
human observer hold throughout the species range. 
This conclusion undoubtedly holds true for many 
species, including several with an extensive geograph
ical range. One such form is tangeri, found from 
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Spain to Angola. In split-frame motion pictures, 
showing waving individuals from Portugal and An
gola side by side, waves of similar intensity match 
each other almost precisely. This stretch of coastline 
covers some 46 degrees of latitude. Here, with the 
possible exception of extremely rare accidentals, tan
ged is the only Uca. 

On the other side of the Atlantic, rapax provides 
a contrasting example. This species ranges from 
north-central Florida to southern Brazil, a distance 
approaching the latitudinal distribution of tangeri. 
Throughout the tropical part of its range, some local 
populations of rapax mingle with those of burgersi, 
although the latter species is found characteristically 
in biotopes that are slightly more sheltered and less 
saline. The favored biotopes of both species do show 
wide zones of merging, although as usual in such 
cases the species for which the habitat is the more 
suitable predominates. In other examples, contigu
ous populations of the two species are often in full 
sight of each other, without visual obstructions. Sim
ilar situations occur more rarely in overlapping or 
contiguous populations of rapax and mordax. 

Throughout this western Atlantic range, the num
ber of jerks in rapax is extremely high, while the 
jerks in both burgersi and mordax number only up 
to four or five, during both unflexing and flexing. In 
comparison, rapax shows at least six jerks while 
unflexing, and the more usual number approaches 20. 
(Crane, unpublished; see p. 193.) 

In eastern Florida, one limit of the range of r. 
rapax, distribution coincides for a short distance 
with that of p. pugnax, which is its allopatric rep
resentative in the temperate zone (Tashian, 1958). 
Here pugnax shows little or no trace of jerks, while 
in the north its jerks are definite (Tashian, 1958; 
Crane, 1943.3). These examples show how local dif
ferences in wave characteristics help to differentiate 
the visual displays of otherwise similar sympatric 
species. They give excellent illustrations of the prin
ciple of emphasized distinctions in zones of coinci
dence. 

The question of display intensity in Uca is both 
important and difficult. Differences result in many 
display variables, of both timing and components, all 
of which often shift gradually into one another (Fig. 
88 A, B). In spite of efforts, it has proved altogether 
impracticable to set up, for the species descriptions, 
criteria of "typical intensity." Yet, as any observer 
will agree, the species of Uca on a given stretch of 
shore can all be readily distinguished as far as they 
can be seen, providing only that the individuals are 
waving at moderately high intensity. 

There is no doubt but that eventually species de
scriptions will precisely and reliably present the es
sential features of waving display. That time, how
ever, will not come until electrophysiological work 

unites with experimental ethology in determining the 
important releasers among sympatric species. At 
present we know from experiment that the sight of 
the major cheliped under certain conditions releases 
aggressive behavior in males which are in the requi
site physiological phase. We also know that any crab 
within a size-range appropriate to the species, with
out a large cheliped and passing or approaching a 
male in suitable condition, sometimes elicits court
ship behavior (Altevogt, 1957; Salmon & Stout, 
1962; Crane, unpublished). Beyond these beginnings 
the field is clear. 

In conclusion, waving display should undoubtedly 
be regarded as species-specific, providing only that 
typological definitions are avoided and three circum
stances kept in mind. First, the observed samples of 
display in a given population must include high in
tensity courtships. Second, the waving displays of a 
number of populations must be compared through 
as wide a geographical range as possible, just as in 
the case of morphological characteristics. Third, the 
displays of the other species of Uca, living within 
sight of a given population, must be taken into ac
count; this caution is, of course, even more impor
tant in the case of closely sympatric forms. 

G. C O N S T R U C T I O N A C T I V I T I E S 

B E S I D E B U R R O W S 

I. Introduction 

A few species of Uca, along with many other littoral 
and terrestrial crustaceans, sometimes pile up some 
kind of structure close to their burrows. Examples 
are known, for instance, in gecarcinids (Silas & San-
karankutty, 1960), while the well-formed "castles" 
of certain Indo-Pacific and West African Ocypode 
sometimes make striking additions to a sandy shore. 
Linsenmair (1967) found that in Ocypode the struc
tures played an important role in reproductive be
havior, having signal functions both between males 
and in courtship. 

In Uca the structures take the form of walls com
pletely surrounding the mouth of the burrow, here 
termed a chimney, of a rough little pillar beside the 
burrow, or, in a further development of the pillar, of 
a symmetrical and smoothly arched hood; the latter 
is always concave on the side closest to the burrow. 

These structures have three features in common. 
With two known exceptions, they are erected only 
by adults, whether females or males, and at least in 
the males only by individuals in breeding condition. 
Second, construction of chimneys is sporadic 
throughout the genus. Third, pillars and hoods, al
though almost entirely confined to certain species of 
the subgenus Celuca, are absent over whole areas of 
the ranges of the species, apparently without regard 
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to ecological differences. They are also absent in part 
of a population or within populations in a majority 
of displaying individuals. Fourth, all of the structures, 
except for some material in chimneys in at least 
arcuata, forcipata, and urvillei, are made by carrying 
substrate with the ambulatories of the minor side 
from beyond the burrow to its edge, not from below 
ground. 

II. Chimneys 

In the subgenus Deltuca chimneys are characteristic 
of at least breeding females in arcuata, forcipata, and 
urvillei, and in some populations of coarctata; all 
these species are allopatric forms. The only examples 
known of constructions by young Uca are found 
among them: In Hong Kong I saw two very small 
arcuata females building chimneys. Similarly, in Fiji 
only a few young c. coarctata of both sexes built 
chimneys; no structures were found around large bur
rows. The subspecies coarctata flammula, in north
west Australia, apparently makes none at all. Chim
neys are also sometimes built by (Amphiuca) 
chlorophthalmus. In America the structures seem to 
be confined to the Pacific-Atlantic subspecies, 
(Boboruca) thayeri umbratila and t. thayeri, and to 
(Minuca v. vocator). The building behavior of 
vocator ecuadoriensis in the Pacific, if any exists, is 
not known. 

III. Pillars and Hoods (Pis. 48 B, 49) 

These two categories represent varying degrees of 
quality in the same type of structure. They are fash
ioned only by certain displaying males in the sub
genus Celuca and, in Minuca, only in minax and, 
from one observation, pugnax (p. 202). 

The distribution of the structures in lactea is of 
particular interest. Many displaying males of I. lactea 
were making large, well-formed hoods in northwest 
Taiwan in May and of I. annulipes in West Pakistan 
in June, although not in September. In north-central 
New Guinea several structures, more like pillars than 
hoods and not as high as their builders, were discov
ered during June and July in a population of I. per-
plexa; this particular group of fiddlers was subjected 
to prolonged, daily observation during the period and 
it would have been impossible for me to miss any 
additional construction activity. In spite of careful 
search from Fiji to Zanzibar, wherever displaying 
populations of lactea were encountered, no other ex
amples have been found. 

In the tropical Atlantic the structures occur in 
leptodactyla and cumulanta, and in the eastern 
Pacific, in beebei, latimanus, and musica terpsi-
chores, always in the usual scattered distribution. 

H. PRECOPULATORY BEHAVIOR 

AND COPULATION 

Under this heading are listed, first, the species on 
which observations have been made. There follows 
a consideration of behavioral components that are 
included in display—whether visual, acoustic, or 
both—in which the male appears to be directing them 
toward a particular female, and which may therefore 
be termed courtship components. Mating sites are 
then discussed along with the associated behavior of 
courted females. The section closes with a descrip
tion of the assumption of the position for copula
tion—apparently the same throughout the genus. 

High intensity courtship behavior has now been 
observed in 25 of the 62 species recognized in this 
contribution. Copulation itself was first described by 
Pearse (1914.1), who observed pugilator in the lab
oratory. Pairings on the surface of the ground that 
showed every evidence of being complete are now 
known from field observations on 20 species as fol
lows: in the subgenus Deltuca: all eight species 
(present study); Australuca: bellator (present study); 
Thalassuca: vocans (Altevogt, 1955.1, 1955,2, 
1957.1; present study); Amphiuca: chlorophthalmus 
(present study); Boboruca: thayeri (present study); 
Afruca: tangeri (Altevogt, 1959; von Hagen, 1961, 
1962; present study); Uca: stylifera (Crane, 1941); 
maracoani (Crane, 1958; present study); Celuca: 
pugilator (Burkenroad, 1947; Salmon, 1965); beebei 
(Crane, 1941); stenodactylus (Crane, 1941); lactea 
(Altevogt, 1955; Feest, 1969); Minuca: vocator 
(von Hagen, 1970.3). For a general account of mat
ing in the Brachyura, see Hartnoll, 1969. 

Caution is always needed in attributing to normal 
courtship any display component or other activity. 
In the displaying portion of a thriving population the 
individuals are constantly reacting toward neighbors 
and nearby wanderers of both sexes. Under these 
conditions both conflict and displacement behavior 
are sometimes prevalent. Consequently difficulties 
arise in interpretation, particularly but not exclusive
ly when the species or subspecies is poorly known 
and observation time is limited. 

Special caution is also needed under crowded con
ditions when it is not known whether or not the male 
in that particular taxon sometimes or usually courts 
with the dorsal part of his carapace directed toward 
the female. When he does so, the carapace is tilted 
more or less vertically, exhibiting a conspicuously 
large area. I have seen this posterior orientation used 
by males at least rarely in one or more species of 
every subgenus, and its use may be a general com
ponent characteristic of the genus; its prevailing use 
seems to lie in first attracting the attention of a pass
ing female, especially when the male is already en
gaged in a threat display toward another male in 
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front of him. In such cases the male sometimes then 
swings around and proceeds with characteristic fron
tal courtship behavior. In other examples the rear 
view is presented to a passing male. In a few species, 
however, notably (Thalassuca) vocans and (Celuca) 
beebei the male vigorously displays so often with the 
female behind him that it must be considered a regu
lar part of the species-specific courtship pattern. In 
these exceptional cases display toward the rear has 
been observed in the field when no other individuals 
of either sex were nearby except for the courted fe
male—a situation giving, of course, the most reliable 
evidence of a component used in courtship. I have 
also seen it in the New York crabberies when 
(Minuca) minax displayed in this fashion a number 
of times when no other crabs shared the tank with 
the single pair under observation. 

Most display components as mentioned earlier are 
ambivalent (p. 495; Fig. 95) . In the great majority 
of species a burrow-holding male increases the tempo 
of his display whether he is threatening another male 
or directing his activities toward a particular female. 
Not only does he wave faster, but his display motions 
are usually accentuated, the cheliped reaches higher 
into the air, and the wave when of a lateral type be
comes more spacious, the form of the change depend
ing on the shape of the wave at low intensities. The 
change often proceeds from a straight lateral motion, 
as in speciosa, in which the claw returns to the flexed 
position through the same arc at which it was ex
tended, to become at high intensity definitely circular. 
If the wave is already somewhat circular, with the 
tip of the chela sketching ovals in the air, the narrow 
diameters become broader while pauses between 
waves are shortened; in (Uca) maracoani and its 
allies the ovals at high intensity become almost fully 
circular and continuous, with the chela tip directed 
almost straight upward (Fig. 88 C) . Some specific 
characteristics of low-intensity waves are accented, 
either through prolongation of a pause at the wave's 
apex or increased speed in a vibratory component. 
Sometimes, as in lactea, the wave is elided altogether, 
being replaced by other motions. In a number of 
Celuca major-manus-drumming or its ritualized 
counterpart, then not acoustically functional, also in
creases in prevalence. All of these signs of high-
intensity display are changed little or not at all when 
unequivocal courtship is under way. 

In contrast, only several components of waving 
display appear to be restricted to courtship. The only 
widespread example is the curtsy, as it occurs in 
(Afruca) tanged and in several Celuca. In Minuca 
this component is also present in the repertory of 
several species, but in each it is ambivalent. Another 
courtship component of waving display is the quiver
ing of the outstretched first ambulatories in oerstedi; 
their anterior surfaces, along with contiguous parts 

of the carapace and buccal regions, are bright blue 
to human eyes and particularly conspicuous. A third 
courtship component is the vibration of the stiffened 
ambulatories on the major side in saltitanta, just be
fore a male precedes an attracted female down his 
burrow; whether or not the motion produces sound 
is unknown. Finally, a special development of display 
toward the rear seems, at least in beebei, to be char
acteristic of courtship alone; in this species the male 
revolves in front of the female; only from the rear 
is the vivid green on the carapace visible, along with 
the purple aspects of the legs. Unfortunately, this 
juxtaposition of color and motion remains only a 
challenge for future work; experiments on the possi
ble role of color in the social behavior of Uca have 
not yet been undertaken. 

The well-substantiated cases where sound plays a 
definite part in the final stages of courtship are con
fined to {Afruca) tangeri, (Minuca) pugnax, (Celuca) 
pugilator, (C.) speciosa, and (C.) cumulanta. In 
these examples sound tapes have been secured dur
ing well-established instances of courtship. The work 
with tangeri was reported by Altevogt (1962) and 
von Hagen (1962), with rapax, pugilator, and speci
osa by Salmon & Stout (1962) and by Salmon 
(1965, 1967), and with cumulanta in the present 
contribution. The results in tangeri and pugilator are 
discussed by Salmon & Atsaides (1968.2), as well as 
in the systematic section of the present contribution 
under each of the species concerned. Altevogt, von 
Hagen, and Salmon and his co-workers consider that 
the sounds they recorded were wholly or partly con
cerned with courtship, particularly at night. The ex
amples of sound production with which I am famil
iar, whether recorded or inferred through stridula-
tory or drumming behavior of the individuals, were 
for the most part made during agonistic or, at most, 
ambivalent situations. The matter is further dis
cussed under sound production (p. 481); see also 
under tangeri in the systematic division (p. 121). 

The methods of proven sound production that are 
certainly used at times in courtship consist of major-
manus-drumming in tangeri, pugilator, and cumu
lanta, and of leg-wagging in pugnax. Proved use of 
sound in the final stages of courtship is to be expected 
in many other species, but to date the evidence is 
observational only; sound tapes secured from activi
ties of other species were made either during poten
tially ambivalent situations on the surface or when 
the crabs were underground, with no evidence avail
able as to the particular stimulus situation, if any, 
that elicited the sound. It should also be pointed out, 
as stated under the descriptions of display behavior 
in a number of species of Celuca, that a number of 
my early descriptions of drumming ("rapping") with 
the major cheliped in courtship situations were based 
on faulty observation. When the films were analyzed, 
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the motions were found to consist wholly or partly 
of ritualized drumming, with the cheliped not com
ing in contact with the ground. In other cases mero-
suborbital contacts, not drumming on the ground, 
were products of the observed vibrations (pp. 226, 
244, 245, 483). 

In three of the nine subgenera copulation appears 
always to take place on the surface near the female's 
burrow. These groups, all confined to the Indo-
Pacific, consist of Deltuca, Thalassuca, and Amphi-
uca. In the fourth Indo-Pacific subgenus, Australuca, 
copulation seems characteristically to occur at the 
surface, but several times a male was seen to edge a 
female more or less forcibly toward his burrow and 
push her down ahead of him. 

In the remaining subgenera—Boboruca, Afruca, 
Uca, Minuca, and Celuca—circumstantial evidence 
indicates that the crabs habitually copulate under
ground in the burrow of the male, after the female 
has been attracted by waving display and, sometimes, 
by sound production. Copulations that appear com
plete occur rarely at the surface in each of these 
groups. (Notably, in [Minuca] vocator von Hagen 
[1970.3] found surface copulations to be prevalent 
in certain populations that inhabited areas where 
dense vegetation restricted vision.) The majority of 
copulatory positions attained, however, are imper
fectly oriented or the assumption of position is in
complete; in particular the abdominal flaps of one or 
both partners fail to be extended away from the 
sternum. These pairings appear to break off pre
maturely, and most often represent attempts at copu
lation by aggressive wanderers (see below). Incom
plete surface copulations apparently occur less rarely 
in the subgenera Afruca and Uca than in Minuca and 
Celuca. 

Nocturnal copulation at the surface appears to be 
usual in eastern United States populations of pugila-
tor and pugnax and in Spanish populations of tangeri 
(Burkenroad, 1947; Salmon & Stout, 1962; Salmon, 
1965, 1967; Salmon & Atsaides, 1968.2; von Hagen, 
1961, 1962); in these species nocturnal sound pro
duction is prevalent, replacing waving. 

One continuing need in the study of Uca's court
ship behavior and copulation is the use of infrared 
instruments during observations at night. There is no 
question, thanks to the contributions just cited, but 
that nocturnal courtship does occur in at least tem
perate populations of the listed species. These 
authors have all also reported actual copulation at 
the surface. Males of all these species, however, dur
ing the day attract females underground, matings at 
the surface being certainly rare, except in von 
Hagen's report of Spanish tangeri (see present con
tribution, p. 120). It seems possible that at least 
some of the reported pairings above ground at night 
are incomplete copulations performed by wandering 

males, or with females not wholly receptive, as occurs 
also at the surface during daylight. Use of adequate 
infrared illumination, now available but apparently 
not yet used by observers of Uca, should settle the 
relative numbers of complete and incomplete copula
tions in darkness. 

The point is, of course, of particular interest in 
relation to the apparent advantages of underground 
mating; with temperate species the short breeding 
season may be offset by the addition of nocturnal 
reproductive activity (see Salmon, 1965, and pres
ent contribution, p. 176). If so, it is difficult to 
understand why sound could not wholly replace wav
ing, attracting females underground instead of only 
to the vicinity of the males' burrows; undoubtedly 
sound in some species of Minuca and Celuca, both 
temperate and tropical, almost or wholly replaces 
waving in daytime in the final moments before the 
male descends and the female follows. The final 
selective step, it seems, could well have been taken 
long ago, with mating underground following acous
tic components of courtship. 

The behavioral role played by females in courtship 
remains largely unknown. The most prevalent and 
conspicuous form of female courtship behavior is the 
wandering stage of receptive individuals. This activ
ity does not seem to exist in Indo-Pacific subgenera, 
in which the male characteristically does not attract 
the female to his own burrow but instead approaches 
and mates with her on the surface. In Afruca, Uca, 
and, especially, Minuca and Celuca, on the other 
hand, the great majority of courtship activity is di
rected toward wandering females (PL 50). The situa
tion in Boboruca varies and needs further observa
tion. In exact contrast to wandering males it is the 
wandering females that are always, and, in some spe
cies at least, uniquely responsive to the male's court
ship display and that eventually sometimes follow 
him into his burrow underground. In species where 
the pattern is best known and, perhaps, best devel
oped an experienced human observer can detect a 
receptive female at a distance without binoculars, not 
merely by the increased intensity of the display of 
the males among which she passes (p. 495) but by 
her own movements. Her progress is characteristi
cally in short spurts, often somewhat jerky, with her 
body held low on the ground and her ambulatories 
little extended. This is the opposite of her non-recep
tive posture where the legs are spread stiffly and the 
body raised high; it will also be noted that this atti
tude is closely similar to that of a male in submissive 
posture, as when a non-aggressive wanderer passes 
close to a waving burrow-holder (Fig. 84 C) . 

A wandering female often progresses for many 
yards through displaying populations, sometimes not 
pausing at all, but eventually stopping to feed and 
perhaps take over an empty burrow far from where 
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she was first observed. Usually her course zigzags, 
as she dodges among groups of males excited by her 
passing. Sometimes she is briefly attracted by an in
dividual male, as shown by her pausing and perhaps 
approaching closer to his burrow. Less often she 
approaches closely enough to elicit any high-intensity 
courtship component in his repertory before he de
scends his own burrow; usually the female then 
moves on; rarely she follows him below. If she does 
so she usually remains only a few seconds; this stay 
is presumably not enough for successful copulation, 
judging by the longer periods observed at the surface. 
Very rarely the male plugs up the burrow after the 
female has descended and neither crab emerges dur
ing the remainder of that period of low tide. 

In the subgenera confined to the Indo-Pacific the 
females are far less active and wandering seems to 
be minimal or absent. Sometimes individual pairs 
maintain adjacent burrows for several days or more; 
in a population of chlorophthalmus in New Guinea 
the record for a single pair was four weeks—from 
one new moon to the next. In that population, as 
well as in others of the same species, of dussumieri, 
and of coarctata, courtships were observed repeated
ly between members of the same pairs of neighboring 
residents. This behavior occurred on two or three 
successive days during favorable semi-lunar periods. 

In all the subgenera a male is often stimulated to 
intensive display by a nearby female that suddenly 
emerges from a burrow and moves, even when nor
mally feeding, either briefly toward a male or past 
him. Under these conditions the male's burst of ac
tivity is usually short. 

We still know almost nothing of the requirements 
for receptive behavior in the female. Feest (1969) 
published a study on the ontogeny and sexual biol
ogy of triangularis and lactea annulipes in southern 
India. Information on the physiology of reproduc
tion is not included, but clear data are presented 
showing peaks of copulation and egg-bearing around 
new and full moon. In triangularis maxima occur in 
July and October, during each of the monsoons; 
/. annulipes, she found, breeds throughout the year. 
Data are given on numbers of surface copulations 
observed in the field between March and May in 
/. annulipes, in relation to the moon, hour, tides, and 
weather, but, as the author states, the table serves 
to indicate days on which strongly increased sexual 
activity was observed in the males. The question of 
completeness of these surface copulations and a de
scription of any special activity of the females are 
not included in the discussion. Both early and recent 
contributions on other species, principally those of 
the temperate zone, only indicate that breeding sea
sons reach peaks in the earlier parts of the northern 
summer; no precise work has yet been carried out 
(p. 441). All observers agree that in Uca females 

mate when the carapaces are hard; this is in contrast 
to some other brachyurans (Hartnoll, 1969 and 
refs.). 

Ryan (1966) recorded for the first, and appar
ently only, time the occurrence of a pheromone in 
decapods, a swimming crab in Hawaii. He concludes 
"these experiments indicate that a pheromone in the 
form of a sex attractant permits males to detect the 
premolt condition of P. sanguinolentus females. This 
does not eliminate an important role of submissive-
ness or other behavior on the part of the female in 
mating. These experiments also indicate that the 
pheromone is released through the excretory pores. 
Origin of the pheromone, its chemical nature, and 
the way it is detected by males remain to be deter
mined." 

On the basis of my observations both in the Trini
dad crabberies and in the field it seems likely that 
a similar mechanism may operate throughout the 
genus Uca. Two facts are suggestive. First, in the 
crabberies individual adult females of maracoani, 
chlorophthalmus, and dussumieri, after spending sev
eral days underground, emerged from marked bur
rows slightly larger than before but with hard cara
paces. It was these individuals that caused intense 
courtship activity by conspecific males which were 
also well established in the crabberies and individ
ually known through carapace markings. The sec
ond suggestive fact is that in both vocans in Fiji and 
lactea in New Guinea, males sometimes herded fe
males (p. 496); when I captured these females, all 
proved to be slightly immature; the examples exam
ined totaled about seven in each species. In New 
Guinea I kept additional, herded, immature lactea in 
our small field crabberies for more than a week (un
til our departure terminated the work) in the hope 
that these individuals would molt; although they did 
not do so, this circumstance is without value because 
of inadequate conditions in the crabbery. 

Judging by the examples seen of copulation at the 
surface, the position assumed appears identical 
throughout the genus. Once the two sexes have come 
into contact, the subsequent pattern consists of two 
stages. First, the male climbs the carapace of the fe
male from the rear. The female, when receptive, re
mains in a more or less normal rest position with her 
carapace horizontal; her legs are bent and held close 
to the body, which almost or quite touches the 
ground. The male advances until his front is at least 
at the level of her mesogastric region. With his minor 
cheliped he usually taps or strokes the anterior part 
of her carapace and often plucks at it. In females 
having pile in the area at least some of the motions 
are directed toward this pubescence; when pile has 
been abraded, or when it is not characteristic of the 
species, the male often makes precisely similar mo
tions; observations have been insufficient to deter-
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mine the patterns more definitely; it is nevertheless 
certain that whether or not pile is present and 
plucked at, or whether the female's carapace is clean 
or muddy, the male often carries his minor cheliped 
toward his buccal region, making feeding gestures 
that are sometimes complete and sometimes show 
the incompleteness often found in ritualized patterns. 
The male's ambulatories, either singly or in various 
combinations, meanwhile almost always make strok
ing or tapping motions. (Fig. 89 B, C.) 

In the three eastern Pacific species—stylifera, bee-
bei, and stenodactylus—in which I have seen copu
lation at the surface, the female's ambulatories also 
rubbed against those of the male. I have not ob
served these species during copulation since original
ly describing it (1941.1), and it seems likely that 
the female's motions in each case were actually part 
of her non-receptive pattern; perhaps they included 
agonistic stridulation (p. 484) against the ambula
tories of the male. 

After some seconds or minutes of stroking, pluck
ing, or tapping with the minor chela, the male turns 
the now quiescent female upside down and holds her 
at an angle to the ground while the abdominal flaps 
of both individuals project from the sterna. In all the 
examples I have seen the male both turns and holds 
the female with his ambulatories alone, the major 
cheliped being held flexed, in rest position. Altevogt 
(1955.1, 1955.2), in contrast reported that male 
vocans used the major cheliped to seize the female 
and hold her in place; later both Altevogt (1959) 
and von Hagen (1962) saw the claw similarly used 
in tangeri while Darwin (1871) speculated that some 
such use would be found for the major cheliped. It 
seems likely that the instances observed by Altevogt 
and von Hagen were examples of the unusual behav
ior that crops up so frequently among aggressive 
wanderers (pp. 507, 687). 

Only the tips of the gonopods are inserted in the 
gonopore and, in the species where the thumbs are 
reduced and arise far down the shaft, it seems that 
these elements cannot be functional; it is worth not
ing that variation is usually characteristic of thumbs 
in these positions. 

In surface matings the crabs remain in contact 
for periods ranging up to an hour or more (von 
Hagen, 1962 and present study). Sometimes, for 
whatever reason, the copulating position is held for 
only a minute or so. Pairs in which the gonopods 
are apparently fully engaged can sometimes with 
care be approached and picked up. 

The form that copulation takes underground is 
unknown, since the necessary arrangements for ob
servation in crabberies have not been performed. 

I have seen ovigerous females copulating, particu
larly in vocans, and spermatophores are often found 

in place in preserved ovigerous specimens through
out the genus. 

I. RHYTHMS OF SOCIAL BEHAVIOR 

The effects of temperature, tides, rainfall, and light 
on activity in Uca were discussed in an earlier chap
ter (p. 440). Here their social aspects will be re
viewed. Social activity throughout the genus is large
ly confined during the daytime to several hours 
before and after low tide. As the water begins to ebb, 
almost the only activity of all members of the popu
lation is feeding, with, sometimes, minor excavations 
of the burrows from which they emerged. Although 
some individuals continue waving display until the 
water almost touches them, most again feed and 
deepen the burrows during the last hour or two of 
rising tide. Some species attain the peak of their 
waving activity at least an hour before low water; 
others are most active shortly after the tide has 
started in. 

Social activity at night never includes waving dis
play, but at least some species substitute acoustic 
components during nocturnal courtship (refs. on p. 
504). The hours before midnight are, so far as 
known, those during which most acoustic activity 
takes place. 

Acoustic responses from within the burrow to an 
intruder have been elicited experimentally by day as 
well as by night in a variety of species (p. 481). 

Intermale combat of all kinds seems to peak dur
ing the day, about an hour earlier than waving dis
play for the species; in any case it virtually vanishes 
within an hour after low tide. Neither combat nor 
threat behavior has been directly reported at night, 
although von Hagen (1962) reports the emergence 
of male tangeri at night in response to surface drum
ming by another male. 

Recent laboratory work on endogenous circadian 
activity rhythms (Barnwell, 1968.2, and refs.) shows 
that a maximum is apt to come in the morning and a 
second, minor peak around sunset, with minimal 
activity in the early hours of the afternoon. This re
sult agrees with my field observations (Crane, 1958, 
and later, unpublished); these indicate that when 
low tide occurs between about 1300 and 1600 social 
behavior is less than on other days, even when all 
other factors, such as temperature, are favorable. 

It also agrees with observations of Altevogt, of 
von Hagen, and of Salmon and his associates on the 
beginning of nocturnal acoustical activity at dusk, 
although this can also be interpreted as a response 
to decreased light. Experimentally these investiga
tors have induced the diurnal substitution of sounds 
for waving merely by covering a visually displaying 
male with a box (Salmon & Atsaides, 1968.2, and 
refs.). 
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A few field and crabbery observations show in ad
dition that a pre-sundown period of increased wav
ing sometimes occurs when the tide is low at that 
time. Both Altevogt (1957.1) and I have noted it 
in vocans, in India and Fiji, respectively. Pre-sun
down waving is particularly evident in at least Trini
dad populations of thayeri, where I have checked it 
sufficiently often to be certain of its regular occur
rence. I have also noted it sporadically in a number 
of other species, in several subgenera. U. thayeri is 
one of the forms in which the peak of waving activity 
occurs, when the tide is favorable, as early as 0700 
to 0800. 

In general, the period of maximum social activity 
takes place fortnightly when low tide falls during the 
full daylight hours between about 0800 and 1200. 
On many shores, where the tides are those charac
teristic of many, rather even, continental coastlines, 
this period begins a day or two after new and full 
moons. Because of the simultaneous occurrence of 
both a response to the ebbing tide and to change of 
light, it now seems feasible to eliminate the idea of 
a third, semi-lunar factor to explain the high degree 
of social activity when low tide falls in the morning; 
mutual reinforcement of circadian and tidal endog
enous rhythms appears a sufficient explanation. 

It is worth noting that representatives of more 
than 20 species maintained a fortnightly rhythm 
when they were kept for weeks on an unnatural tidal 
schedule. The phenomenon was observed in crabber
ies out-of-doors in Trinidad. Although the water 
level was lowered only once a day, during the morn
ing, and raised in the afternoon, the peak of waving 
and other social activities still occurred on days close 
to full and new moon. The conditions and observa
tions were not sufficiently continuous and complete 
to warrant formal presentation here. The effect, how
ever, was so reliable that it was used to schedule in 
advance concentrated periods for observation of 
waving by individuals flown to Trinidad, over a 
period of five years, from overseas. The crabs came 
from the eastern Pacific, Japan, and the Philippines, 
all, by chance, from shores where spring tides, fol
lowing new and full moons, occurred in the morn
ing. All the fiddlers accommodated within a few days, 
as usual, to both the local light cycle and to the sin
gle low-water period provided every morning. For 
weeks, and, in a few cases for almost a year, they 
continued to show clear traces of the fortnightly 
rhythm in their waving display, courtship behavior, 
and construction of towers or pillars on the edges of 
the holes. This effect corresponded to that already 
reported (Crane, 1958) in the same Trinidad crab
beries when maracoani and other local species were 
provided with normal tidal cycles. 

Investigation of rhythms in populations from 
shores with single, diurnal tides and from those with 

minimal tidal effects are now beginning to be made 
(Barnwell, 1968.2 and refs.). 

In the tropics social behavior, including reproduc
tion, continues all the year around, unless it is locally 
impeded by monsoon floods, as in southeast Asia, or 
by drought, as for Minuca in some parts of the neo-
tropics. Here, when conditions are favorable, the 
crabs emerge and feed, but they often do not wave 
at all for weeks at a time, while combat and other 
forms of social behavior are minimal or absent. In 
the subtropics such as in the southern half of Florida, 
social behavior is strongly reduced or absent only 
during the winter. In at least some subtropical popu
lations, combat and occasional waving appear sea
sonally before courtship, as was shown in inversa 
when a population was observed in Mozambique in 
late August, at the species' southern limit (Crane, 
unpublished). 

In temperate populations the actual breeding sea
son is apparently restricted to one or two months, 
although waving and incomplete courtships extend 
throughout warm weather. Adequate data are still 
not available even for the northeastern United States. 
During the summer of 1968 I observed the onset 
and development of social behavior in pugilator, on 
the northern boundary of its range. Waving appeared 
in some individuals at or soon after on their first ap
pearance following hibernation, at the end of May; 
yet throughout the breeding season, ending in early 
August, combat behavior was almost lacking, except 
for a small amount of burrow seizing from small 
crabs by larger individuals; the minimal, ritualized 
combat between males peaked in mid-June, as did 
the infrequent waving displays and high intensity 
courtships. Non-social activities, however, including 
feeding, burrowing, and quickness of response to 
moving objects appeared altogether normal. 

J. PHASES OF SOCIAL BEHAVIOR 

In addition to the rhythms described above, all trop
ical fiddler crabs sufficiently studied prove to have 
individual, endogenous phases which pass from be
low-ground inactivity through one or more days of 
unusually long periods of feeding and passive sitting 
to a wandering phase. This is succeeded by at least 
two social phases, that of aggressive wandering and 
that of waving display and mating in association with 
a particular burrow. Each has been already charac
terized in detail in preceding sections on combat, 
waving displays, and copulation. An intermediate 
phase, marking the onset of territoriality but with
out waving, is present or absent. When present, it 
may be demonstrated only during part of a single 
period of low tide. These elements are known in 
moderate detail only for maracoani (Crane, 1958 
and Figs. 92, 93), but all of the elements have been 
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exhibited, both in the field and in crabberies, by ex
amples of all the subgenera. The phases are recur
rent, and of such brief duration, at least in the trop
ics, that they cannot be due simply to the seasonal 
state of the gonads. It may well be that in the tem
perate zone, where the breeding season is short, no 
such differentiation exists. The point obviously needs 
study. 

Under crabbery conditions, dominance hierarchies 
are held at most for a few days. Crabs at the top of 
the day's hierarchy are almost always in full display 
phase, in which the crab waves and defends a terri
tory. Only when in this phase does a male copulate, 
although males in the phase of aggressive wandering 
often try unsuccessfully to do so. The burrow held 
by a waving crab is then often the center of combat 
between the two; occasionally the wanderer seizes 
the burrow, but if so, he soon abandons it. Males at 
the peak of a display phase sometimes continue to 
wave vigorously at times of the day when other mem
bers of their species are inactive. 

Crabs in the non-social phases are unaggressive, 
move about with the body held close to the ground, 
and sometimes remain secluded for days in their bur
rows. These periods underground are only rarely as
sociated with molting. 

Accumulating examples indicate that capturing 
and handling active crabs, whether they are aggres
sive wanderers or displaying individuals, sometimes 
alters their subsequent behavior, changing their 
phase to one less active socially. 

Droving, rare in the genus as a whole, shows inter
mediate characteristics. The participants are obvi
ously in a phase at once non-aggressive, non-territo
rial, and non-waving; yet the movements, somewhat 
synchronized as they are, are unmistakably a form 
of social behavior. 

A final phase variation needing comment has been 
only briefly observed in the Indo-Pacific. Rare indi
viduals, showing every other sign of being aggressive 
wanderers, wave as they walk even when nowhere 
near a burrow they have occupied. Altevogt first re
ported such behavior in vocans in India (1955.1, 
1955.2). I have also seen it in vocans in Zanzibar, as 
well as in dussumieri in the Philippines and in urvil-
lei in Zanzibar. The two subgenera concerned are 
Thalassuca and Deltuca. 

K. U N U S U A L B E H A V I O R 

The term unusual behavior may perhaps serve less 
inaptly than some other heading for this section, cov
ering the range of examples better than abnormal 
activities, for instance, or irregular patterns. Still, the 
choice is really a catchall to cover our ignorance. 
Once we understand the circumstances under which 
an activity occurs, even if the function remains ob

scure, the bit of pattern usually fits into the etio
logical scheme. Also, once we have learned some
thing about it, we may meet it often, as with a new 
word mastered and adopted with enthusiasm. 

A good example is the "posing" of fiddler crabs. 
Observers now and then come upon a Uca that 
spends many minutes without moving and is unusual
ly slow to take flight. The individuals most likely to 
attract attention are large males as they stand beside 
their burrows, bodies raised, major chelipeds ex
tended up and out, and their carapaces tilted toward 
the sun. Almost any population visited several times 
will yield at least one conspicuous example. A num
ber of writers (Pearse, 1912.2, 1914.2; Crane, 
1943.3; Altevogt, 1957.1; von Hagen, 1962) com
mented on the habit. Pearse's suggestions that it 
might be a threat posture or part of courtship proved 
unsatisfactory and the behavior remained unex
plained. Jansen (1970) has now found that posing, 
at least in temperate zone populations of U. tangeri, 
occurs before the molt, and summarizes his findings 
in part as follows (p. 58) : 

The concentration of the hemolymph is correlated 
with external factors (salinity, temperature) and 
the moulting processes. Changes of environmental 
salinity lead to adaptive hemolymph concentration 
by ional shifts, but there is no shift of the hemo
lymph water content. . . . There is an adaptation 
to the seasonal temperatures in Uca tangeri lead
ing to a rise of upper thermal death limits during 
the summer. Uca tangeri regulates its body tem
perature by transpiration, extrusion of buccal 
foam, and sheltering in places of favourable micro
climate. Posing is due to a deficiency of water- and 
ion-balance. It is only during the premoult stages 
that a critical hemolymph concentration is met 
with in Uca tangeri, and only during this time the 
crab is especially sensitive to environmental con
centration. 

The seasonal changes described cannot be responsi
ble for the prevalence of posing also in the tropics, 
but Jansen's work certainly provides the key to the 
behavior as it occurs throughout the genus. Posing 
can no longer properly be listed as "unusual behav
ior," although before Jansen's explanation I prob
ably would have included it among the examples 
below. 

Most forms of behavior that both occur infre
quently and remain unexplained are probably activi
ties of males in the aggressive wandering phase (p. 
687). A striking example is given by Pearse 
(1912.2), in his account of fiddler crab behavior in 
Manila: 

Some of the activities of the fiddlers were like 
those displayed by higher animals while at play. 
The crabs frequently darted about apparently 
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without a serious purpose, and were sometimes 
downright mischievous. On one occasion a male 
was half-heartedly pursuing a female. She went 
to her burrow, secured a plug near by, and shut 
herself in. The male then came directly to the bur
row, seized the plug, and cast it to one side. The 
female was just emerging from the burrow when 
the writer ended the episode by frightening the 
participants by a sudden movement. Another 
time, two males (an Uca marionis nitida and U. 
forcipata) of medium size were seen running 
about for perhaps half an hour over an area about 
12 meters in diameter. They kept close together 
and acted like two mischievous sailors ashore. The 
tide was coming in rapidly, and in their rambles 
the pair came to a place where a large slow-mov
ing U. forcipata was carrying a plug to close his 
burrow. They waited until the plug had been 
pulled down over the owner, then the U. forcipata 
went to the hole and removed it; and, as the out
raged owner emerged, the plug remover and his 
mate scuttled off toward the former's burrow some 
4.5 meters away. He soon closed his own burrow, 
for the advancing water threatened to inundate it, 
and his companion hurried away down the estero. 
The writer watched him until he had gone more 
than 11 meters and was lost to view at the edge 
of the advancing water. To all appearances activi
ties such as these just described were carried out 
in a spirit of sport. 

The account is more revealing than Pearse's later 
(1914.2) shortened version of the same episode, 
since the quoted paragraph gives the distances trav
ersed by the fiddlers. This progress through the pop
ulation, the "half-hearted" pursuit of the female, and 
the generally destructive character of the males' ac
tivities are frequent characteristics of aggressive wan
derers. I have never seen two such males moving 
about close together as Pearse described, but any 
one who spends enough time watching fiddlers will 
not be greatly surprised by the account. Such an ob
server may also sometimes decide not to delete the 
anthropomorphic comparisons that turn up in his 
field notes; much of the lively variety of activities in 
a group of fiddlers is peculiarly difficult to convey in 
undefiled scientific terms. 

A second example I would also now unhesitat
ingly attribute to the crab's being in an aggressive 
wandering phase. The episode took place in Panama 
and the male fiddler concerned, U. musica terpsi-
chores, was individually known to me from observa
tions made on several previous days on the same 
spot. In this account (Crane, 1941.1: 160), the word 
shelter was used for structures beside the burrow 
now termed pillars and hoods (present study, p. 
500). 

One of the most individualistic, inexplicable 
performances I saw was that of a moderate-sized 
but apparently adult male terpsichores. His dis
play coloration was not well developed on the 
day in question, his usually white carapace being 
heavily streaked with dull yellow and his cheliped 
scarcely pink. He did not build a hood or display, 
but enlarged his burrow and fed energetically. 
Then, suddenly, he went straight over to the newly 
erected shelter of a neighbor fully eighteen inches 
away. Without any provocation or preliminaries 
he undermined the shelter from the rear and 
pushed it down on top of its owner; the two crabs 
then spent 15 minutes fighting, in the course of 
which both darkened rapidly, losing all trace of 
display coloration, and the shelter owner lost the 
tip of his pollex. Finally, the aggressor let the 
owner go, then went directly to the next hood, six 
inches from the first, and repeated the episode ex
actly. In this case, too, the owner was powerless 
and was constantly thrust down his own hole, al
though he put up a good fight. At last, after an
other 25 minutes of uninterrupted struggle, the 
aggressor released this crab also, and returned, 
without any hesitation, to his first victim, who by 
now was cleaning himself up and had regained 
most of his display coloration. At the approach 
of his former antagonist, the victim tried to flee 
down his hole, but was seized from behind. An
other duel, lasting no more than several minutes 
this time, followed, and ended as on the first two 
occasions by the aggressor's abruptly releasing his 
victim. This time the former returned slowly but 
directly to his own hole, cleaned himself, and be
gan to feed. Neither of the two victims rebuilt their 
shelters on that day, although the tide was only 
slightly past dead low at the time. 

On another visit to Panama in 1957 I observed 
similar behavior in a male beebei, which pulled down 
and stamped on the pillar of a neighbor; as in the 
male m. terpsichores described above, the beebei 
neither displayed nor built a pillar on the day con
cerned. 

As suggested in the section on precopulatory be
havior, it seems likely that the seizure of females in 
the large cheliped observed by Altevogt (1957.1) 
and von Hagen (1962) may also have been per
formed by aggressive wanderers. 

In an early paper (Verrill, 1873) appears an ac
count of fiddlers' taking bits of vegetation down their 
burrows, presumably for use as food. I have not been 
able to check this behavior in Uca, although it has 
also been reported in several popular accounts and I 
have seen examples of it in Ocypode gaudichaudii 
in the eastern Pacific. In Tahiti a small land crab 
(Gecarcinidae) appeared by daylight at the mouth 
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of his burrow as soon as I dropped a red pen beside 
it; this he seized in his claw and dragged under
ground. 

As a final example the following observation made 
in Fiji in 1965 (unpublished) will end this section, 
which could continue at great length. It concerns 
courtship behavior that became irregular, in c. co-
arctata. A male and female, with burrows about 18 
inches apart, performed a sequence I have not seen 
in any other Uca. For about ten minutes they had 
been in copuiatory position beside the female's bur
row, the normal location in this species. Possibly dis
turbed by me, the female suddenly went underground 
and the male returned to his own burrow and also 
descended. Five minutes later the female emerged, 
went straight to the male's hole, and reached down 
it with the ambulatories of one side. She then re
turned to her own burrow, moving fast. Meanwhile 
the male surfaced promptly, followed her as he 
waved, caught up with her close to her burrow's 
mouth, and they started mating again. 

L. SUMMARY 

The categories of social behavior distinguished in 
Uca consist of droving, agonistic postures and mo
tions, sound production, combat components, wav
ing display, construction activities, and precopula-
tory behavior. Several of these classes include many 
different components; 14 agonistic postures and mo

tions have been distinguished, 13 components of 
ritualized combat, and 14 of waving display exclusive 
of timing elements. In addition, 16 methods of sound 
production are enumerated, counting both those 
known through tape recordings and those presumed 
to occur from combined morphological and behav
ioral evidence. When to all these figures are added 
the several components in each of the remaining cat
egories, the number of known components in C/ca's 
social repertory totals more than 70; at least 50 of 
them certainly occur in each of a number of species. 
Many of the components are widely distributed 
throughout the genus; some are ubiquitous; a few 
are apparently restricted to several species. Almost 
all social patterns are connected at least indirectly 
with reproduction. The majority are concerned with 
aggressive behavior rather than with courtship; oth
ers are ambivalent, including most components of 
waving display. Only a few are confined to court
ship. Social behavior is controlled by a number of 
rhythms, all more or less endogenous. They include 
responses to tidal, circadian and seasonal factors; in 
addition there is possibly a separate semi-lunar 
rhythm. At least in the males of many tropical spe
cies, individual rhythms are responsible for short be
havioral phases, mating behavior being restricted to 
a period termed the display phase. Many examples 
of unusual behavior are probably due to a male's 
being in the midst of an aggressive wandering phase. 
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A. INTRODUCTION 

The last chapter examined aspects of social behavior 
which could be objectively described. In colloquial 
brief, it dealt with the whats and whens of these pat
terns. This chapter, in contrast, deals with the what 
fors and the how comes, which, together, constitute 
the whys. Both subjects obviously demand specula
tion, which in many contributions can be quarantined 
at the end. In this discussion such a course would be 
illogical and confusing, since the heart of the sub
ject consists of speculation. Therefore I have tried 
simply to base most non-factual statements directly 
on objective knowledge which is either reviewed in 
the same section or else supported by references 
given to other pages; more general speculation is, I 
hope, labeled with clarity. 

The chapter, then, will attempt to make some sort 
of functional and evolutionary sense from the wealth 
of variety in the social life of fiddler crabs. Looked 
at as a whole, this variety is astonishing. The com
ponents reviewed in the preceding pages listed seven 
general categories—droves, threat postures and as
sociated movements, sound components, combat, 
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waving display, constructions beside burrows, and 
copulation. Fourteen different threat postures and 
motions emerged; 16 methods of sound production 
were counted, both proved and assumed; 15 compo
nents of combat were described, along with 18 com
ponents of waving display. 

In combat alone, 84 different morphological spe
cializations were designated on the claws; sometimes 
more than 40 of these structures appear in a single 
species. Some of the combat components should in 
time certainly be subdivided, as they become better 
known, and the 84 structures on propodus and dac
tyl could even now, by viewing them differently, be 
increased with propriety, without further knowledge 
of their functions. 

At the end of the chapter a review of the rhythms 
influencing the timing of social behavior added more 
complexities to the subject. Occurrence of the vari
ous activities is controlled by endogenous rhythms 
responsive at the least to tidal levels and to light. In 
addition, a separate factor of temporary, recurrent, 
physiological phases is individual and apparently 
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wholly under internal control. We have also noted 
that social behavior is not always closely connected 
with the state of an individual's gonads, although 
practically all of it is confined to populations in their 
breeding season. 

Because of its association with all forms of social 
behavior in Uca, territoriality becomes the subject 
of the first section of the present chapter. The sec
ond division discusses the functions, known and sus
pected, of the social patterns, while the final section 
considers the role of ritualization and other factors 
in their evolution. 

B. T E R R I T O R I A L I T Y 

Although one useful definition describes a territory 
as "any defended area," the phrase is somewhat in
adequate for use in discussing fiddler crabs. A review 
of various aspects of territoriality in the genus must, 
in fact, make use of most current concepts of the 
subject, as well as of related topics. 

One of these related aspects is covered by the term 
"home range." It applies very well to the basic condi
tion of entire local populations of a species, where 
in any one low-tide period most individuals are nei
ther waving nor fighting. Instead, they pass the 
greater part of their time in feeding close to the bur
row in which they spent the preceding period of high 
tide, and at most wander, feeding, nearer the water's 
edge. This minor wandering depends both on the 
individual's phase and on the richness of the sub
strate in providing food close to the burrow. During 
an aggressive wandering phase, the range extension 
is among displaying males of the local population, 
usually higher on the shore, rather than down near 
the low-tide level. Thus the home range of an in
dividual may change from day to day, and may use
fully be viewed as almost the same as that of the 
local population. In these terms it normally extends 
throughout the local area that is ecologically suitable 
for the population. Where such a biotope is exten
sive, as on a long strip of homogeneous shore, it is 
possible that no single individual ever travels 
throughout the area, even during several wandering 
phases. The necessary work with marked crabs, 
started by Altevogt (1954), remains to be done. 
When it is, care must be taken either to avoid han
dling during marking, or to allow several days for 
the released crabs to recover before relying on any 
data collected. This procedure is essential because 
of the effects of handling on the crabs; the indica
tions are strong that their individual phases are 
affected. 

Animal territories in the more restricted sense may 
be divided into three general groups, each of which 
helps fulfill several related biological needs. First, a 
territory often supplies protection from environmen

tal stress and from predators. Second, it frequently 
promotes successful reproduction in a variety of 
ways; it may serve as a center to attract and stimu
late sexual partners and to deal with male intruders, 
threatened or actual; the resulting displays and com
bats almost certainly are mutually stimulating, re
gardless of their outcomes, and in many animals en
sure fertilization of most females by the stronger or 
more energetic males; in some animals territories 
also serve importantly as centers for rearing the 
young. Third, a territory may aid in the distribution 
of individuals in a population in accordance with the 
food supply. 

In the coming discussion, the view is presented 
that in Uca only the first two categories are chiefly 
concerned. All three will now be described as they 
occur in fiddler crabs. 

I. Basic Territoriality: The Burrow 
as a Shelter 

For these crabs as for numerous other intertidal ani
mals, the burrow is primarily a protection. During 
high tide it provides shelter against aquatic preda
tors, and during low water against the triple threat 
of desiccation, heat, and terrestrial enemies. Burrows 
serve these functions whether or not a crab defends 
a particular hole. 

Most individuals during most low-tide periods re
main unchallenged holders of the particular burrow 
from which they emerged when the water receded; 
they feed in the neighborhood, excavate the burrow 
a bit, and retire into it as the tide rises. A break in 
this pattern usually comes only if the resident enters 
a wandering phase, or if it is dispossessed. 

A crab that for any reason lacks a burrow gen
erally has little difficulty in finding a new one. Bio-
topes normally have more burrows than crabs when 
the tide is out, since some wanderers always move 
out of their holes as the water level falls. A burrow 
that gives even a fair fit will be taken over and re
modeled as needed. A corollary is that although any 
crab except the smallest can, capably and in minutes, 
dig a new one, a burrowless crab, unless he is in an 
aggressive phase, with few exceptions hunts first for 
an empty hole. This habit has perhaps adaptive value 
through conservation of time and energy, when all 
activities must be accomplished during short periods. 

Very young crabs do not use burrows at all. When 
pursued or when overtaken by the tide, they simply 
sink into the damp terrain wherever they happen to 
be. Herrnkind (1968.2) gives data on the instars at 
which laboratory-reared pugilator start to dig bur
rows. 

When feeding far out on the moist flats, alarmed 
crabs sometimes sink into the substrate in a fashion 
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used by the very young. When such a crab returns 
to the burrow area ahead of the rising tide, it does 
not necessarily approach its former burrow, but seeks 
out an empty hole, as described above. Sometimes, 
as repeatedly noted in a northern population of pugi-
lator, the burrowless crab quickly ousts a smaller 
crab by prying it out with the major cheliped or dig
ging it up with the ambulatories. In the examples 
observed, the dispossessed individual, always in a 
non-display phase, either sought an empty burrow 
nearby or, often, ousted a still smaller crab. In each 
case, there was no sign of protest by the evicted in
dividual. The final, smallest crab in such a series 
several times sought shelter under a shell. In each 
example the dispossessions took place low on the 
beach, close to the level of the rising water. Females 
as well as males were dug up, but I never saw a fe
male oust a male; sometimes they traveled many feet 
before finding an empty burrow of suitable size. 

When startled or pursued in the burrow area but 
at a distance from his own hole, a fiddler often shel
ters temporarily in one already occupied. When an 
intruding Uca enters such a burrow, the resident 
makes acoustic signals. If the alarm persists, the sig
nal stops and the two crabs temporarily tolerate the 
double occupancy. Usually the intruder emerges and 
moves away soon after the emergency has passed. 
When an intruder is suddenly and somewhat force
fully inserted by an investigator, sounds of scuffling 
often follow and normal acoustic signals are lacking. 

This acoustic warning system is clearly genus-
wide. Specific differences in the recorded signals have 
not yet been investigated, nor is it known how both 
signals and tolerance levels vary with respect to size, 
sex, and physiological phase. 

Since this kind of burrow defense takes place only 
below ground, the territory is obviously confined 
solely to the burrow itself. 

II. Display Territoriality: The Burrow 
as the Center of a Defended Area 

When a male crab becomes ready for courtship and 
mating, the mouth of a particular burrow quite sud
denly becomes for him the center of a small territory 
which he vigorously defends on the surface, primar
ily through visual signals of threat and of waving 
display. Sound production at the surface, as well as 
underground, sometimes also plays a part in this sec
ond territorial pattern. Intermale combats occur in 
any part of the territory, but are usually close to the 
burrow's mouth; only in encounters between neigh
bors do they occasionally take place on the borders. 
Finally, in the subgenera which are socially most 
advanced, receptive females are attracted to the de
fended area where, in the ultimate stages of court

ship, they are induced to descend the burrow by in
tensive waving and other motions, sound production, 
herding, or a combination of these activities. When 
the burrow serves, following successful courtships, as 
a mating site, it offers obvious protection. 

In these advanced forms, too, the burrow mouth 
itself perhaps acts as a signal to the female. Perhaps 
it shows conspicuously as a dark object in the paler 
terrain, and so may direct or even attract her after 
the displaying male has vanished into it. 

Adult females, especially when carrying eggs, un
commonly also defend burrows on the surface by 
means of threat postures, stridulation, and, some
times, the interlacing of ambulatories in apparently 
forceful combat with other females. Almost nothing 
precise is yet known of the nature of territorial be
havior in this sex. 

The size of the defended ground around the bur
row mouth varies widely depending on the species, 
the size of the individual and the degree of crowding 
on the biotope. The display energy of the crab on a 
particular day is probably also a factor. Usually a 
fiddler defends a small circle with a radius equaling 
several of his own widths, with the crab measured in 
the maximum stance of full display. In species of 
Deltuca, where the male pursues the female and dis
play is vertical, the territory seems to be smallest, 
scarcely more than standing room with the cheliped 
extended in lateral threat position. In species with 
advanced display requiring more space, as in steno-
dactylus, the defended area is relatively much larger; 
an excited individual races back and forth, its elon
gate cheliped thrust out and up, and the crab prob
ably covering more than six times its maximum di
mension in an ordinary beat. When females defend 
a burrow on the surface, they confine their activity 
to standing-room beside the mouth. 

In flourishing populations, boundaries of display
ing males often adjoin and the territories are smaller. 
Females and young, passing or feeding, are tolerated 
close to or even within territorial limits; members of 
other species are similarly accepted, providing that a 
male is not closely similar in size and shape to the 
burrow-holder. Often, however, some of these tol
erated individuals are warned off by low intensity 
threat motions when the resident male is feeding. 

During the onset of display territoriality, fiddler 
crabs tend to go to the upper levels of their inter-
tidal habitat or to pick some slight eminence for 
their burrow. This behavior probably has the double 
effect of giving them more time daily for display and 
acts, in combination with upward stretches of cheli
ped and body, to make them more conspicuous. 
Finally, the drier substrate doubtless provides a bet
ter resonator for acoustic drumming (von Hagen, 
1962). 

In many populations the very largest individuals 
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are found farther from the water, often in quite un
suitable localities. In these cases the tendency to go 
higher seems to be an example of hypertrophied be
havior, analogous to the impractically large chelipeds 
found in senescent males. If the territory is long held 
the crabs may be definitely undernourished, although 
this result has not been proved. Unexplained deaths, 
perhaps due to senescence in some sense, occurred 
almost daily during a week I spent observing tanged 
in Angola. All the dead crabs were among the larg
est males, all occupying a row of the highest burrows, 
along the upper edge of the intertidal area; each day 
a few of these large crabs were in the display phase, 
but no females were ever seen to approach the zone. 
All of the nine dead crabs examined had atrophied 
digestive glands (livers). A similar state was found 
in a number of large maracoani kept for months in 
the Trinidad crabberies; these individuals, also, oc
cupied burrows on the highest available substrate, 
and occasionally displayed one day and died the 
next. 

Another such instance of the hypertrophy of this 
part of territorial behavior was well shown by a sin
gle large demani male near Davao in the Philippines. 
He waved, almost without rest periods, all during the 
single low-tide period of observation. His burrow 
mouth surmounted a nearly desiccated elevation. No 
other member of his species was closer than 50 feet, 
and all were lower down on damp ground, suitable 
for feeding. Presumably the lone male's display area 
was covered by water at times of spring tides; at 
present however there was no trace even of other 
burrows. 

The frequent concentration of displaying males in 
a restricted section of rather high ground superficially 
resembles a lek formation. It must be emphasized, 
however, that these gatherings have not yet been 
found to be characteristic of all observed populations 
in even a single species. Very often the displaying 
males are scattered, although in clear sight of one 
another, throughout the greater part of a population. 
The relative breeding success of individual males 
with burrows in different locations has not yet been 
investigated. 

Females in breeding condition in some species, 
particularly in the socially less specialized subgenera 
of the Indo-Pacific where mating takes place on the 
surface, occupy burrows close to those of waving 
males. In the advanced groups, receptive females 
move actively through the displaying part of the 
population. After mating, while the eggs are develop
ing, they usually inhabit burrows closer to the low-
tide levels than those of any other section of the 
population. 

Early reports (Schwartz & Safir, 1915 and ref.) 
state that single males and females occupy the same 

burrow for indefinite periods. The instances I have 
found of pairs in burrows are of three kinds. First, 
a female, after an apparently successful courtship, 
often or usually stays in the burrow with the male 
throughout the following high tide; this statement is 
based on about eight reliable field observations of 
five species in assorted subgenera, as well as on at 
least that many others in the Trinidad crabberies. 
Second, I once collected a series of about 50 adult 
ornata in Panama; three of the burrows were occu
pied by adult pairs; none held two crabs of the same 
sex; the three pairs had perhaps been startled by my 
approach or had just mated. Third, as described ear
lier, when fiddlers are startled while feeding away 
from their burrows, such as when a human being 
approaches, they take refuge in any nearby burrow 
of convenient size, regardless of the presence or sex 
of its occupant; I have often collected such individ
uals. It seems that future investigators of the dura
tion of double occupancy by pairs should take special 
care to exclude startled crabs from the data. 

A display territory may be defended for only part 
of one low tide, or held for many weeks. Often terri
tory-holding, as in Scopimera and Dotilla, is so tem
porary that a new burrow is dug at every low tide. 
Then the crab sinks and twists in a characteristic 
fashion wherever it happens to be when nearly over
taken by the rising water. Burrows in these genera, 
as in Uca, are defended at the surface only by crabs 
in display phase. 

Species of the Uca subgenera Deltuca and Thalas-
suca do not usually keep the same burrow more than 
a few days. Often in vocans and other species living 
close to low-tide levels, burrows seem to be changed 
freely, even between low and high tides of the same 
day, and display territories are sometimes held only 
for part of a single low-tide, as I found definitely to 
be true in a few individuals observed in Fiji, during 
1965. Long before, Altevogt reported (1954) simi
lar mobility in the same species in western India, and, 
unfamiliar at the time with many other species, con
cluded that the crabs should not properly be called 
territorial. It is now clear, however, that true terri
torial behavior does occur, even in vocans, and that 
the duration of defense should be left out of any 
definition of territorial behavior. 

A contrasting example was afforded by two dussu-
mieri from the Philippines, a male and female. These 
crabs were kept for months in a Trinidad crabbery, 
along with a large and changing population of other 
species. The female moved the mouth of her burrow 
from time to time, laid eggs, and eventually died. 
The male, which came into the display phase repeat
edly and maintained threat and combat relations 
with neotropical males of comparable size, kept the 
mouth of his burrow within an area of about 6 inches 
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square for more than 6 months. The slight shifts in 
the position of the mouth usually occurred only after 
a fresh layer of mud was added to the substrate. This 
crab also went through brief phases of wandering 
and aggressive wandering from time to time, but 
returned to the burrow daily. 

Additional examples of territories definitely held 
for more than one week include the following ob
servations, each on only one or two individuals: 
stylifera in Panama (Crane, 1941); chlorophthalmus 
in New Guinea; and arcuata, chlorophthalmus, 
maracoani, thayeri, rapax, and festae, all in the 
Trinidad crabberies. 

Numerous other observations both in the field and 
in the crabberies indicate that display territories in 
Uca are usually held for several days at most, 
throughout the period of one display phase. As in 
related areas of fiddler study, only extensive field 
work with marked crabs will give an accurate pic
ture of the situation. 

III. Territory and Dispersal: The Relation 
of Burrow Defense to Food Supply 

In many animals territoriality is instrumental in dis
tributing members of the population in accordance 
with the food supply, a view amply demonstrated in 
many of Wynne-Edwards' examples (1962). 

In Uca such a spacing-out function may be per
formed by basic territoriality, where the burrow 
serves as a shelter. As described above, occupancy of 
a burrow by more than one crab is discouraged by 
acoustic signals. It is not yet clear why this is so. In 
at least one related genus (Potamocypoda, Tweedie, 
1954; Crane, unpublished), large burrows are at 
least sometimes altogether communal. In these 
groups the individuals are all smaller than are most 
fiddler crabs, and all live in very wet, muddy environ
ments, so that food supplies are probably more 
abundant than in the habitats of many Uca. In the 
latter genus, the adaptive value of single occupancy 
very likely involves efficient distribution and undis
turbed feeding over an adequate-sized patch of ter
rain. 

It does not seem possible, however, that either 
basic or display territoriality in Uca can ensure the 
maintenance, through successive generations, of a 
stable population consonant with the food supply on 
a particular biotope. As in most crabs, the larvae are 
pelagic, and there seems to be no mechanism for 
ensuring that surviving young are cast up on the 
parental shore. In addition, the population of a given 
strip of ecologically suitable shore must be deter
mined primarily by the food supply available to the 
youngest crabs, near the water's edge. 

Very young crabs do not fight and hold no terri

tories. As the tide approaches, partly grown males 
at most sometimes take over burrows low on the 
shore from smaller crabs, which make no apparent 
effort to stay in possession, but simply move on to 
an empty burrow, or oust some still smaller individ
ual of either sex. 

In contrast, mature crabs in full display phase and 
defending territories high up on the shore often do 
little feeding and, since both growing algae and tidal 
jetsam are less abundant, have less food than do 
those farther down. These individuals sometimes 
leave their burrows and descend to feed among the 
non-territorials. The center of the breeding individ
uals usually lies in the middle parts of a habitat. 
Here, among the displaying males, non-breeding as 
well as receptive females are tolerated along with 
young of assorted sizes. The very young move about 
a lot, and females may or may not do so, depending 
on their phase. 

These most actively breeding parts of a popula
tion do not usually contain the largest males, which 
more often are found on the highest usable terrain, 
only briefly moistened by the tide. Gigantic males, 
apparently senescent and perhaps undernourished 
but displaying characteristically and defending their 
boundaries from similar neighbors, sometimes are 
the only occupants of this unfavorable zone. 

In short, display territoriality in Uca apparently 
does not at all promote an optimum distribution of 
a population. Basic territoriality on the other hand, 
in discouraging occupation of a burrow by more than 
one individual, may aid in distributing individuals 
over the biotope. It seems that neither form of ter
ritoriality, however, can play any part in keeping the 
population stable. 

C. F U N C T I O N S O F C O M B A T A N D D I S P L A Y 

I. Introduction 

The preceding section described the display territory 
as a center of social behavior, including visual threat 
display, sound production, intermale combat, and 
waving display. In this section suggestions will be 
made concerning the functions of all these activities 
and their relations both to territoriality and to one 
another. The basic question of the role of agonistic 
behavior in relation to courtship and reproduction 
will also be examined. 

The selection of a logical order of comment is diffi
cult. Combats rarely take place unless preceded by 
threat postures or by waving, and usually by both. 
Yet, as will be shown later, threat postures appear 
to be derived from combat while some waving com
ponents just as clearly are based on threat. Sound 
components crop up throughout the categories. On 
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the whole, combat can be viewed as the most basic 
of the activities concerned, even though it occurs 
more rarely than any of the patterns, and, in its 
wealth of modern complexities, is certainly the most 
specialized of all. 

The functions of intermale combat and its rituali-
zations, therefore, will be considered in the first two 
sections. Parts of both are taken with little alteration 
from a previous contribution (Crane, 1967), since 
they still express my present viewpoint. Several re
sults of subsequent field studies are also briefly con
sidered in these and later sections, because they af
fect some of the conclusions in the published paper; 
a formal contribution is in preparation. 

II. Functions of Intermale Combat 

Possible explanations of fighting remain far from 
clear. It is unsurprising that each crab coming into 
territorial and display phases acquires a burrow in 
a spot appropriate for display and mating. But 
there appears to be no need to obtain such a burrow 
through combat. As described earlier, there is never 
a shortage of empty burrows during a period of low 
tide. Furthermore, few areas are so crowded that 
there does not seem to be ample space, empty and 
undefended, among displaying males where new 
burrows could be dug. 

Yet an aggressive wanderer, unless his aggressive
ness has been reduced by a fight with a burrow-
holder, either pays no attention to these empty 
burrows, or pokes into them with cheliped or ambu
latories briefly and superficially; then he moves on. 

Although occasionally an aggressive wanderer 
stops slightly longer at a burrow occupied by a non-
displaying crab, any attempt to dig out such a crab 
is rare and little effort is expended. I have never 
knowingly seen a combat between a crab that is not 
in display phase and a wanderer, or between two 
wanderers. 

In fiddler crabs no harems are maintained and 
single females seem never to be direct causes of inter
male combat. Occasionally a male even abandons an 
advanced courtship attracted by a combat between 
two other males. 

The immediate goal of an instigator does not in 
fact seem to be the taking over of a suitable burrow 
as a center for display or a direct competition for 
females. Rather, the apparent aim is a combat with 
a displaying male. 

The combat itself is characteristically partly or 
fully ritualized; only in lactea are components known 
that are at once forceful and stereotyped (p. 494); 
in most cases the combat results in no detectable 
change in the subsequent behavior of either crab. 
One or the other withdraws his claw from contact 
with that of his opponent; the aggressive wanderer 

resumes his progress through the population, threat
ening and entering into new combats; the burrow-
holder promptly resumes display, its intensity un
diminished. In one such rapax combat in nine, 
however, a wanderer's aggressiveness was reduced; 
in one in 45, the burrow-holder was dispossessed and 
the wanderer took over. Less intensive observation 
of other advanced species have yielded corroborative 
observations: the wanderer's behavior is similar and 
only rarely is there a detectable result. In those in
stances where a wanderer actually, takes over a bur
row he sometimes assumes the display phase at once; 
more often, he does not wave, but shortly abandons 
the burrow and moves on, his aggressiveness main
tained and his territorial drive still in abeyance. 

With these figures in mind it seems likely that 
combat may sometimes either advance or retard the 
assumption of territorial and waving phases by the 
wanderer. Summation, as suggested on p. 494, may 
well play a part here that the field techniques in use 
could only suggest. Combat̂  then, may serve as a 
mechanism for ensuring that suitable burrows for 
display are not taken over by males in subbreeding 
condition; nevertheless, the availability of empty bur
rows, noted above, forms an obvious argument 
against this view. 

The function of combat will now be examined 
from the point of view of the burrow-holder. If this 
displaying crab is not vigorous enough or sufficiently 
motivated to fend off an aggressive wanderer, he may 
be in an inadequate condition for breeding and 
should not, from the point of view of selection, be 
left in a position to attract receptive females. Yet 
many vigorous burrow-holders, in other species as 
in rapax, withdraw partly or wholly from an incipi
ent combat, even in the frequent instances where the 
approaching wanderer is the smaller crab; then the 
burrow-holders resume waving and courting prompt
ly and strongly when the wanderer has departed. The 
role of this withdrawal behavior in the pattern of 
combat remains puzzling. 

After combat, however, one rapax in six delays 
waving, while one in 45 loses his burrow, with a con
sequent postponement of resumed display. These 
relative numbers agree well with impressions re
ceived in numerous more casual observations of 
combat in other species. 

In examining the possible selective values of fight
ing and its ritualization, a distinction should be kept 
in mind between these two visible results—namely 
reduced aggressiveness and delayed waving. Since all 
burrow-holders are in the display phase and, as part 
of that phase, in a threatening and fighting mood 
toward both aggressive wanderers and trespassing 
neighbors, it seems that a post-combat reduction in 
aggressiveness by a wanderer normally would result 
only if he were not ready for territorial-display-mat-



SOCIAL PATTERNS 515 

ing behavior. In that case the "loss" of a combat 
would be a selective advantage. On the other hand, 
a reduction of display time for a burrow-holder 
through prolonged combat would be a disadvantage. 

A reasonable suggestion, therefore, appears to be 
that the ultimate value of combat, regardless of the 
role of ritualization, lies in preventing suboptimal 
males from wasting the breeding time of the popula
tion by attracting receptive females. This explanation 
does not, however, account for all the facts. It takes 
no account of combats, largely or fully ritualized and 
resulting very rarely in waving delays, between vigor
ous burrow-holders. Again, the function of down-
pushes remains unexplained. Here one burrow-
holder, far from endeavoring to take over the burrow 
of his neighbor or at least to dig the occupant out 
and engage him in combat, simply thrusts him force
fully underground before returning to his own bur
row and resuming display. 

When viewed as a whole it seems that the func
tion of combat may lie primarily in stimulating and 
synchronizing mating behavior. As in so many other 
groups of animals where such an effect is suspected, 
proof awaits work in endocrinology and neuro
physiology. 

Similarly in need of the attention of physiologists 
are two strong impressions that recur during field 
work on Uca. One is that combat may serve to re
lease tension in the actively courting section of the 
population. The other impression, particularly com
pelling when one is watching ritualized mutual en
counters, is that combat appears often to be in prog
ress for its own sake. The attention of a third crab 
is sometimes drawn to a nearby combat; he may then 
either interrupt or engage one of the participants 
after the end of the first encounter. Even more sug
gestive are the sequences of high ritualization dis
cussed below. It is noteworthy that recent experimen
tal work indicates the existence of an "appetance for 
aggression" in two species of fish and in squirrel 
monkeys (Thompson, 1963, 1964; Azrin, Hutchin
son, & McLaughlin, 1965; Rasa, 1971); the subject 
is reviewed by Eibl-Eibesfeldt (1970: 326). 

III. Questions of Adaptive Values 
in Combat Ritualization 

As shown in previous sections, a large majority of 
combats in Uca rapax show no detectable element 
of force and hence may be termed fully ritualized. 
More casual observations on other specks indicate 
that ritualization is similarly prevalent throughout 
the genus. Finally, in one component prevalent in 
lactea combats, force itself appears to be ritualized. 
In searching for the selective advantages of ritualiza
tion, the immediate effects of individual combats 
have proved unilluminating. As is well known, even 

the most violent fights in Uca practically never result 
in physical damage; no injury at all was ever seen 
in rapax. The exceptions are healed puncture 
wounds on a manus that are apparently inflicted by 
an opponent's chela tips. As soon as one learns their 
appearance, the small pits or discolorations can be 
found on occasional males in almost any collection 
of preserved fiddlers. I now suspect that the great 
majority are not received in combats on the surface. 
Instead, they probably result from the engagement 
of two claws in a burrow shaft, when a male reaches 
down and tries to pull another fiddler out. At least 
in a northern population of pugilator, I often saw 
young crabs dispossess still smaller crabs in this way 
when the tide was approaching (p. 511). Particular
ly if the burrow occupant has recently molted, an 
intruding claw might easily pierce the soft integu
ment. Possibly a deep puncture would leave visible 
traces after subsequent molts (PI. 46). 

It seems, therefore, that a protective function, 
which has been considered obvious in the ritualized 
encounters of many well-armed animals, is not now 
of importance in fiddler crabs. 

Again, the data on rapax give no evidence that 
ritualized encounters are any more likely than the 
uncommon forceful fights either to promote or to 
prevent behavior changes in an opponent. This is 
true in general both of reductions in the aggressive
ness of a wanderer and of delays in resumption of 
waving by a burrow-holder. 

In rapax the only apparent advantage of ritualiza
tion seems, rather, to lie in the shortening of com
bats. The counts so far made indicate clearly that 
ritualized encounters are not only far more numerous 
than those including components of force but also 
that they are shorter, most lasting less than 10 sec
onds. In contrast, forceful fights continuing more 
than one minute are usual. This is true whether or 
not a forceful combat results in subsequent visible 
behavior changes for either crab. While this differ
ence in duration appears to have no obvious impor
tance for an aggressive wanderer, the shortening of 
combats through ritualization may well be a selec
tive advantage through its effects on burrow-holders. 

This suggestion is based on both the ecology and 
the mating behavior of Uca. Since they court only 
during low tide, and are usually further restricted by 
other requirements, both meteorological and physio
logical, their periods for courtship and mating are 
limited. Combat and courtship cannot proceed simul
taneously and, in Uca, the combats of males seem to 
hold no attraction whatever for females. Therefore 
it seems clear that, by shortening combats, ritualiza
tion ensures that courtship opportunities are mini
mally reduced. 

It may be that an important factor in waving dis
play lies in its stimulating effect on other males or 
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in the synchronizing of breeding activities. Here, too, 
a shortening of each combat would advantageously 
shorten the time during which one or two wavers did 
not contribute to the communal effect. 

An unresolved objection to the suggested advan
tages of shortened combats has arisen in my recent 
work (unpublished) on two species of the subgenus 
Celuca, pugilator and lactea. In these forms almost 
all combats take place close to the hour of low tide, 
while most waving displays and most courtships oc
cur later. In two thriving populations of lactea, in 
fact, the last combat of the day and the first court
ship were often separated by more than an hour. 

One characteristic of ritualized combat becomes 
increasingly apparent with continued observation. 
This consists in the leisurely, formalized, and wholly 
unforceful cooperation sometimes apparent between 
the two opponents. A highly ritualized encounter in 
rapax may run about as follows. An instigator, 
whether wanderer or neighbor, approaches a burrow-
holder. A rub by one or both crabs, outer manus 
against outer manus, usually follows. Next, the in
stigator sometimes holds perfectly still while his op
ponent slowly eases his chela into the actor's slide 
position; the two crabs may then reverse the role, 
the shift being accomplished slowly, without fum
bling, and with the apparent cooperation of the 
crabs. In a few moments they may progress to a 
similar alternation of heel-and-ridging or, in hetero-
clawed encounters, to an alternation of heel-and-
ridging with interlaces. In other examples a single 
opponent may be the actor throughout, the second 
crab holding himself quietly. When the actor breaks 
off, both crabs move apart and resume their pre-
encounter activities. 

Observation of these encounters gives a strong 
impression that they provide one or both crabs with 
satisfactions that are not concerned in direct goals, 
such as taking over a burrow or evicting a trespasser; 
the activity itself seems to serve as the goal. Current 
work on lactea (p. 494) suggests that forceful com
bats also provide their own rewards. We know noth
ing at all yet about the means of conferring satis
faction—whether through the performance of the 
motions, or through the reception of associated sen
sory stimuli. 

If ritualization does indeed sometimes operate 
selectively through shortening combats and thus pro
viding more time for courtship, then an obvious 
pressure would be toward even shorter ritualized en
counters. Ultimately the action might be reduced to 
a token touch of mani or single rubs of ridges by 
briefly overlapping chelae. 

This trend is not apparent. According to our pres
ent knowledge, the socially advanced species have 
the largest repertoire of combat actions and the most 
extensive structural specializations for high-intensity 

encounters. If ritualization shortens combats, then 
further elaboration could nullify the effect. Occasion
al prolonged encounters in rapax, fully ritualized and 
elaborately mutual, suggest that this process may 
prove to be a factor in the continuing evolution of 
the species. 

IV. Functions of Threat Postures, 
Threat Motions, and Sound Production 

When the functions of threat postures, motions, and 
sound production are considered in relation to the 
above conclusions on combat, an obvious question 
arises. If ritualized combat is such a short, efficient, 
and pleasant way of stimulating, synchronizing, or 
otherwise promoting reproduction, why does threat 
behavior persist in the genus? After all, these pos
tures and motions seem most effectively to discourage 
the realization of many potential combats. The ap
parent answer has a number of parts, based on both 
direct and indirect evidence and, ultimately, on spec
ulation. 

First, basic forms of at least visual threat display 
are certainly far older than Uca,s components of 
ritualized combat, which necessarily evolved in asso
ciation with the specialized major cheliped. Schone 
(1968) describes and illustrates the occurrence of 
basic agonistic postures in a wide variety of brachy-
uran crabs, including some fully aquatic forms; its 
prevalence as a behavior pattern throughout much 
of the animal kingdom does not need comment. It 
seems that such a basic form of behavior would be 
unlikely wholly to be eliminated from the genetic 
constitution of a small group. 

Second, basic threat postures are used by fiddlers, 
as by other crabs, not only in intermale situations but 
also as a pre-final defense against predators (p. 
473). Since actual seizing of an active threat— 
whether bird, crab-eating raccoon, or human 
finger—may well result in the loss of a slow-grow
ing appendage, even if the crab escapes, the use of 
a strongly deterrent threat display appears to be a 
strong advantage. This fact alone would encourage 
the retention of at least the basic postures of lateral 
and frontal threat. 

Third, as described on p. 479, threat signals are 
freely used in Uca not only between aggressive wan
derers and burrow-holders, or between two burrow-
holders, but also, at low intensities, in gently warding 
off an encroaching female or a young crab when a 
male is feeding. Sometimes both young and females 
use threat signals in similar fashion, as do members 
of two species sharing the biotope. Threat signals are 
also the primary means used by unreceptive females 
in warding off males. The use of auditory signals by 
burrow-holders underground, apparently to ward off 
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intruders, was described on p. 481. Antiphonal 
sound production by male tanged was reported by 
Altevogt (1964.1). 

Fourth, successful threat displays obviate all risk 
of time-consuming forceful combats. Such is not the 
case with ritualized encounters, which neither always 
replace prolonged fights, nor always prevent a force
ful ending to a combat with early ritualized compo
nents (p. 488). 

Fifth, most threat signals are less time-consuming 
even than most full ritualized combats (p. 493), 
making more time available for courtship. 

The sixth and last function of threat to be con
sidered is wholly speculative. In common with other 
conspicuous or audible elements of social behavior, 
threat postures, motions, and sounds may well be 
part of the pattern of general social stimulation—to 
the actor, to his potential antagonist, and even to his 
neighbors. It will be remembered (p. 492) that at 
least one threat action, the after-lunge, is made by 
a burrow-holder after a combat; it is always directed 
toward the receding figure of his former opponent. 
Comparable behavior is of course exceeding common 
in a variety of animals. I have seen it a number of 
times even in rhinoceros beetles, in a pattern de
scribed by Beebe (1946). Always the component 
followed an intermale combat in which one beetle 
was, as usual in the species, taken between the 
"horns" of his antagonist and flung, upside down, to 
the ground. The successful beetle usually then moved 
his own body rapidly up and down several times, by 
stretching and bending his legs, somewhat as in fid
dler curtsy components; all the while the beetle's 
head faced his upset opponent. As far as I know, the 
physiological explanations for such patterns have not 
yet been provided, and the components perhaps 
should not be included under threat behavior. Even 
if a mere release of excess energy, not then needed 
for further combat, is involved, the effect of further, 
stereotyped motion is also perhaps self-stimulating 
to the animal. 

In summary, then, the above position on the func
tions of threat display in Uca, including postures, as
sociated motions, and sound components, may be 
stated as follows. The basic postures of threat dis
play, appearing widely among brachyuran crabs, pro
vide defenses against predators through reducing the 
risk of injurious or fatal contact. Some visual and 
acoustic threat signals are of social use in fiddlers of 
both sexes and different ages. In agonistic relations 
between adult males, threat signals have two advan
tages over fully ritualized combats: when effective, 
they altogether preclude a time-consuming forceful 
combat, and they are usually shorter even than brief, 
ritualized encounters. Finally, it also seems likely 
that threat behavior, in common with other forms of 
social display, provides both to the displaying crab 

and to conspecifics stimulation that somehow pro
motes reproduction. 

V. Functions of Waving Display 

In the categories of social behavior so far dis
cussed—combat and threat displays—there has been 
no question of ambiguity. All the components are 
directly associated with agonistic behavior, not with 
courtship. In the next category, that of waving dis
play, the functions of most of the components are 
clearly ambivalent, since they are employed both in 
wholly intermale situations and in pure courtship 
(Fig. 95). As described elsewhere (p. 501), a few 
components occur only in courtship; they are then 
confined to periods of high intensity. On the other 
hand courtship in many species has no components 
differing from those of waving display directed to
ward males. Waving itself can and does take place 
out of sight of other displaying, or even apparently 
attentive individuals, and rarely in the Indo-Pacific 
even occurs without a display territory. A low-inten
sity, vertical form of waving uncommonly is seen 
even in immature individuals (p. 497). The func
tions of waving display cannot, therefore, be resolved 
in any simple fashion. According to our present 
understanding, its probable uses are as follows. 

First, waving is an advertising display almost al
ways indicating the presence of an adult male close 
to breeding condition and displaying close to a par
ticular burrow at the center of a small defended area. 
There he will threaten or enter into combat with in
truding males in appropriate physiological condition 
and, through increased intensity and often elabora
tion of the waving pattern, follow or attract potential 
mates. Waving serves, then, most obviously as an 
identification mark. This mark, just as in birds and 
many other animals, is treated quite differently de
pending on the sex and physiological state of the 
viewing conspecific. 

Second, it seems unarguable in this particular cate
gory that the display is stimulating to females and, 
in appropriate species, perhaps the distinction should 
be made that it is also directive. With few exceptions, 
waving immediately precedes normal attempts to 
copulate. Again, wandering females often clearly 
change course and approach a crab that suddenly 
begins intensive display (p. 503). 

Whatever future work discloses about lek-like 
characteristics in groups of displaying males, it seems 
probable that they will share with many highly de
veloped lek patterns the advantage of arousing a fe
male gradually to mating readiness as she wanders 
through the display area. So far there is no evidence 
that females are attracted most to males that are 
larger, brighter, whiter, more vigorous in their dis
plays or with burrows near the center of the group. 
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Third, waving display often or even principally 
can be viewed primarily as a particularly efficient 
component of threat behavior that is confined to in-
termale situations. As listed in the fourth function of 
threat display (p. 517), waving probably reduces the 
frequency of actual combats, which do not at all at
tract females; unlike strictly threat displays, however, 
waving displays in highly economical fashion serve 
simultaneously to repel males and attract females. 
Thus, not only is time saved for courtship through 
the avoidance of long combats, but even the waste 
of momentary threat motions is usually eliminated. 
A short period of observation of any healthy popu
lation in actively breeding condition will strongly 
advocate this view: the intensity of waving is often 
or usually clearly increased by a burrow-holder at 
the approach of another male, even when the poten
tial intruder's major cheliped is in full view of the 
waving crab. (Thus there is no question in these 
examples that the burrow-holder is temporarily mis
taking the male for a female, as sometimes happens, 
stimulating the burrow-holder briefly to increase his 
waving toward the tempo of intensive courtship.) 
Very often the approaching male, whether a wander
er, aggressive wanderer, or neighboring burrow-
holder, passes promptly on or withdraws, without 
stimulating the displaying crab to change his ambiva
lent wave to monovalent threat. 

Fourth, whether waving is also stimulating to 
males is more debatable, since, as in combat and 
threat, evidence is lacking. Suggesting the probability 
of stimulation are populations in which waving dis
play of moderate intensity is the only social behavior 
apparent for several hours at a time. Especially in 
socially advanced species of Minuca and Celuca, 
waving over entire display areas appears frequently 
to be uninterrupted by the approach of other individ
uals of either sex, combat and threat behavior often 
being virtually confined to earlier hours before the 
onset of waving. An excellent example is lactea (p. 
292). At these times waving display should perhaps 
be regarded as another example of hypertrophied 
behavior, analogous to the ascent of old males to sub-
optimal levels of the shore, rather than as a mecha
nism for stimulation. The concentrated waving oc
curs when the tide is already on the way in and does 
not seem ever to be followed by bouts of agonistic 
or courting activity at atypically late periods during 
the same low tide; any stimulating effect would have 
to carry over until the next retreat of the water. This 
protracted effect may well occur, however, the re
sults of waving perhaps being cumulative over a 
period. The several examples of synchronous wav
ing (p. 300; Gordon, 1958) I have seen have all 
been in prosperous populations in which aggressive 
wanderers were at the time scarce or absent and in 

which neighboring males stayed close to their own 
burrows. While the synchrony may have an effect 
only on females in the display area, it seems more 
likely that the males themselves are stimulated. 

Fifth, even if there would be no interbreeding 
among sympatric species in the absence of waving, 
interspecific differences in waving display must be 
an important time-saver in the intertidal hours avail
able for courtship. Females with only the rarest ex
ceptions are not attracted toward males of other spe
cies and then only briefly (Crane, 1941.1 and un
published) . 

Sixth and finally, waving displays may serve di
rectly as one barrier to interbreeding among inter
mingled allopatric forms. These last two suggested 
functions will be considered further in the next 
chapter. 

In summary, waving is an advertising display, al
most always centered on a territory, and characteris
tic of a male ready to court females and to behave 
aggressively toward certain other males. Such display 
appears to be unquestionably important in directing 
the attention of receptive females and in stimulating 
them to cooperate in copulation. It also serves as a 
form of threat display toward other males, reducing 
the frequency of time-consuming threat displays and 
combats while simultaneously serving as a courting 
signal. It also seems to be a reasonable speculation 
that waving display, as well as threat and combat 
behavior, is stimulating to other males in or near 
breeding condition. Again, the existence of inter
specific differences in waving apparently aid the effi
ciency of simultaneous breeding seasons among sym
patric forms by avoiding incompatible courtships. 
Finally, these differences may serve as an important 
barrier in maintaining distinctions between closely 
associated populations of allopatric forms. 

VI. Functions of Display Territories 

The need remains to return to the role of territory 
in social behavior, this time in relation to the func
tions considered above of combat, threat, and wav
ing display. Display territories may act, it seems, 
rather as artifacts concerned with reproduction. As 
such they have much in common with hypertrophied 
claws and complex display motions. All are devices 
which help bring males and females into a state of 
readiness for mating, ensure that potential partners 
are physiologically in condition for copulation, and, 
finally, bring the members of a pair together. 

To go a step further, territories may be viewed as 
the ritualization of an artifact, a burrow, which most 
of the time is purely a genus-wide defense against 
predators and desiccation. Only during certain 
physiological phases of an individual is it turned into 



SOCIAL PATTERNS 519 

a status symbol. At these times, as already remarked, 
a combat, not a burrow, seems to be of prior impor
tance to the crab. 

It was also suggested that in socially advanced sub
genera, in which the female follows the male below 
ground, the burrow mouth itself may serve as a sign 
stimulus to the female, perhaps merely as a dark 
object seen from crab height. In the ultimate spe
cialization in this connection, it seems possible that 
vertical structures erected beside the burrow by some 
displaying males (p. 499) may be explained as ritu
alized burrow mouths, serving as supernormal sign 
stimuli. This explanation would not, of course, pre
clude their simultaneous usefulness as acoustic 
amplifiers, as suggested by Salmon & Atsaides 
(1968.2). 

VII. Conclusion 

When the complex of social patterns is regarded as 
a whole, it is difficult to avoid the conclusion that 
the varied activities have a stimulating effect on the 
population. The attractions of these views persist, in 
spite of our regrettable dearth of physiological data. 
I think that no one has expressed this attitude as 
well as did Fraser Darling, in a short paper entitled 
"Social Behavior and Survival" (1952), which in 
part is based on his earlier contribution on avian 
sociality (1938). In commenting on the latter paper 
Darling states: 

It held the dual thesis of the reality of social stim
ulation to reproductive condition in such birds as 
are social or colonial at some state of, or through
out, the breeding cycle; and the existence of a 
threshold of numbers in some colonial species, 
which might be critical as to whether the birds 
bred or not. 

Naturally, the extent to which the social factor 
enters into the life of birds varies greatly. In some 
it appears to be sporadic, in others seasonal, and 
in others it constitutes the whole way of life. 
Whereas the benefits of sociality in the lower ani
mals as studied by Allee (1931, 1938) and others 
appear to be physiological in origin, operation, 
and result, the basic element of stimulation in 
avian sociality seems to be psychological and 
psycho-physiological. . . . 

The aggressive quality of bird song has, I think, 
been overemphasized. Proclamation, yes; appar
ently aggressive, yes; no more combative than a 
military tournament of befrogged dragoons, but 
probably even more stimulating. So-called fight
ing, and singing, are in my opinion often a form 
of social stimulation and have indirect survival 
value as aids to development of reproductive con

dition. I should think the term "aggressive behav
ior" could be dropped for a great deal of true 
display. 

It seems that the above remarks apply as well to 
fiddler crabs as to birds and mammals. 

D . RLTUALIZATION AND THE 

ORIGINS OF THE COMPONENTS 

OF SOCIAL BEHAVIOR 

I. Introduction 

Anatomists usually trace with ease the descent of 
even the most unusual anatomical structures. No
body argues with the conclusion that the "fishing-
rods" on the snouts of angler fish, in spite of their 
worm-like bait and luminous bulbs, evolved from the 
first spine of the dorsal fin, which migrated forward 
and burst into specialization. The line of descent of 
the major cheliped in fiddler crabs is far more obvi
ous. Although bizarre and hypertrophied, it un
doubtedly developed directly from a homologous 
appendage found in numerous other animals. Seg
ments have been neither added nor lost and there is 
no question, in spite of altered shapes, of their identi
ties. Even the allometric growth of this appendage, 
so exaggerated in Uca, occurs to some degree in 
many other crabs. 

Unlike the derivation of morphological character
istics, the evolution of behavior patterns is often 
compound in nature, and, in the absence of fossils, 
conclusions can never be proved to the satisfaction 
of everyone. The simpler movements involved in 
basic activities, such as locomotion, can usually be 
satisfactorily traced far back in an animal's ancestry. 
As soon as social patterns are considered, however, 
complexities multiply. Particularly in reproduction 
the sequences often turn out clearly to be formed 
largely from pieces of feeding, cleaning, fighting, and 
other behavior patterns resulting in curious hodge-
podges that somehow work. 

In the course of evolution these parts of patterns 
have with changed functions become simplified, ex
aggerated, or both. Hence they are termed ritualized 
in the senses used by Huxley (1914), Lorenz (1941), 
Baerends (1950), Tinbergen (1952, 1953), Hux
ley et al. (1966), and Eibl-Eibesfeldt (1970). Often, 
too, associated morphological structures are en
hanced by increased size, altered shape, or changed 
color. Through these modifications they are made 
more conspicuous in visual display or otherwise con
tribute toward the production of an unambiguous 
signal in communication. These changes from the 
original form may be startling. Nevertheless, when a 
number of related species, in various stages of dis-
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play evolution, are available for observation, the be
havior in question can frequently be satisfactorily 
traced. And the evidence is often formidable. On 
such evidence the bases of ritualization appear most 
frequently to lie in intention motions and displace
ment behavior. These in turn typically result from 
situations originally involving inadequate motivation, 
conflict, or frustration. 

In classic examples of the derivation of displays 
from such activities, Lorenz (1941) showed the de
velopment of certain duck displays from preening 
and Baerends of stickleback courtship from combi
nations of escape, fighting, and nest-building mo
tions (Baerends, 1950; Baerends & Baerends-van 
Roon, 1950). Similarly Tinbergen (1952) traced 
the courtship of herring gulls through ritualization 
of postures showing conflict between tendencies to 
fight and to submit. In gulls food-gathering motions 
are also incorporated into courtship display. 

In Uca striking parallelisms are apparent with 
such developments in vertebrates. Without the con
cept of ritualization, in fact, both the motions of the 
large claw and the subtler movements of other ap
pendages would be unintelligible from the point of 
view of evolutionary biology. 

II. Displacement Activities 

Displacement behavior is not in itself a regular part 
of any social category, although it is often closely 
associated with threat, combat, and waving display. 
Because it plays, according to the view held in this 
contribution, such an important role in the origins, 
through ritualization, of many social components in 
Uca, an account of its characteristics has been de
ferred to this section. 

This kind of behavior was first reported in the 
genus by Gordon (1955), who described incomplete 
feeding motions in vocans in South Africa. Displace
ment activities also undoubtedly occur throughout 
most if not all of the genus. I have watched them 
often in all species with advanced visual display that 
are well known to me, as well as in the intermediate 
vocans. They are of questionable occurrence only in 
Deltuca in the Indo-Pacific, the subgenus in which 
visual display is least developed. I have observed 
good examples also in the related genus Ilyoplax, 
both in the field in Japan, the Philippines, and Java, 
and in the crabberies in Trinidad. 

Displacement behavior in the sense used here is 
defined as the release of energy, accumulated through 
the frustration of one or more drives, by activity 
characteristic of another drive. For instance, a bird 
often meets a situation where its urge to fight is in 
conflict with its tendency to flee. Under these condi

tions, it may stand still and preen its feathers or even 
go to sleep. 

Fiddler crabs, depending on species and circum
stances, often combine feeding or cleaning motions 
with waving display. They also sometimes stridulate 
or drum when the occasion does not normally elicit 
this response. Often these actions are incomplete or 
ineffective. In a typical example, a crab's minor 
cheliped, in a travesty of feeding motions, pinches 
air near the ground and then raises the claw toward 
the buccal area, where the third maxillipeds are ap
propriately ajar; the claw then is lowered, sometimes 
without even touching the mouthparts. Sometimes 
this feeding motion is even more sketchy, consisting 
of a brief, vertical arc of motion, all in mid-air. Much 
rarer examples emerged from a recent review of old 
motion picture sequences. These showed that several 
instances of drummings by the major cheliped were 
incomplete; the appendage, though vibrated, barely 
failed to touch either the ground with the manus or 
the carapace with the merus. 

Displacement activities are usually clearly distinct 
from intention motions which typically are rather 
easily recognized as low-intensity, preliminary ver
sions of actions that may or may not follow. They 
are also usually, but not always, distinct from the 
simultaneous performance of two different categories 
of behavior, most commonly true feeding and wav
ing. In these situations, one pattern or the other 
usually proceeds at least at moderate intensity, while 
the second, although complete and efficient, is at low 
intensity. In the unequivocal examples of waving-
cum-feeding, there is no apparent stimulus to waving 
display, in the form of either a threatening or ap
proaching male or an approaching or attentive fe
male. The waving continues at a low level, but 
functional feeding proceeds, normal pellets being 
rhythmically discarded. 

In recent years a useful distinction has often been 
made between displacement and redirected activities. 
Examples of the latter term's use concern the sub
stitutions of an inappropriate object as the focus of 
aggressive or courtship behavior which is frustrated 
in its natural expression. In fiddler crabs the dis
placement or redirection is often, in single individ
uals and within a few seconds, so rapidly changed 
and so often only partly ritualized, that it seems best 
to keep terminology at a minimum. 

Such, then, is the type of material on which, I be
lieve, are based many of the social components which 
have evolved in Uca. Even when in a given species 
a displacement motion has most clearly been ritual
ized into a characteristic part of some kind of dis
play, its additional use as an occasional displacement 
activity is sometimes very apparent. When unfamiliar 
species are observed, a useful clue to the history of 
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a puzzling action may sometimes be gained from 
color accents. If, for example, the minor cheliped is 
strikingly whitened, its use during visual display may 
well indicate ritualized motions rather than continu
ing displacement activity. 

Sometimes an effective way of observing displace
ment behavior in the field is simply to watch or 
photograph the crabs at exceedingly close range. The 
procedure works reliably, it is probably needless to 
say, only with small, socially advanced species at the 
height of a vigorous display period. Their conflict, 
then, is between the urge to continue waving and the 
urge to retreat down their burrows. Under these con
ditions display sometimes becomes complicated by 
a variety of extra motions. When observation is based 
on a sufficient knowledge of normal behavior in the 
species and of other members of the genus, the atypi
cal grouping of motions can be enlightening from an 
evolutionary point of view (p. 520). 

III. Derivations of Social Components 

The apparent origins of the components in three 
major categories of social behavior will now be con
sidered. Combat, agonistic postures with their asso
ciated motions, and waving display will be reviewed 
in that order. Sound components both proved and, 
through morphological evidence, apparent will be 
apportioned among the several categories, since 
sound appears sometimes to have been the basis and 
sometimes a result of the development of a compo
nent belonging to another category. 

Precopulatory and copulatory behavior are not in
cluded in the discussion because nothing is known 
of their form in underground matings. Furthermore, 
since we know nothing as yet of the part played by 

Suggested Derivations of the Principal Components 

of Social Behavior in UCA 

Respiration Withdrawal Forceful fighting Feeding Cleaning 

Sound 
production 

chemical factors in behavior, their possible role in the 
derivation of components will obviously have to be 
omitted. Once an adequate foundation of further 
research has been laid, future workers will doubtless 
find open to them another attractive source of rea
soned speculation. 

For ease of reference all the components are re
listed together in Table 21, numbered in accordance 
with their descriptions in the chapter starting on page 
476. The table also gives page numbers covering 
descriptions in each category along with a reference 
to the earlier table showing their known occurrence 
in the genus. No table was supplied for the category 
erected for agonistic postures and motions because 
most of them are found widely or ubiquitously in the 
genus. When the posture is rare the known examples 
are mentioned in the discussion. For further ease of 
reference, each component name will be followed by 
its number prefixed by a letter: C for combat compo
nent numbers, T for threat, W for waving, and S for 
sound. The accompanying diagram shows the general 
pattern of apparent derivations. 

(a) COMBAT 

In the descriptions the first two ritualized com
ponents, manus-rubs and pollex-rubs (CI, C2), are 
regarded as low-intensity combat in distinction to 
the remaining high-intensity components. 

It seems likely that the low- and high-intensity 
ritualized components have been derived from differ
ent sources. These are, respectively, from low-inten
sity, forceful manus-pushes and from high-intensity, 
forceful fighting with linked chelipeds. If, as seems 
certain, the usual direction in combat evolution has 
been toward the reduction of forceful fighting 
through ritualization, one logical point for the appli
cation of a deterrent would be immediately prior to 
the actual grip. The high-intensity components (C3-
C13) all appear to have originated directly from un-
ritualized forceful grips. All take place with the two 
claws partly or wholly in a position for grasping each 
other; when, rarely, a ritualized encounter proceeds 
to a grip, little or no change in basic claw position is 
made. As in social sequences in many other animals, 
the specializations appear to have been added one in 
front of another, the interlace (C9) being perhaps 
the closest now known to the original fighting grip. 

Threat gestures in many animals are themselves 
certainly to be understood as ritualizations of fight
ing, where a weapon, impressive in size or other po
tential advantage, is effectively exhibited. By this 
criterion the threat gestures of crabs including Uca 
all qualify as ritualized fighting. 

We therefore emerge with the following view. 
From forceful fighting in ancestral Uca were derived 
two apparently distinct classes of ritualization. The 
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first consists of threat components, most of which, as 
will be suggested below, are derived largely from in
tention motions of fighting, including exhibition of 
the potential weapon. The origins of the second class, 
composed of the components of ritualized combat 
described above, are less clear. Ritualized they cer
tainly are, in the sense that the original motions have 
been changed and the associated structures trans
formed. Yet no component of ritualized combat ap
pears to be built on a pattern of frustration or on a 
conflict of drives, on intention motions, or on dis
placement behavior. Rather, it seems most likely that 
the principal roots lay in states of low motivation, 
the components evolving through the minute, cumu
lative advantages of brief, less-than-violent encoun
ters, with actual contacts nevertheless at the usual 
points and along the usual edges. In short, when the 
doubtless more venerable threat components were 
not quite strong enough to control contact fighting, 
the forceful grips themselves became transformed 
into additional effective shorteners of the fray. But 
there is no likelihood that the two classes form a sin
gle sequence of evolution. 

In the low-intensity combats formed by manus-
pushes and manus-rubs (CI) a similar course of 
origin may be postulated. Here, again, the forceful 
push is considered basic; I have observed it, although 
casually and imperfectly, in several other ocypodids. 
In Uca combat its usual ritualized form appears to 
be the manus-rub (CI). 

Three sound components, namely claw-rubs, claw-
taps, and interdigitated leg-wags (S14-S16), are all 
associated with combat. The leg-wag is characteris
tic of females. Doubtless all developed in the closest 
association with the diminishing of force during the 
ritualization of combat. More specifically, it seems 
likely that the occasional occurrence of tubercles on 
areas of frequent contact during combat, and the 
consequent production of adventitious sound, led 
through natural selection to the variety of structures 
and behavior patterns now characteristic of ritualized 
combat. Since we know nothing yet of the role, if 
any, played by tactile stimulation, or indeed by sound 
production, in combat, further comment would be 
gratuitous. 

(b) AGONISTIC POSTURES, ASSOCIATED MOTIONS, 
AND THEIR SOUND COMPONENTS 

The first ten postures and motions (A1-A10) all 
have in common the prominent exhibition of the 
major cheliped and are hence confined to males. The 
first five of these appear to have as their bases rather 
simple motions of intention to fight with linked cheli-
peds, or to push away by force a potential opponent 
approaching, or being approached, from the front. 
The raised-carpus (Al) sometimes precedes high-
intensity combat but more often leads to more in

tense frontal threat behavior (A2-A5), or to the 
forceful manus-push or to the ritualized manus-rub 
(CI); usually it subsides without sequel. In short, it 
serves as a non-explicit threat signal of very low 
intensity, with roots that are perhaps similarly plural. 

The derivation of the down-point (A-2) if viewed 
from the point of view of Uca alone, appears to be 
much more directly concerned with high-intensity 
combat than does the raised-carpus, since it appar
ently always precedes high-intensity linkage of cheli-
peds in the four species where it has been observed. 
Thus it seems most likely that the component is de
rived rather simply from a motion of fighting; the 
linkage, when it takes place, proceeds directly from 
the posture, the four claw-tips coming into inter
digitated contact as they leave the ground. An inter
esting point is that this posture, rare in Uca, is wide
ly distributed in other Brachyura (Wright, 1968). 
Since actual combat is little or not at all known in 
these other examples, it is premature to comment 
further. The known examples in Uca are maracoani 
and ornata (subgenus Uca), tangeri (Afruca), and 
inaequalis (Celuca). 

The frontal-arc (A3), with its to-and-fro warding-
off motion, appears in contrast to the down-point 
(A2) to be derived from manus-pushing, rather than 
from high-intensity fights. 

The forward-point and lunge (A4, A5), on the 
other hand, appear again to be intention motions of 
fighting. The after-lunge (A6) differs little or not 
at all from the lunge in posture and motion, yet its 
occurrence almost always follows an actual combat 
and is directed toward a retiring opponent. Once 
more, our ignorance of some of the factors makes 
additional discussion without value. 

The carpus-out, flat-claw, and chela-out (A7-A9) 
each represents a progressive degree of withdrawal 
into the burrow by a burrow-holder when a potential 
opponent is nearby. Each of these components may 
be viewed most simply as a signal of readiness, of 
minimal intention, to fight; in form each is virtually 
only one of the preceding front threat postures, 
standing on end and reduced to minimum intensity. 
Sometimes only the extreme tip of the chela projects 
above ground. Consisting as it does solely of this 
motionless display of part of the potential weapon, 
each can also be considered an ultimate expression 
of a ritualized fight. 

The lateral-stretch (A10), on the other hand, 
nearly ubiquitous in brachyurans, differs little or not 
at all in the social behavior of Uca from the threat 
posture sometimes assumed in the face of a preda
tor. Here the threat is of injury to another species, 
but its origin in an intention posture of attack and 
display of the weapon appears similar. 

Motions corresponding to the creep (Al l ) are 
so widespread in the animal kingdom that its occur-
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rence in fiddlers scarcely needs further comment. It 
forms one more instance of the signal value of ap
parent size-reduction and withdrawal of weapon-
display in situations requiring or inviting withdrawal 
from or appeasement of another's aggressive behav
ior. As in the high-rise (A13), below, its origins 
must lie in the practical importance for many animals 
of large physical size. 

Although a true creep does not seem to occur in 
females, a low posture in this sex, as in so many other 
groups of animals, is a signal of receptivity. 

The prance (A12), now noted with moderate care 
only in males of maracoani, ornata, and pugilator, 
will almost certainly prove to be of wide occurrence 
in Uca. At least occasionally it almost certainly is 
associated with the leg-stamp (S l l ) , which some
times, in the absence of any apparent surface stimu
lus, appears to be directed toward an individual 
underground. The same posture used in threat situa
tions between males within sight of one another 
sometimes show the turned-under dactyls not quite 
touching the ground, and therefore incapable of pro
ducing sound; at these times the prance may be 
viewed as the ritualization of leg-stamping. 

The high-rise (A13) is characteristic of both 
sexes, unlike the preceding components of agonistic 
behavior. It represents the opposite of the creep, ex
aggerating as it does the size of the threatening crab. 
It reflects, once more, the importance of bigness as 
a signal in social behavior. In Uca males, as in other 
animals, the fact upon which it is based is that larger 
crabs in combat induce their opponents to go rapidly 
away more often than do smaller crabs. The high-
rise is often combined with threat motions of the 
major cheliped. Unreceptive females performing a 
high-rise when approached by a male are often effec
tive in deterring him without contact from an attempt 
to mate. Both sexes, but especially females, some
times combine the high-rise with the acoustical sig
nals of leg-wagging (S5). 

It seems likely that the conflict during high-rises 
between tendencies to stay on the surface, feed, 
wave, or enter into combat, depending on circum
stances, may be closely concerned in the origins of 
leg-wagging (S5). The motions are closely similar to 
those involved in true leg-cleaning. Displacement leg-
cleaning is of frequent occurrence in such a situation, 
and the eventual development of acoustical equip
ment through ritualization of leg-cleaning appears to 
be a logical sequel. 

The female's legs-out posture (A14) appears to 
be a special case of the high-rise (A13), indicating 
a stronger degree of rejection. Sometimes it, too, is 
associated with leg-wagging (S5). 

All of the sound components now known appear 
to be primarily threatening in use, whether or not 
they are directly associated with an agonistic posture 

or motion, as often is true of the leg-wag (S5), as 
mentioned above, or with the threatening use of 
waving display. Only one of the group seems also to 
be a characteristic part of intensive courtship in a 
number of species; this is the major-manus-drum 
(S9); it is of course to be expected that others of 
the group are used in courtship underground or at 
night; Salmon & Atsaides (1968.2) considered leg-
wagging in the evening at the surface to be a court
ship signal in two species of Minuca. 

Most of the components also crop up in ambigu
ous situations in the midst of waving display, when 
the displaying crab appears to have his attention 
divided between a female and either another male 
or an outside threat, such as an observer or camera 
close by. In these examples, the motions normally 
associated with sound components appear usually to 
be incomplete, and are therefore then to be classified 
as displacement activities. Feasible bases seem to be 
confined to cleaning and feeding motions. The 
major-merus-rub, minor-merus-rub, minor-claw-rub, 
palm-leg-rub, leg-wag, and leg-side-rub (S1-S6) 
seem to be more allied to cleaning, while the drum
ming of major and minor meri against the carapace 
(S7, S8) are possibly derived from feeding, and the 
minor-chela-tap (S10) more probably from the same 
source. No origin for the leg-stamp (Sl l ) suggests 
itself. Bubbling (SI2) and membrane vibration 
(SI 3) are both derived directly from respiratory 
processes by way, perhaps, of displacement behavior. 

Special mention may be made of the minor-merus-
drum (S8), which seems to be a good example of 
both apparent double ritualization and of ambivalent 
behavior. Whether or not the component was origi
nally derived from feeding, the merus sometimes 
makes apparent drumming contact against some part 
of the suborbital region, although the sound has not 
yet been recorded; this occurs in threat situations 
only. In high-intensity waving display, however, 
festae and lactea sometimes shake the flexed minor 
cheliped in the air well in front of the suborbital re
gion. This of course could be merely displacement 
minor-merus-drumming. At its most conspicuous, 
however, the minor cheliped is constrastingly light
ened, and the motions seem to be an incorporated 
(though occasional) part of the high-intensity wav
ing display; the shaking occurs in both courtship and 
threat, when no conflict seems to be involved. Under 
these conditions, it is a good illustration of the con
cept of ritualization. 

( c ) WAVING DISPLAY AND ASSOCIATED SOUND 

COMPONENTS 

The first eight of the 14 motion components dis
tinguished in waving display are characterized by 
movements of the major cheliped. Of these, the verti
cal-wave (Wl) and the jerking-vertical-wave (W2) 
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seem more likely to have evolved through ritualized 
displacement feeding than from any threat compo
nent, none of which is characterized by the strongly 
flexed cheliped shown in typical displays of Deltuca, 
in which social behavior is least complex (Fig. 87 
A, B). It also seems likely that the vertical wave 
arose in at least some species through an inter
mediate acoustic element, the major-manus-drum 
(S9). In the wave-form shown in certain Deltuca, 
especially in acuta, the likelihood is clear. Addi
tional suggestive examples are given in a few motion-
picture close-ups, made with the camera on or near 
the ground. Here the major manus, although vibrat
ing, does not reach the ground; nevertheless actual 
drumming is an integral part of waving display in the 
two examples, saltitanta and deichmanni, both of 
which belong to the socially advanced subgenus, 
Celuca. The occurrence of incomplete drumming in 
other species, when it is not a part of regular display, 
doubtless represents displacement drumming. 

In contrast to vertical-waves, all waves with dis
tinctly lateral, or obliquely lateral, characteristics 
seem clearly to have evolved from the basic threat 
posture of the lateral-stretch (A10). This derivation 
applies to the semi-unflexed-wave (W3), lateral-
straight-wave (W4), lateral-circular-wave (W5), 
jerking-oblique-wave (W6), reversed-circular-wave 
(W7), and overhead-circling (W8). (Fig. 87 C, D.) 

In many of the displays of many species, the clas
sification of a wave-form as simply vertical or lateral 
would be inaccurate, even in unambiguous displays 
of high intensity, since the cheliped motions show 
characteristics of each, pushing slightly outward, 
obliquely upward, or both. Nevertheless the basic 
derivations even of such complex examples as jerk
ing Minuca and the overhead circling of maracoard 
or ornata, when films are carefully analyzed, seem 
to have more in common with typical lateral wavers, 
their motions appearing more likely to be develop
ments of warding-off threat gestures, than of feeding 
motions. 

All jerking waves (W2, W6) appear unmistak
ably to be compound waves developed from simple 
waves, either vertical or obliquely lateral; each step 
in the ascent following the pause starts at the level 
where the preceding wave reached its peak, without 
or almost without descent. 

The leg-stretch and prolonged leg-stretch (W9, 
W10) are both versions of the high-rise (A13) in
corporated into waving display, without change in 
its function of increasing apparent size. The leg-
wave (W12) is a clear example of a double ritualiza-
tion, having come, it seems evident, straight through 
ritualization of the leg-wag (S5), which in turn 
seems equally obviously to have been derived from 
cleaning motions. In the field all stages of the se
quence, including functional displacement motions 

in appropriate social situations, can sometimes be 
readily observed. The curtsy (W13), characteristic 
of high-intensity courtship in a number of species, 
apparently derives directly from an intention move
ment, with display and burrow descent tendencies in 
conflict. Salmon & Atsaides (1968.2) found it some
times to be preceded in Minuca by the leg-stamp 
(Sl l ) . 

The occasional incorporation of the minor-merus-
drum (S8) into high-intensity waving display was 
described at the end of the preceding section. 

(d) EVOLUTION OF CHIMNEYS, PILLARS, AND HOODS 

The chimney, a wall closely surrounding the bur
row, may have a double origin. The simplest deriva
tion would be from bringing spoil from below, dur
ing excavation, and not tossing it to a distance. Such 
a heap, particularly after development into an en
circling wall, would certainly serve to aid in keeping 
the burrow moist and cool, of special importance to 
ovigerous females. U. urvilleVs chimney is partly 
made in this manner. 

Most chimneys, however, as mentioned earlier, are 
built through scraping mud from a distance of some 
inches, even though excavated mud is still carried or 
flung by the same crab to a similar distance. 

The origin of this behavior must, it seems, be 
through a quite different pattern from that of excava
tion. The only likely activity seems to be the genus-
wide habit of plugging the burrows with a stopper 
brought from some inches away. Since a similar 
function, in the same species and even individuals, is 
often performed by pushing mud up from below, it 
may well be that the origin of the wall is also double. 
It seems most unlikely that chimneys, prevalent in 
the less-specialized subgenera, have evolved from the 
highly specialized, rarely occurring, pillars and 
hoods, limited almost wholly to Celuca. The sub
genus, it will be recalled, is the most specialized sub
genus of all, both in adaptation to littoral life and 
in social behavior. 

The sporadically occurring pillars and hoods are 
probably derived through phylogenetic simplification 
of chimneys. Each pillar or hood is made by bring
ing all material from beyond the burrow mouth; all 
differ strongly from chimneys in being built only by 
males during their display phases. 

Salmon & Atsaides (1968.2) suggest plausibly 
that the structures may serve as amplifiers of acous
tic signals. Still, if hoods are amplifiers they appar
ently do not serve for the amplification of sounds at 
night; there is no evidence that they are constructed 
during nocturnal low tides. 

It also seems likely that pillars and hoods have 
arisen through ritualizations of chimneys, signaling to 
males the presence of a display territory and to fe
males a potential mate. Possibly each structure rep-
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resents, larger than life, the displaying male himself, 
visible outside the burrow to aggressive males and 
passing females even when he is not stretched to dis
play height and even when he is underground. 

Still farther out on the speculative limb is a sug
gestion which, if it proves experimentally to be valid, 
could be the most interesting explanation of all. In 
each of the species concerned, the female, when suf
ficiently stimulated, follows the male below ground. 
After the male vanishes, the only visual guide or 
stimulus for the female in the last several inches is 
the sight of the burrow—a dark object in the terrain. 
This is, of course, in addition to any acoustic signal 
the male may be making, or any stimulating effect 
of a previous visual image the female may retain. 

It seems possible that if such a dark object is a 
releasing or directing mechanism, then a vertical 
dark object may be a better mechanism for attracting 
a female than one that is flat and foreshortened. In 
the highest development of hood-making, the struc
ture fashioned by musica terpsichores alone is usual
ly found on light-colored muddy sand; the shading 
resulting from the concavity would be an effective 
darkener. 

Throughout the pillar-and-hood-making group, 
however, the principle appears the same. Setting a 
facsimile of the stimulus on edge makes it effective 
long before it would otherwise be clearly visible. 
Such a development would parallel the rising of a 
crab to dactyl-tip to wave. If the structure does stand 
for the hole, then it can be regarded as both a super
normal stimulus and a ritualized burrow mouth. A 
special sense for these terms is, then, needed, since 
the original stimulus, the hole, still exists. 

Perhaps, finally, the structure functions in all three 
ways, amplifying sound, increasing the apparent size 
of the crab, and, ultimately, representing the burrow. 

Unquestionably certain populations of pillar-mak
ers are physically unable to fashion the structures 
because of inappropriate substrates. Nevertheless, 
the erratic appearance of pillar-building among and 
within populations remains mysterious. Possibly this 
activity is a case of genetically controlled behavior 
in polymorphic forms. 

E. SUMMARY 

The view is presented that in Uca the burrow has two 
chief functions—to provide shelter and, during the 
display phase of a male, to serve as the center of a 
defended area. These uses are termed basic territo
riality and display territoriality. In this genus terri
toriality seems scarcely concerned with aiding the 
distribution of individuals in accordance with the 
food supply or of stabilizing their numbers. The prin
cipal function of combat may lie primarily in stimu
lating and synchronizing mating behavior, as well as 

in releasing tension during the reproductive period; 
combats often seem to progress for their own sake, 
particularly in highly ritualized mutual encounters. 
While in forceful fighting physical injury virtually 
never occurs, these combats are often prolonged. The 
behavior changes that sometimes follow combat are 
similar, whether the combat has been long and force
ful or short and ritualized. Therefore the main ad
vantage of ritualization in some species appears to 
be the shortening of combats, allowing more time 
both for waving display and for actual courtship. 
This interpretation is inadequate to explain the situ
ation in other species, now under investigation; in 
these forms force itself is ritualized, forming a regu
lar part of many combats; furthermore, during the 
course of a single period of low tide, combat and 
courtship are largely confined to different hours. In 
Uca basic threat postures provide defenses against 
predators, as in numerous other crabs; in addition 
the postures, motions, and acoustic signals have vari
ous signaling functions in both males and females; in 
intermale relations they often discourage contact of 
any kind, thus saving even more time than ritualized 
combat; they are commonly used in females to ward 
off unacceptable males, as well as in occasional inter-
female encounters. Threat postures and acoustic sig
nals also may well prove to have stimulating value, 
both to the actor and to conspecifics. In waving dis
play most of the components are employed both in 
intermale situations and in pure courtship; a very 
few occur only in high intensity courtship, It seems 
certain that waving display serves as an identifica
tion mark, treated variously by conspecifics, depend
ing on sex, physiological stage, and age; and that it 
is stimulating at least to females. Probably it also 
stimulates males; by repelling most other males it can 
in addition avoid the time needed even for threat pos
tures. Interspecific differences in waving patterns dis
courage incompatible courtships among closely re
lated species. The burrow of a waving crab, as well 
as any structure beside it, may be viewed as an arti
fact of display. Displacement behavior is discussed. 
A speculative review follows of the likely derivations 
of the principal components of combat, threat, wav
ing display, and their associated sound components 
through the ritualization of fighting, withdrawal, 
feeding, cleaning, and respiratory activities. The deri
vation appears often to be through the medium of 
displacement activities, as well as, in waving display, 
from threat postures. The more specialized structures 
beside the burrows of some displaying crabs are 
probably derived from moisture-conserving chim
neys that occur rather widely in the genus; their func
tions during display may amplify sound, increase the 
apparent size of the crab and possibly represent the 
burrow. The need for physiological research is 
stressed in several sections. 
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A. INTRODUCTION 

In Uca the evidence on evolutionary trends remains 
indirect. Fossils are confined to three specimens, one 
of them a dactyl, while in related groups they are 
similarly rare. Genetics is untapped. Even the indi
rect evidence is restricted, since our knowledge of 
comparative development, basic physiology, sense 
organs, and neurophysiology is rudimentary or want
ing. Experimental work on behavior is starting, but 
has scarcely begun to extend to the comparative ap
proach; only several releasers have been studied 
experimentally. 

On the other hand, both morphology and behavior 
have yielded information of aid in working out the 
probabilities of fiddler crab descent. Wide distribu
tion, diverse habitats, numerous forms, and social 
complexities all invite comparative studies. Many of 
the results now at hand combine to give persuasive 
evidence on the group's development. 

On the basis of present knowledge, then, the fol
lowing pages will discuss roots of speciation and 
directions of evolution in Uca. With material from 
earlier chapters, connections among the subjects will 
be stressed. The chief of these relationships are out
standing features of morphology and behavior to 
each other, as well as to certain aspects of distribu
tion and ecology. The principal viewpoints are the 
extent of variability, the role of allopatry, and the 
adaptations related to sympatry. Stimuli to evolution 
and rates of change are considered. A phylogeny of 
the group is proposed. Finally a brief discussion 
comments on directions of evolution within the 
group. 

References are largely omitted in this chapter, 
since it is based on material presented in the sys
tematic section (Part One), discussed in the preced
ing chapters of Part Two, and included in the in
dexes. General references to zoogeography, ecology, 
and behavior appear in the introductory sections and 

subsections of the pertinent chapters. Documented 
discussions of allopatry, sympatry, and related topics 
are given, in particular, by Grant (1963) and by 
Mayr (1963, 1970). 

B. PLASTICITY 

The chief characteristics of Uca can usefully be 
viewed in two groups, one including the conservative 
essentials of maintenance and the other the diverse 
features connected with reproduction. 

Adaptations in the first group deal with the indi
vidual's basic needs as an amphibious, filter-feeding 
crab that lives its entire adult life in the intertidal 
zone. They control respiration under fluctuating 
conditions, help retain moisture, extract nourishment 
from the substrate, promote efficient movement out 
of water, and, through vision, vibration receptors, 
and burrowing behavior, provide means of escape 
from predators. All of these functions take place in 
a complex of rhythms controlled at the least by light, 
tide, and seasons. The extremes of ecology to which 
fiddler crabs are exposed are nonetheless limited and 
repetitious; their related adaptations are therefore as 
a whole conservative. For this reason the structure 
of the gills and mouthparts, for example, have lim
ited usefulness in tracing the evolution of the group, 
although some of the details are clearly responsive 
to ecological needs. Similarly, the general shapes of 
the carapace differ little, all species being roughly 
four-sided and slightly broader than long, as are 
numerous grapsoids; the eyes are always erectile on 
definite stalks; the ambulatories show only modest 
ranges in shape and length. Behavior patterns associ
ated with maintenance vary even less; walking, dig
ging, and feeding motions are virtually identical in 
all fiddler crabs. 

Most physiological characteristics in Uca have not 
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yet been examined from a comparative point of view. 
Some topics are beginning to furnish rewarding data 
in relation to ecology; these include species-specific 
tolerances to temperature, salinity, and drought, as 
well as differing requirements in food. All of these 
factors, vital as they are to an understanding of evo
lution, depend on characters which for the practicing 
taxonomist are now largely cryptic and for the evolu
tionary biologist still too little known to be related to 
his information from other disciplines. 

The second group, ultimately concerned with re
production, includes the most striking characteristics 
of appearance and behavior in fiddler crabs. Often 
they prove useful in showing relationships among 
subgenera, species, or both. In morphology the prin
cipal characters are connected with the shape and 
armature of the major cheliped, the armature of the 
orbits and ambulatories, and the shape of the gono-
pod tip. Since parallelism and convergence are ex
tremely common in gonopods, these appendages 
must be used with particular caution as phylogenetic 
clues. In behavior the chief variables are the waving 
patterns of the major cheliped along with associated 
movements of other appendages, a few components 
of combat and threat, the two basic forms of the be
havior of females during courtship, and the shapes of 
any structures fashioned beside the burrows. In dif
ferent categories of social behavior are the relative 
amounts of time devoted to waving display, the peak 
hours of social activity, and the prevalence of dis
placement activities. All these forms of social behav
ior are under the control of at least two internal 
rhythms, which are in turn partly associated with the 
ecologic rhythms listed above. One of these internal 
rhythms is connected with the state of the gonads; 
the other is controlled by short, physiological phases. 
Both groups of rhythms show some differences with
in the genus, although little information is as yet 
available. 

One characteristic that should be specially men
tioned is the sporadic occurrence in Uca of a species 
or subspecies that differs strikingly from its close 
relations in gonopod morphology or waving display. 
As will be shown in the section on sympatry, the evo
lutionary pressure for the peculiarities seems clearly 
to be the maintenance of barriers among forms that 
are sometimes sympatric. The point to emphasize 
here is that the tendencies toward startling change 
are in themselves definite attributes of a subgenus or 
a species. 

Two morphological characters related to each 
other definitely differ among some subgenera, and are 
hence of basic taxonomic usefulness and potential 
evolutionary interest. These are the breadth of the 
front and the lengths of the eyestalks. Unfortunately 
functional reasons for these differences remain 
puzzling. 

C. ALLOPATRY 

As in other advanced groups of animals with many 
surviving species, forms of Uca with different ranges 
often seem clearly to have developed from common 
ancestors. Sometimes their differences from one an
other warrant specific status, their relations being 
indicated in this contribution by their grouping into 
the informal category of superspecies. Sometimes the 
differences appear to require only subspecific status. 
Again, certain populations show very minor and var
iable differences, which either are too poorly known 
to justify the proposal of a subspecific name, or else 
the atypical traits appear sporadically in other parts 
of the species range. 

The strength of these tendencies to differ geo
graphically varies with the terrain. Along the un
broken coasts of Africa and the warmer parts of 
America, the allopatric splitting appears to have been 
less than on the fragmented shores of southeast Asia 
and the adjacent seas. 

For example, no overt differences exist between 
populations of Uca in the Red Sea and those in 
Mozambique that make desirable the proposal of 
subspecies. Although some individuals in the more 
southern populations of lactea annulipes show 
minute differences in claw proportions, these distinc
tions are minimal in comparison with geographic 
distinctions in this species that center in the Sunda 
region to the east. Similarly, along the entire coast 
of west Africa none of the forms into which tangeri 
has been occasionally divided appears to be justified. 

In the western Atlantic, other examples give more 
scope for discussion. Two species range from Florida 
or the Bahamas to southern Brazil, while five more 
occur from the West Indies to Rio de Janeiro. None 
of them seems to me to give valid grounds for the 
erection of subspecies. Yet the direction of the equa
torial current in the northeast part of the bulge of 
Brazil is westward, the counter-equatorial current 
chancy, and the drought-ridden dunes of the region 
inhospitable to fiddler crabs. It may be of course that 
differentiating traits within species on continuous 
warm coasts are chiefly physiological, as we are find
ing is true of temperate forms in the United States 
(p. 441). If so, these cryptic characters contrast with 
the morphological and ethological traits which are 
conspicuous whenever allopatric forms are given 
taxonomic recognition and which, in the considered 
forms, suit a variety of habitats. 

More probably, the widest-ranging species of the 
Americas and Africa do owe their homogeneity, as 
first suggested, to the simple fact of the continuities 
of the coasts and to their relative stability. Even 
along the barren shores of northeast Brazil a few 
havens offer refuge, breaks in the dunes to streams 
behind. Spring tides and rare rains carry megalopa 
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shoreward and infrequently bring hatchlings to the 
open sea. 

In the heart of the Indo-Pacific region, in contrast, 
well-marked subspecies are the rule. This condition 
may be due to the lower hardiness of Indo-Pacific 
larvae under adverse conditions or to shorter devel
opment periods. Yet these suggestions seem unlike
ly. Rather, the explanation must lie partly in the 
sheer prevalence of islands and of broken coastlines, 
as well as in the distances between landfalls. Finally, 
beyond these possible aids to subdivision, the key 
stimuli have certainly been the temporary isolations 
of a continuing volcanic past. 

The characteristics of marginal populations in 
wide-ranging species of Uca have not yet been com
pared in detail with those of populations of the same 
species that are more centrally located. Nevertheless 
it is already clear that the outpost groups show no 
striking tendencies to differentiation. Apparent rea
sons for their continuing similarities to the central 
stocks differ in species that range widely from west 
to east from those with distributions extending far 
to the north. 

Longitudinally, the only examples of marginal 
populations are tetragonon and chlorophthalmus. 
These two species alone reach mid-Pacific. In this 
tropical climate, on the western edge of the Eastern 
Pacific Barrier, and with the major currents directed 
back westward, these populations might be expected 
to show at least tendencies to subspeciation. Such is 
not the case. The survival efficiency of their larvae 
is probably formidable and may be the key factor in 
keeping open the gene pool of these most oceanic of 
Uca. It also seems likely that at least the westward 
counter-equatorial current may be a thoroughfare. 

In populations of Uca at the latitudinal extremes 
of species ranges, accommodation to cold is the usual 
problem, and there is continuity with populations 
from warmer waters. Evolution here may well be 
lethargic because of the few generations possible, 
compared with the nearly continuous breeding found 
in wet tropical regions. 

The topic of mingled populations of allopatric 
forms is crucial to any survey of evolution in the 
genus. In a few cases these overlapping boundaries 
between allopatric species and between subspecies 
are strikingly apparent. Viewed pragmatically, the 
populations are of course sympatric in the most re
stricted sense of the word. They will therefore be 
considered in the next section. 

D. SYMPATRY 

(Figs. 92, 93) 
Twenty years ago the genus Uca appeared to be 
crowded with forms confusingly similar yet occur

ring in the same places and showing no evidence of 
interbreeding. Accordingly, they seemed to meet the 
criterion of species status, "sympatric coexistence 
without interbreeding," although their numbers ap
peared excessive even for a group as diversified as 
fiddler crabs. 

Field work, reviews of the literature, and the study 
of museum collections have now somewhat reduced 
the problem. Potentially sympatric species of Uca 
turned out to be of four kinds. Some, recorded from 
a single locality, proved to occur as adults in distinct 
habitats. Many other records indicating sympatric 
occurrences were based on taxonomic confusions. In 
a third group, juveniles were described or identified 
as different species from the adults. Finally, many 
forms reported from the same place do in fact coexist 
in perfect sympatry, two or more species of great 
similarity mingling on the same strip of shore. The 
members of this final group are the subjects of this 
section. 

The geographic barriers which led eventually to 
instances of sympatry are occasionally apparent. Ex
amples are the repeated topographical changes in 
southeast Asia and emergences of Panama. In par
ticular, the common ancestors of the superspecies 
acuta and of dussumieri in the Tethys area may well 
have been temporarily separated merely by an earlier 
version of the Sunda Shelf. After its submergence, the 
species held distinct. Still later they subdivided, 
through reemergence of the land, to varying degrees 
that still persist. Nevertheless in most cases of sym
patry among very closely related forms the origins 
of the situation are so uncertain that speculation is 
unrewarding. 

As Mayr illustrates in the course of his discussion 
of sympatry (1963: 449ff.), when similar species in 
any group become better known, biologically and 
morphologically, differences between them turn out 
to be numerous. In Uca no instances appear of the 
infrequent, anomalous sort of which an example is 
the pipiens group of Culex. Always, when we have 
enough information, these morphologically similar 
fiddler crabs prove to be distinct in assorted struc
tural and behavioral characters. Usually the pre
ferred microhabitats also differ. 

As in other animals a number of conditions appeal 
to have been prerequisites for sympatry. These are, 
first, a period of geographic isolation, during which 
differentiation of two or more forms became geneti
cally fixed; second, removal of the barriers; third, 
migration into areas of competition; fourth, addi
tional adaptations to food or substrate as needed to 
permit geographic coexistence; fifth, adjustment of 
reproductive morphology, physiology, and mating 
behavior in such ways that productive matings are 
promoted, wasted germ cells avoided, and so, inci
dentally, specific barriers maintained. 
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In Uca the disadvantage of wasting time is prob
ably still another factor in the evolution of distinc
tive mating patterns. Because of the limited inter-
tidal hours available for courtship, behavior that 
discourages the attraction of unsuitable partners 
should have positive value. 

The morphological characters that usually aid 
most dependably in distinguishing species that are 
closely sympatric are the tip of the gonopod and, 
sometimes, the form of the female's gonopore. Be-
haviorly two such species almost always are striking
ly distinct in their waving displays. Sound probably 
will prove also to differ significantly among sym
patric forms. Almost certainly chemical factors pro
vide the remaining principal barriers, but they have 
not been explored. 

Differences in habitat preferences, while often pro
nounced, are at best inefficient dividers between Uca. 
Even species normally found in distinct biotopes 
often intermingle both in areas rich in nourishment 
and along adjacent margins of their preferred niches. 
Differences in breeding seasons, which in many other 
animals form important barriers, are almost non
existent in Uca. 

A final point of interest concerns the increasingly 
apparent tendency of species to differentiate locally 
in waving display, gonopod form, or both, in such a 
way that their characteristics become distinct in rela
tion to the species most closely related to them with 
which they are sometimes sympatric. The principle 
is known in certain birds and other animals when 
allopatric forms occur together in boundary zones. 
Here their differentiating characteristics are often 
more pronounced than in parts of the ranges where 
the two forms are not in contact. 

Nevertheless, the similar phenomenon in Uca ap
pears more complex, since characters which would 
be viewed ordinarily as of specific or at least sub-
specific importance if a restricted part of the range 
were examined prove themselves to be highly plastic. 
It was only when the differing sympatric associates 
of certain allopatric populations were considered that 
the sometimes abrupt differences began to be under
standable, as the following examples will suggest. 

The occurrence of jerking in the waving displays of 
the superspecies coarctata and the species dussu-
mieri. In the Indo-Pacific the most widely ranging 
allopatric Uca is the informal superspecies coarctata. 
Found from east Africa to Fiji and Japan, it is 
divided formally in this study into four species, one 
of which is subdivided into two subspecies. Table 23 
shows these divisions, their ranges, and the waving 
characteristics under consideration, along with those 
of their closest sympatric relations. Figure 90 pre
sents the displays of two of the subspecies in dia
grammatic form, for comparison with those of the 

species sympatric with them. With two exceptions 
the members of the superspecies are the only jerkers 
in the observed sympatric assemblies. In one excep
tion both forcipata and rosea proved to be jerkers, 
although their rhythm, as far as could be determined 
from insufficient observation on rosea, is quite dif
ferent. The second exception concerns populations 
of c. coarctata that are regularly intermingled in the 
Philippines with d. dussumieri—a close relation of 
similar size and appearance. Here both coarctata 
and, in a complete change of its own usual pattern, 
dussumieri jerk vigorously. The display of coarctata, 
however, is fully distinguished by a series of forceful 
diminishing waves that follows each jerking primary 
wave; the diminishing waves are of greater ampli
tude, and hence more conspicuous, than in popula
tions in Fiji, where dussumieri does not occur, or in 
northwest Australia, where dussumieri does not jerk. 
In all of these pairs of Indo-Pacific forms the gono-
pods are distinct. 

In Indo-Pacific narrow-fronts, it will be recalled, 
mating is sometimes not prefaced by waving display, 
although the male is always in a waving phase during 
the low-tide period concerned. Also, the female is 
approached close to her own burrow by the male, 
instead of attracted to his; when unreceptive, she 
either assumes one of the appropriate threat postures 
or simply goes underground down a shaft, which is 
usually too small for the male to use. Thus, the im
portance of waving display in courtship and as a 
species barrier is more questionable than in the so
cially advanced subgenera. Yet the example of sym
patric differences just given indicates a value to the 
species of waving display that is more directly con
cerned with particular potential copulations than 
with any of the other functions of this behavior that 
have been postulated (p. 517). 

Local display differences among forms with similar 
gonopods. In Minuca of the eastern United States an 
evolutionary situation of great interest is becoming 
apparent, through the work of Salmon (1967) and 
of Salmon & Atsaides (1968.1, 1968.2). The spe
cies most concerned are rapax, its northern allopatric 
representative, pugnax, and two related forms on the 
Gulf of Mexico, described by Salmon & Atsaides as 
species and viewed here as subspecies (p. 190). Of 
major interest is the observation that Atlantic coast 
populations of pugnax differ in the distinctness of 
the jerks in their waving display. Once more the ex
planation seems to lie in their sympatric associa
tions. Where the ranges of rapax and pugnax coin
cide in eastern Florida, the jerking of pugnax is 
absent, while that of rapax is as pronounced as 
usual. Farther north, pugnax jerks are distinct, in
dicating that this very common component of wav
ing in many Minuca has been weakened in the 
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coincident area under the pressure of sympatry. 
Differences of similar interest, including both speed 
of waving and acoustic characters, exist among the 
forms occurring sympatrically along the Gulf coast. 

It is noteworthy, in view of these behavioral differ
ences, that in Minuca the gonopods of groups of 
closely related species, even where these regularly 
occur sympatrically, are so similar that they are often 
of little taxonomic use. This is particularly true since 
individuals even within populations show consider
able variation in the one or two details, such as the 
degree of flange projection, that might be helpful. 
We may expect more cases of clear behavioral dis
tinctions to come to light in this group where gono-
pod differences appear to be so slight. 

Regional hypertrophy of gonopod characteristics. 
Throughout practically all the rest of the genus the 
gonopods are specifically distinct and, on the taxo
nomic level, thoroughly reliable. Intraspecific varia
tion is minimal and confined to such non-functional 
parts as vestigial thumbs. Gonopods are also one of 
the best indicators of phylogenetic relationships with
in the group. 

Yet in an Indo-Pacific species, vocans, allopatric 
populations show such exaggerated and contorted 
variations of their parts that in any other instance 
these differences would be considered excellent taxo
nomic characters for defining full species. All other 
morphological and display characteristics, including 
the rather conservative gonopores of the females, 
show at most characters of subspecific value, while 
in colors and ecological niches all the allopatric 
forms are closely similar. Finally, apparent hybrids 
occur in New Guinea and the Philippines (Table 3) . 
To consider these forms full species would certainly 
be unwarranted. 

The explanation for the development of these 
gonopod distinctions seems once more to lie in the 
sympatric associates of vocans. The species shares 
virtually all of its range with tetragonon, a member 
of the same subgenus with a more conservative gono
pod; tetragonon is usually found in more exposed 
locations and shows no definite regional variations 
from Africa to the Tuamotus. Occasionally the two 
species are locally closely sympatric. U. vocans, how
ever, appears regularly to extend its range farther 
north than does tetragonon and the gonopod of this 
northern subspecies approaches the simplicity found 
in tetragonon. 

The sympatric crowding in the Philippines appears 
responsible in vocans for the opposite effect. Here 
the local subspecies often associates with from one to 
five species of the neighboring subgenus Deltuca, 
each of which has a gonopod of basic design similar 
to that of tetragonon and vocans. On these shores 
the gonopod of vocans attains its most contorted 
form. 

There seems to be no question but that in the even 
more crowded parts of the eastern Pacific similar 
explanations will be found for some of the abrupt 
shifts in gonopod form characteristic of the subgenus 
Celuca, where the change from flanged to tubular 
gonopods and perhaps back again has apparently 
occurred several times. 

In a wholly American group, the subgenus Uca, 
occurs an example of gonopod differences with so 
few species involved that the evolutionary pressures 
appear clear. These species are clearly related to the 
Indo-Pacific vocans. Several of the group of six have 
gonopods recognizably similar to the old Indo-
Pacific pattern, as well as to tangeri in the eastern 
Atlantic and, of course, to one another. In the re
mainder of the subgenus, including their allopatric 
members on opposite sides of the Panamanian isth
mus, the gonopods when considered alone appear to 
belong to unrelated forms. Included is an Atlantic 
species, major, in which these organs are flangeless, 
thumbless, and tubular, while their Pacific counter
parts, as well as major's occasional sympatric, mara-
coani, have opposite characteristics of a wholly con
servative nature. Again, the likely explanation for the 
striking difference appears to be the sympatric asso
ciation. 

E. STIMULI TO SPECIATION AND 

RATES OF CHANGE 

Probably the greatest single stimulus to evolution in 
Uca was the presence of suitable habitats in America 
that were incompletely occupied by animals of simi
lar needs, or by animals that succumbed to new com
petition. Here the postulated migrants across the 
Behring Bridge during the early Tertiary could flour
ish in the necessary isolation. Under such conditions a 
consequent burst of speciation would not be surpris
ing. A somewhat similar stimulus was the blocking 
off of the Indian Ocean from the Pacific by the Sunda 
and, probably, Sahuli Shelves. These events, repeated 
a number of times to various degrees of complete
ness, gave recurrent spells of isolation. A third stimu
lus, comparable to the second, was the emergence of 
the Isthmus of Panama, most recently about five mil
lion years ago. A final impetus occurred more recent
ly in the Philippines and East Indies; during the oro-
genic activity of the late Cenozoic, species probably 
evolved rapidly with the appearance of temporary 
barriers and rich new land. 

These four events give some idea of evolutionary 
rates within the genus. 

If the hypothesis of Behring migrations in the early 
Tertiary is accepted, along with the corollary that 
two Indo-Pacific Uca came from American stock, 
then four American subgenera, totaling 45 species, 
developed during some 30 to 55 million years. These 
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totals comprise almost half the subgenera and more 
than two-thirds of the known species, including all 
those that are most specialized for littoral life mor
phologically and most advanced in the development 
of social behavior. The specializations and develop
ments unique to the American subgenera (and to 
tangeri, its one eastern Atlantic derivative), include 
the following: enlargement of branchial chambers; 
maxilliped adaptations for dealing with food particles 
sifted in partly dry, muddy sand rather than in wet 
mud or sandy mud; development of the lateral-circu
lar-wave; development of male-fashioned pillars and 
hoods; development of the female's following of the 
male, leading to copulation beneath the surface; and 
development of special acoustic signaling and com
bat components that do not apparently occur in 
Indo-Pacific subgenera. 

The last closing of a seaway through Central 
America near the end of the Pliocene gives us our 
most exactly known date for the beginning of a 
period of complete isolation in Uca. This land bar
rier last became entire perhaps five million years ago. 
There is no indication whatever that larvae, much 
less adults, have migrated through the Panama Canal. 

During these past five million years five pairs of 
Pacific-Atlantic allopatric species have evolved; the 
10 species total one-quarter of all American forms 
considered in this publication to hold specific rank. 
In three other species the allopatric populations are 
so similar that, for consistency's sake, the members 
of both pairs have been designated subspecies. Most 
of the east-west allopatrics however differ in major 
characteristics of gonopods, gonopores, cheliped 
ridges, and pattern of waving display, the distinctions 
being clearly on the specific level. 

Unfortunately, the duration of the Sunda barrier 
is uncertain. Similarly uncertain is the length of time 
during which took place the major orogenic activity 
in the islands to the east and south of Sunda. Never
theless, it is fairly well agreed that the old Sunda bar
rier broke down very recently, perhaps within the 
last 10,000 years. Since then there has been freedom 
of mingling, so that it is possible to determine how 
fixed had become the reproductive barriers among 
the allopatric forms fostered by the presence of the 
Sunda Shelf. 

Without exception, only minor morphological and 
behavioral differences evolved during the short 
period of isolation. For example, structural changes 
show best in the size of gonopod flanges and degree 
of torsion; in the shape and modeling of the front; 
minor differences in the suborbital system of tuber
cles and ridges; ill-fixed, small changes in the tuber-
culation of the prehensile edges of the claws. In be
havior the differences, confined chiefly as usual to 
waving display, are even slighter, comprising dis
tinctions in the prevalence of jerking, or of seriality 
in the waves; there are also sometimes stronger or 

weaker tendencies to build chimneys or pillars. In 
four species these differences are considered to be on 
the subspecific level, particularly in view of evidence 
of interbreeding where populations coincide; in two 
superspecies the differences are here regarded as of 
specific importance. As usual in such cases, an argu
ment could almost as easily be made for considering 
even these superspecies as species composed of par
ticularly distinct subspecies, in which no evidence of 
interbreeding has been found. (See Tables 2, 3, 6, 
22, and 23, along with the associated portions of the 
text.) 

F. PHYLOGENY 

(Figs. 96-101) 

The distinctness of Uca as a genus has been men
tioned several times in these pages. Ocypode is gen
erally agreed to be its closest relation. Yet the basic 
differences are numerous and no intermediate forms 
remain. 

Uca itself, in contrast, is composed of a wealth of 
radiating species, many of them closely related and 
some of these intermediate between groups. Never
theless, in spite of difficulties, the genus does divide 
into categories which are very distinct, when end 
forms are compared. For evolutionary studies it is 
fortunate that corresponding ecological niches exist 
in the Indo-Pacific and in America. By comparing 
adaptations in the two hemispheres, it is possible to 
separate similarities indicating relationships from 
those which probably represent ecological paral
lelisms and convergences. By this means hypothetical 
ancestors and evolutionary trends can be suggested. 

With this background in mind, then, what were 
the probable characteristics of ancestral Uca1? 

It seems that this crab must have been only mod
erately specialized for an amphibious life or for a 
particular substrate. Its waving display was a simple 
vertical raising and lowering of both flexed chelipeds, 
as in various grapsids and ocypodids, as well as in 
the Uca subgenus Deltuca. Both visual and acoustical 
displays were used, but only in basic territoriality 
and intermale relationships, and little or not at all in 
courtship. Forceful combat certainly existed, since it 
is prevalent in decapods, and probably also, as in 
some other crabs, simple forms of ritualized encoun
ters. The gill system was well developed. The front 
was moderately narrow. The gonopod was of the 
basic type, with well-developed flanges and with the 
broad inner process found in various ocypodid 
genera as in most members of Deltuca, Thalassuca, 
and Minuca. 

The Uca living today that are most similar to this 
hypothetical ancestor comprise the Indo-Pacific sub
genera Deltuca and Australuca. Their patterns and 
armature of social behavior are less highly developed 
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than in the other groups. In general they specialized 
for mud-living through a number of devices that 
seem to facilitate the drainage of liquid mud from 
carapace and appendages. The lower margins of the 
orbits are rolled out, while the suborbital crenella-
tions, always easily clogged, are low and the series 
short. The eyestalks fit loosely in wide sockets. Be
fore the use of cheliped armature was observed in 
the combats of American crabs, it seemed to me that 
the function of chela grooves in Indo-Pacific forms 
must also be to aid in drainage; that potential use 
now seems more dubious but still undetermined. The 
small chelae on mud-dwellers are all well toothed, 
preventing moist mud from sieving through the gape 
on the way to the mouth. Ambulatories are usually 
broadened, perhaps originally only as a hindrance to 
sinking in deep mud, but at least at present thus af
fording an increased area for stridulatory armature. 
In females throughout the genus the ambulatories 
are more frequently broadened and to a greater de
gree, perhaps in adaptation both to the female's car
rying heavy eggs and to her spending much of her 
ovigerous period in very wet areas, near the tide's 
edge; the broadening also provides space for addi
tional stridulatory armature, also better developed in 
females as elsewhere in the genus, her threat and 
combat components being largely restricted to activi
ties of the ambulatories. Display whitening does not 
occur in Deltuca and Australuca. Certain colors, par
ticularly in the young, are often striking; carapace 
spots of blue and red or white in adults have given 
some evidence of use in threat postures. 

In social behavior species of Australuca are slight
ly more advanced than those of Deltuca; they spend 
more time in waving display, the wave is of some
what greater amplitude, and courtship shows the be
ginning of complexities. In particular, a male some
times herds a female toward his own burrow, pushes 
her down it, and then follows. 

In contrast to the foregoing mud-livers, another 
Indo-Pacific subgenus, Thalassuca, is adapted to rel
atively exposed marine habitats—muddy sand near 
low-tide levels, shell-encrusted rocks and dead coral 
in even more exposed localities, and pelagic islands. 
Specializations have perhaps included a longer larval 
period, or at least a period capable of prolongation. 
These crabs lack most of the apparent adaptations 
for mud-living. The orbits are not rolled outward; 
the crenellations are well formed and extensive, ap
pearing equally suitable for water drainage and for 
stridulation. Grooves on the major chela are reduced 
or absent. The small chela gapes more and has 
smaller teeth, since the gobbets of food-bearing sub
strate, large but sandy, apparently are thus brought 
more efficiently to the mouth in the setigerous tips of 
the chelae. Unlike the situation in Deltuca, copula
tion is always preceded by waving display, which, 

however, remains almost purely vertical and without 
complexities. Thalassuca spends far more time in 
waving display even than Australuca. 

From close to the base of Thalassuca probably 
came Amphiuca {chlorophthalmus and inversa). 
The two groups show affinities in their third maxil-
liped gills and in the presence of an accentuated de
pression, almost certainly of importance in combat, 
on the outer pollex base. They differ markedly in the 
gonopods which, as in aberrant Deltuca, have lost or 
modified the flanges, reduced the inner process, and, 
in chlorophthalmus, elongated the tip into a project
ing tube; similar changes in gonopod structure hap
pen sporadically in the subgenus Celuca. They differ 
also in the wider front, smoothness of the manus, and 
in more distinct traces of an incipient lateral wave 
than in any other Indo-Pacific subgenus. 

Except for the broad front and the wave, chlo
rophthalmus and inversa show clearly their less-
specialized origins. The wave is still altogether in a 
single plane and without circularity, in spite of its 
partial laterality. Again, the male still approaches the 
female and mates on the surface. It is interesting, in 
view of the hypothetical origin of American forms 
developed below, that chlorophthalmus females in 
breeding condition build chimneys, as do both some 
Deltuca in the Indo-Pacific and some Minuca in 
America. Thalassuca, on the other hand, build no 
structures whatever. Like Thalassuca, chlorophthal
mus is an adaptable colonizer, and in mid-Pacific is 
found on poorly protected shores; inversa, in con
trast, builds no structures and is confined to pro
tected flats in the extreme western part of the Indo-
Pacific. 

It seems likely that American groups developed 
from one or more stocks ancestral at least to Thalas
suca and probably to Amphiuca. From such a base 
the present-day American subgenera could all logi
cally have developed, including Uca, Minuca, Bobo-
ruca, and Celuca. 

All of these, along with Afruca (tangeri), show 
such similar elaborations of social behavior that it 
seems they must have a common basis. These elabo
rations consist of the following patterns: the attrac
tion of the female to the burrow of the male, with 
mating underground; the development of a circular 
lateral wave widely used in high-intensity display; the 
frequent use of the mero-carpal joint, lower side of 
the manus, and pollex of the major cheliped in drum
ming on the ground; and the sporadic use of curtsies 
in the final stages of courtship. With the possible ex
ception of ground-drumming, none of these speciali
zations occurs in Deltuca, Australuca, Thalassuca, 
or Amphiuca, all of which are restricted to the Indo-
Pacific. 

Beyond these similarities, however, the American 
subgenera differ in outstanding particulars when in-



termediate forms are disregarded. Uca and its rela
tion, Afruca, are closest to the original stock of Tha-
lassuca. Their basic similarities comprise gonopod 
structure, including the tendency of those appendages 
to striking exaggerations and differences among re
lated forms; carapace and cheliped shape; gill struc
ture of the third maxilliped; and the basic form of 
display with the lateral circular element usually weak. 
When in fact a heteropleura (subgenus Uca) is wav
ing on a shore in Panama he bears a striking resem
blance, even in color, to a vocans (Thalassuca) on 
the other side of the Pacific. Nevertheless his is strict
ly an American design, having, in addition to the 
Thalassuca resemblances, all the characteristics listed 
in the preceding paragraph. 

As a whole, the closely related members of 
Minuca are mud-dwellers and correspond ecologi
cally to Deltuca in the Indo-Pacific. Their gonopods 
are of the conservative ocypodid type found in most 
Deltuca and all Thalassuca, with flanges and inner 
process well developed, unlike Australuca and Am-
phiuca in the Indo-Pacific. Chimney-making, a pat
tern often found in Indo-Pacific mud-dwellers far 
back on protected shores, is prevalent in Minuca too; 
it may prove to be chiefly a superficial similarity, re
sulting from equivalent ecologies. Its drainage ar
rangements apparently depend on short sockets, 
smoother appendages, and slender chelae, rather 
than on rolled-out orbits, and, perhaps, the channel
ing aid of grooves on the claw. The broadening of the 
front reaches its maximum in Minuca and remains 
unexplained. It may be nothing more than an inci
dental effect of orbit shortening, resulting in faster 
cleaning. Yet it seems unlikely that this adaptation 
would have evolved along with necessarily shortened 
eyestalks, reducing the field of vision. The slender 
stalks found in Indo-Pacific groups and accentuated 
in the subgenus Uca would, it seems, have proved a 
less expensive cleaning system. Perhaps a broad 
front, simply but importantly, adds space for neural 
connections. Finally, Minuca is especially notable for 
adapting better and more frequently than any other 
group to extremes of drought and cold, through aes
tivation and hibernation. 

The subgenus Boboruca, erected for the Atlantic 
and Pacific allopatric forms of thayeri, in some ways 
resembles Deltuca more closely than do any of the 
other American subgenera. The similarities lie in the 
shape of front and carapace and in its social behav
ior; yet its armature is characteristic of American 
forms. As a whole it appears to be merely a conserv
ative descendent of one of the postulated migrants, 
rather than a more direct representative of an Indo-
Pacific group. The fact that the Atlantic and Pacific 
populations have changed so little since the isthmus 
last emerged further supports this interpretation. 

Except for mud-living adaptations, most speciali-
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zations reach their height in Celuca. Waving display 
is elaborate, with a great increase in waving speed 
and in the time devoted to it; morphological speciali
zations for ritualized combat are most numerous; 
structures beside the burrow, built only by displaying 
males, appear sporadically among the species. In 
Celuca also occurs the highest toleration of exposure 
to air; the equipment to extract nourishment from a 
relatively sandy substrate; the greatest elongation of 
walking legs, providing relative speed in movement 
on the ground; the greatest elongation of the claw, 
and (along with several members of the subgenera 
Uca and Thalassuca) the prevalence in end-forms of 
highly developed display-whitening. Finally, one 
characteristic making possible the explosive evolution 
of Celuca in the eastern Pacific has certainly been 
their small size. 

This is the only American subgenus to occur also 
in the Indo-Pacific, where it is represented by two 
species. One of them, lactea, is not only the widest-
ranging Celuca but one of the most successful species 
in the entire genus. 

G. D I R E C T I O N S O F E V O L U T I O N 

Fiddler crabs have specialized in three principal di
rections. Almost all of their outstanding peculiarities 
now seem rather clearly to indicate these trends. The 
first leads toward a more terrestrial environment, the 
second toward the sharing of habitats by closely re
lated forms, and the third toward sociality. These 
trends appear not only when the genus is viewed as 
a whole but within the larger subgenera. 

Adaptations toward a more terrestrial environment. 
Modern Uca are already well adapted to intertidal 
life. All can withstand exposure to the air, all can 
move efficiently in that thin medium, and all feed 
during low tide by sifting the substrate. Furthermore, 
all use burrows efficiently as protection from desic
cation and predators, while all depend on vision and 
substrate vibration as warning systems. 

Within the group only the adaptations to life out 
of water and to sifting substrate show notable differ
ences. Repeatedly the phylogenetic trend has been 
to move to higher levels of the littoral that are un
covered for longer periods, or to colonize flats that 
are flooded only intermittently. In both these situa
tions even the bottoms of the burrows are sometimes 
dry; moisture conservation then becomes of prime 
importance. The most obvious structural adaptation 
of these species is the increased volume of the cara
pace, attained through arching in all dimensions. A 
similar response is found in the several hibernating 
species. 

The second obvious adaptation of many species 
living higher on the shore is the development of spe-
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cialized setae on the mouthparts. These setae, found 
in species on somewhat sandy, sloping biotopes, are 
shaped for rubbing off food particles clinging to the 
grains of sand. Simpler setae strain out organic mat
ter from the finer silt of more muddy levels. 

Adaptations to sympatry. Although coastlines are 
impressive in mileage, their area is negligible com
pared with those of other habitats on sea and land. 
And of all the stretches of climatically suitable shore, 
only a few offer support to Uca and fewer still pro
vide abundant food. It is in such favored places that 
Uca congregate. This sharing of rich and restricted 
biotopes by related forms requires both that food 
supplies remain adequate and that species barriers be 
maintained. Fiddler crabs have dealt with the first 
requirement partly by miniaturization. This solution 
shows supremely well in the sympatric associations 
of Celuca in the tropical eastern Pacific and, less 
strikingly, of Deltuca in the Philippines. Adjacent or 
coincident microniches with differing foods will 
doubtless also prove to be of major importance for 
sympatry. In these favored localities genetic barriers 
are reinforced principally by differences in waving 
display, form of gonopod, or both; color and acous
tic behavior will probably be found to be of second
ary importance. 

Adaptations to increased sociality. The trend toward 
sociality appears closely related to the first trend 
mentioned—that toward a more terrestrial environ
ment. Throughout the genus the species living closest 
to low-tide levels devote less time to waving display 
during each daytime low; an obvious explanation is 
that there is not enough time both to feed sufficiently 
and to display at length. Although this conclusion is 
probably sound, it does not cover the general princi
ple that in the less social subgenera, in particular 
most Deltuca, waving display is largely confined to 
a few days every two weeks; in socially advanced 
groups the restriction is far less rigid. Since the upper 
levels are nearly always less rich in food than the 
lower, the upward migrations of breeding males in 
socially advanced species solve the time problem at 
the expense of convenient food; it will be remem
bered that these males feed relatively little during 
their display phases, apparently making up for their 
fasting during other parts of their cycle. 

In all these advanced subgenera the males not only 
seek out higher, more open, or conspicuous terri
tories and wave for longer periods but share addi
tional social characters. Their attachment to particu
lar territories is more sustained; their high-intensity 
waving display is faster, more complex, or both; dis
play color change in three subgenera is often striking; 
mating is normally underground instead of on the 
surface, with the female attracted to the male; the 

morphological specializations for stridulation and 
ritualized combat reach their apex; displacement be
havior is prevalent. All of these developments be
come most elaborate in end-forms of Celuca, al
though in some Uca and Minuca similar complexities 
are achieved. In short, the trend is to make social 
behavior more active, more time-consuming, and 
more complex. ' 

The development of species-specific social behav
ior makes possible the full use of coincident and ad
jacent niches by closely similar forms. Behavioral 
diversity makes the crowding possible and probably 
contributes, in a literal feedback mechanism, to the 
richness and attractiveness of the environment. The 
results of crowding by individuals and species are not 
only probable enrichment, for Uca, of the substrate 
through glandular and other contributions. They also 
provide the social stimulus of active animals. 

The high value of social behavior to Uca is strong
ly indicated by the eastern Atlantic species, tangeri. 
With the possible exception of rare strays from un
related subgenera, this fiddler crab shares the coast 
with no other Uca. Yet, in spite of a total lack of 
sympatric associations, it maintains intact a large and 
highly evolved repertoire of social components. 

We do not know with any certainty the advantages 
to Uca that these varied components provide. Only a 
few are fairly apparent when direct courtship behav
ior is observed; here the activities are comparable to 
those of courtship in many other animals. 

On the other hand the emphasis on combat—its 
prevalence, patterns, and equipment—remains a 
puzzle. It is all very well to toss off the whole aston
ishing production as a mechanism for avoiding dam
age, or an activity useful in stimulating and coordi
nating reproduction, or a device for saving time to 
spend, instead, on the immediacies of courtship. 
Doubtless all these notions are true some of the time, 
to some degree, and in some species. Yet, even allow
ing for evolutionary inefficiency and for the impor
tance of minute selective advantage, these suggestions 
do not seem to be enough. They simply do not ex
plain why the greatest variety of morphological de
tails in fiddlers are used only in intermale combat. 

So, the ultimate reasons for Uca's trend toward 
sociality remain mysterious. Vast numbers of marine 
invertebrates, from corals upward, have lived suc
cessfully under crowded conditions with no notable 
development of social behavior at all. Uca, in con
trast, has developed its wealth of social intricacies. 
Threatening, fighting, rubbing, and tapping one an
other, stridulating, drumming, building, chasing, 
waving, curtsying, droving—these and all their fur
ther complexities have evolved from simple begin
nings traceable quite distinctly in living species. 
Limitations in the basic amphibious plan of fiddler 
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existence will probably discourage much further evo
lution. Meanwhile all over the world their habitats 
diminish. 

Yet right now these lively crabs are flourishing 
and await the further study which is their due. Our 
understanding is small and their achievement great. 
Opportunities for a practicing biologist are just about 
unlimited. 

H. SUMMARY 

As in many other animals, the characters in Uca that 
are most helpful in deciphering relationships and 
phylogenetic history are those connected ultimately 
with reproduction. In contrast more conservative 
structures and behavior patterns maintain the indi
vidual. The traits showing the greatest diversity are 
the armature of appendages and orbits, form of gon-
opod, and patterns of waving display. Allopatric divi
sions are most prevalent in the heart of the Indo-
Pacific, where orogenic action subjected the fauna to 
temporary partitions; marginal populations, on the 
other hand, in this genus are conservative; intermedi
ate are forms living along the relatively unbroken 
coasts of Africa and America. 

Differences in waving display and gonopod shape 
are apparently important means through which forms 
living in close sympatry avoid wasted courtship time 

and ineffective matings. In several species either the 
display or the gonopod or both show changes from 
their expectable patterns when the range coincides in 
part with that of a close relation. Since in sympatric 
communities breeding periods are usually synchro
nous and habitats overlapping, seasons and niches 
are largely ineffective in maintaining specific barriers. 

The strongest stimuli to speciation in Uca were 
probably the presence of available biotopes in Amer
ica and the intermittent barriers of both the Pana
manian isthmus and the Sunda Shelf. The subgenera 
showing the highest specializations in both structure 
and behavior appear to have arisen in America. The 
degrees of differences are described that developed 
during the known periods of isolation. A phylogeny 
is proposed in which the Indo-Pacific subgenus Del-
tuca is held to be closest to the ancestral stock, while 
the American subgenus Celuca shows the greatest 
number of species and extremes of specializations. 
The genus as a whole has evolved in three principal 
directions. The first of these has been toward a more 
terrestrial environment, through devices for avoiding 
desiccation and for utilizing food from the upper lit
toral; the second, toward sympatric sharing of habi
tats, is aided by miniaturization as well as by struc
tural and behavioral differences; the third and last 
trend has been toward increasing complexity of social 
organization. 





Plates 

INTRODUCTION 

In every plate in which four aspects of a specimen 
or specimens are illustrated that are members of one 
species or subspecies, A and E are dorsal views; B 
and F, anterior views; C and G, outer views of the 
major claw (propodus and dactyl); D and H, inner 
views of the major claw. For nomenclature of the 
parts, see Figs. 1, 2, 3, 42, 43, and 44, as well as 
Table 13. In plates where four aspects are not illus
trated, the views are individually identified; the word 
"claw" always refers to the major claw. 

In the captions the carapace length of the speci
men photographed is stated, in the belief that it will 
give a better idea of the size of the specimen than 
would the degree of magnification or the dimensions 
of the front or claw. 

Abbreviations of institution names, given in full on 
p. 678, indicate the sources of photographed speci
mens and include catalogue numbers where these 
are available. All NYZS specimens are now on de
posit in the USNM (see p. 591). 
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PL. 1. A-D. Uca {Deltuca) acuta rhizophorae. Sara
wak: Santobong. Carapace lgth. 10 mm. 
NYZS. (P. 27.) 

E-H. Uca (Deltuca) acuta acuta. China. Cara
pace lgth. 13 mm. USNM 57033. (P. 
28.) 
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PL. 2. A-D. Uca (Deltuca) rosea. Malaya: Penang. 
Carapace lgth. 12 mm. NYZS. (P. 29.) E-F. Uca (Deltuca) dussumieri dussumieri. 

Java: Semarang. Carapace lgth. 14 mm. 
Leptochelous individual. Paris: lectotype 
of Gelasimus dussumieri, claw. (P. 35; 
Figs. 8, 9.) 



PL. 3. A-D. Uca (Deltuca) dussumieri dussumieri. 
Philippine Is.: Zamboanga. Carapace 
lgth. 13 mm. Leptochelous individual. 
NYZS. (P. 37.) 

E-H. Uca (Deltuca) dussumieri spinata. Singa
pore. Carapace lgth. 20 mm. Brachy-
chelous individual. NYZS. (P. 36.) 
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PL. 4. ;4-£>. C/ca (Deltuca) demani australiae. Aus
tralia: Broome. Carapace Igth. 14.5 mm. 
USNM 64250. (P. 41.) 

E-H. Uca (Deltuca) demani typhoni. Philip
pine Is.: Iloilo. Carapace Igth. 18 mm. 
USNM 73201. (P. 41.) 
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PL. 5. A-D. Uca (Deltuca) arcuata. Japan. Carapace 
lgth. 19 mm. USNM 17762. (P. 44.) 

E-F. Uca (Deltuca) arcuata. China. Carapace 
lgth. 15 mm. Paris: from type material 
of Gelasimus brevipes; claw. (P. 47; 
Figs. 8, 9.) 

G-H. Uca (Deltuca) forcipata. Malaya. Cara
pace lgth. 10.5 mm. BM reg. no. 
44.106: holotype of Gelasimus forci-
patus; claw. (P. 51.) 
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PL. 6. A-D. Uca (Deltuca) forcipata. Singapore. 
Carapace lgth. 16 mm. NYZS. (P. 48.) 

E-H. Uca (Deltuca) coarctata coarctata. Fiji 
Is. Carapace lgth. 15 mm. NYZS. (P. 
55.) 
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PL. 7. A-D. Uca (Deltuca) coarctata coarctata. Aus
tralia: Gladstone. Carapace lgth. 16 mm. 
NYZS. (P. 55.) 

E-H. Uca (Deltuca) coarctata coarctata. Phil
ippine Is.: near Manila. Carapace lgth. 
14 mm. NYZS. (P. 55.) 

/-/. Uca (Deltuca) coarctata coarctata. 
"Odessa." Carapace lgth. 11 mm. Paris: 
from type material (not lectotype) of 
Gelasimus coarctatus; claw. (P. 55.) 
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PL. 8. A-D. Uca (Deltuca) coarctata flammula subsp. 
nov. Australia: Port Darwin. Carapace 
lgth. 17.5 mm. NYZS. (P. 56.) 

E. Uca (Deltuca) coarctata flammula. Aus
tralia: Cossack (lat. 20°40' S., long. 
117°5' E.) , Propodus lgth. 75 mm. Col
lection of Wm. Macnae; outer claw. 



PL. 9. A-B. Uca (Deltuca) urvillei. "Vanikoro." Car
apace lgth. 11 mm. Paris: Type of Gela-
simus urvillei; claw. (P. 60; Figs. 8, 9.) 

C-D. Uca (Deltuca) urvillei. India: Malabar 
Coast. Carapace lgth. 17 mm. Paris: 
from type material of Gelasimus dussu-
mieri. (P. 60; Figs. 8, 9.) 

E-H. Uca (Deltuca) urvillei. Tanzania: Pemba 
I. Carapace lgth. 18.5 mm. NYZS. (P. 
58.) 



P L . 10. A-D. Uca {Australuca) bellator bellator. Phil
ippine Is.: near Manila. Carapace lgth. 
10 mm. NYZS. (P. 66.) 

E-F. Uca {Australuca) bellator bellator. Phil
ippine Is. Carapace lgth. 12.5 mm. BM 
Reg. No. 43.6: holotype of Gelasimus 
bellator; claw. (P. 66.) 

G-J. Uca {Australuca) bellator signata. Aus
tralia: Gladstone. Carapace lgth. 9.5 mm. 
NYZS. (P. 67.) 

1*' 
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PL. 11. A-D. Uca (Australuca) bellator longidigita. 
Australia: Brisbane. Carapace lgth. 10.5 
mm. NYZS. (P. 68.) 

E-H. Uca (Australuca) bellator minima subsp. 
nov. Australia: Port Darwin. Carapace 
lgth. 5 mm. NYZS. (P. 68.) 
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PL. 12. A-D. Uca (Australuca) seismella sp. nov. Aus
tralia: Port Darwin. Carapace Igth. 7 
mm. NYZS. (P. 70.) 

E-H. Uca (Australuca) polita sp. nov. Aus
tralia: Gladstone. Carapace Igth. 9.5 mm. 
NYZS. (P. 72.) 



550 

.vW*' 

PL. 13. A-D. Uca (Thalassuca) tetragonon. Ethiopia: 
Massawa. Carapace lgth. 16 mm. NYZS. 
(P. 77.) 

E-H. Uca (Thalassuca) tetragonon. Society Is.: 
Tahiti. Carapace lgth. 22 mm. NYZS. 
(P. 77.) 
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P L . 14. A-D. Uca (Thalassuca) formosensis. Taiwan: 
Taihoku. Carapace lgth. 15 mm. USNM 
55386. (P. 83.) 

E-H. Uca (Thalassuca) vocans vocans. Philip
pine Is.: Madaum. Carapace lgth. 12.5 
mm. (P. 92.) 
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P L . 15. A-D. Uca (Amphiuca) chlorophthalmus cras-
sipes. Society Is.: Tahiti. Carapace lgth. 
13 mm. NYZS. (P. 101.) 

E-F. Uca (Amphiuca) chlorophthalmus cras-
sipes. Philippine Is. Carapace lgth. 11 
mm. BM reg. no. 43.6: holotype of 
Gelasimus crassipes; cheliped. (P. 101.) 

G-J. Uca (Amphiuca) chlorophthalmus chlor
ophthalmus. Tanzania: Pemba I. Cara
pace lgth. 10 mm. NYZS. (P. 102.) 
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PL. 16. A-D. Uca (Amphiuca) inversa inversa. Tan
zania: Zanzibar. Carapace Igth. 11 mm. 
NYZS. (P. 107.) 

E-H. Uca (Amphiuca) inversa sindensis. Pak
istan: Karachi. Carapace Igth. 7 mm. 
NYZS. (P. 108.) 
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PL. 17. A-D. Uca (Boboruca) thayeri umbratila. East
ern Pacific: Costa Rica (Golfito). Cara
pace lgth. 16 mm. NYZS. (P. 113.) 

E-H. Uca (Boboruca) thayeri thayeri. West 
Indies: Trinidad. Carapace lgth. 17.5 
mm. NYZS. (P. 114.) 
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PL. 18. A-D. Uca (Afruca) tanged. Angola: Luanda. 
Carapace Igth. 25 mm. NYZS. (P. 118.) 

E-H. Uca {Uca) princeps monilifera. Mexico, 
in Gulf of California: San Felipe. Cara
pace Igth. 29.5 mm. USNM 67735. (P. 
131.) 
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PL. 19. A-D. Uca (Uca) princeps princeps. Eastern 
Pacific: Costa Rica (Golfito). Carapace 
lgth. 23 mm. NYZS. (P. 131.) 

E-H. Uca (Uca) heteropleura. Eastern Pacific: 
Panama (Panama City). Carapace lgth. 
12 mm. NYZS. (P. 133.) 
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PL. 20. A-D. Uca (Uca) stylifera. Eastern Pacific: 
Nicaragua (Corinto). Carapace lgth. 18 
mm. NYZS. (P. 140.) 

E-H. Uca (Uca) major. Venezuela: Turiamo. 
Carapace lgth. 14 mm. NYZS. (P. 136.) 
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PL. 21. A-D. Uca (Uca) maracoani maracoani. Guy
ana: Georgetown. Carapace lgth. 25 mm. 
NYZS. (P. 147.) 

E-H. Uca (Uca) ornata. Eastern Pacific: Pan
ama (Panama City). Carapace lgth. 29 
mm. NYZS. (P. 150.) 
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PL. 22. A-D. Uca {Minuca) panamensis. Eastern Pa
cific: Colombia (Humboldt Bay). Cara
pace lgth. 12 mm. AMNH 7605. (P. 
158.) 

E-H. Uca {Minuca) pygmaea. Eastern Pacific: 
Colombia (Buenaventura). Carapace lgth. 

"5 mm. NYZS. (P. 161.) 
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PL. 23. A-D. Uca {Minuca) vocator ecuadoriensis. 
Eastern Pacific: Ecuador (Guayaquil). 
Carapace lgth. 13.5 mm. NYZS. (P. 
166.) 

E-G. Uca {Minuca) vocator vocator. Venezu
ela: Maracaibo. Carapace lgth. 14.5 mm. 
G = inner side of claw. NYZS. (P. 166.) 
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PL. 24. A-D. Uca (Minuca) vocator vocator. West In
dies: Trinidad (Caroni Swamp). Cara
pace lgth. 17.5 mm. Leptochelous form. 
NYZS. (P. 166.) 

E-H. Uca (Minuca) burgersi. West Indies: 
Tobago. Carapace lgths.: E, F, 9 mm-
G, H, 10.5 mm. NYZS. (P. 168.) 
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PL. 25. A-D. Uca (Minuca) mordax. Brazil: Belem. 
Carapace lgths.: A, B, 13.5 mm; C, D, 
13 mm. NYZS. (P. 173.) 

E-H. Uca {Minuca) minax. United States: 
New Jersey (near Quinton). Carapace 
lgth. 28 mm. NYZS. (P. 176.) 



„ * 

563 

<*.r^r 
/ > 

h S * i i s ^ > i % jV-v.* •••": ' - " 
aETiKWIv..../... •(,. .1.; i. . -

/ * * 

^ . . $ > * - * • - ; 

toif-V'S^F;''' 
' • ^ 

P L . 26. A-D. Uca (Minuca) brevifrons. Eastern Pa
cific: Panama (Pinas R.) . Carapace Igth. 
14 mm. AMNH 10702. (P. 180.) 

E-H. Uca {Minuca) galapagensis galapagensis. 
Eastern Pacific: Ecuador (Guayaquil). 
Carapace Igth. 14.5 mm. NYZS. (P 
187.) 
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PL. 27. /4-D. t/ca (Minuca) rapax rapax. West Indies: 
Trinidad (Cocorite Swamp). Carapace 
lgth. 12 mm. NYZS. (P. 196.) 

E-H. Uca (Minuca) pugnax pugnax. United 
States: New York (Oyster Bay). Cara
pace lgth. 12 mm. NYZS. (P. 203.) 
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PL. 28. A-D. Uca (Minuca) zacae. Eastern Pacific: 
Costa Rica (Golfito). Carapace Igth. 6 
mm. NYZS. (P. 206.) 

E-H. Uca (Minuca) subcylindrica. United 
States: Texas, Carapace Igth. 9 mm. 
USNM 99826. (P. 209.) 
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PL. 29. A-D. Uca (Celuca) argillicola. Eastern Pacific: 
Panama (Pearl Is.). Carapace lgth. 9 
mm. (P. 220.) 

E-H. Uca {Celuca) pugilator. United States: 
Florida (near Daytona Beach). Carapace 
lgth. 13 mm. NYZS. (P. 223.) 



E-H. 

P L . 30. A-D. Uca {Celuca) Uruguayensis. Uruguay: 
Maldonado. Carapace lgth. 8 mm. MCZ 
5926. (P. 229.) 
Uca {Celuca) crenulata crenulata. Mex
ico: Lower California, west coast (Todos 
Santos Bay). Carapace lgths.: E, F, 12 
mm.; G, H, 11 mm. USNM 19033. (P 
234.) 

/. Upper: Uca {Celuca) crenulata colora-
densis. Mexico: Gulf of California, near 
mouth of Colorado R. Carapace lgth. 11 
mm. USNM 18292. (P. 234.) 
Lower: Uca {Celuca) crenulata crenu
lata. Mexico: Lower California, west 
coast (Todos Santos Bay). Carapace lgth. 
10.5 mm. USNM 19033. (P. 234.) 
Obliquely dorsal view of major manus 
and dactyl in each subspecies. 
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PL 31 A-D Uca (Celuca) speciosa speciosa. United 
States: Florida (Miami). Carapace lgth. 
8 mm. NYZS. (P. 238.) 

E-H. Uca (Celuca) speciosa spinicarpa. United 
States: Mississippi. Carapace lgth. 11 
mm. USNM 90305. (P. 239.) 



PL. 32. A-D. Uca {Celuca) cumulanta. West Indies: 
Trinidad (Diego Martin). Carapace 
lgths.: A, B, 8.5. mm; C, D, 9 mm 
NYZS. (P. 240.) 

E-H. Uca {Celuca) batuenta. Eastern Pacific: 
Panama Canal Zone (Balboa). Carapace 
lgth. ca. 4.5 mm. NYZS 4122 = USNM 
137406; paratype. (P. 244.) 
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PL. 33. A-D. Uca (Celuca) saltitanta. Eastern Pacific: 
Panama Canal Zone (Balboa). Carapace 
lgths.: A, B, 5.7 mm; C, D, 5.5 mm. 
NYZS. (P. 247.) 

E-H. Uca (Celuca) oerstedi. Eastern Pacific: 
Panama (Panama City). Carapace lgth. 
6.5 mm. NYZS. (P. 251.) 
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PL. 34. ^-D. f/ca (Celuca) inaequalis. Eastern Pacific: 
Ecuador (Guayaquil). Carapace lgths.: 
A, B, 6 mm; C, D, 6.2 mm. NYZS. (P 
254.) 

E-H. Uca (Celuca) tenuipedis. Eastern Pacific: 
Costa Rica (Ballenas Bay). Carapace 
lgth. 5 mm. NYZS 381,144 = USNM 
137410; paratype. (P. 258.) 
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PL. 35. A-D. Uca (Celuca) tomentosa. Eastern Pacific: 
Costa Rica (Puntarenas). Carapace lgth. 
6.6 mm. NYZS 381,132 = USNM 
137411; holotype. (P. 261.) 

E-H. Uca (Celuca) tallanica. Eastern Pacific: 
Ecuador (Puerto Bolivar). Carapace 
lgth. 7 mm. NYZS. (P. 264.) 
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PL. 36. A-D. Uca (Celuca) festae. Eastern Pacific: 
Ecuador (Guayaquil). Carapace lgths. 
A, B, 7.2 mm; C, D, 8 mm. NYZS. (P. 
267.) 

E-H. Uca (Celuca) helleri. Eastern Pacific: 
Galapagos Is. Carapace lgth. 6.8 mm. 
USNM 25666. (P. 271.) 



PL. 37. /i-Z>. £/ca (Celuca) dorotheae. Eastern Pacific: 
Ecuador (Puerto Bolivar). Carapace 
lgths.: A, B, 7 mm; C, D, 8 mm. NYZS. 
(P. 275.) 

E-H. Uca (Celuca) beebei. Eastern Pacific: 
Panama (Panama City). Carapace lgth. 
5.5 mm. NYZS. (P. 278.) 



575 

PL. 38. A-D. 

E. 

F-H. 

I-J. 

K-L. 

Uca (Celuca) stenodactylus. Eastern 
Pacific: Nicaragua (Corinto). Carapace 
Igth. 7.5 mm. NYZS. (P. 282.) 
Uca {Celuca) triangularis bengali. Ma
laya: Penang. Carapace lgth. 7 mm. Dor
sal view. NYZS. (P. 290.) 
Uca (Celuca) triangularis triangularis. 
Philippine Is.: Madaum. Carapace lgth. 
7 mm. H, outer claw. NYZS. (P. 290.) 
Uca (Celuca) triangularis triangularis. 
New Caledonia. Carapace lgth. 8 mm. 
Paris: "type non specifie" of Gelasimus 
triangularis; claw. (P. 289.) 
Uca (Celuca) triangularis bengali. Claw. 
Other data as in E. 



^/fl j iWj&iS^, 

*$&&' •*?» * „^?»^> 

^ S % ~ % i 

PL. 39. /4-£>. t/ca (Celuca) lactea annulipes. Mozam
bique: Inhaca I. Carapace lgth. of speci
men providing all views except outer 
views of claws below the uppermost in 
C, 10.5 mm. Additional claws from spec
imens of similar size in same population. 
NYZS. (P. 299.) 

E-F. Uca (Celuca) lactea perplexa. Fiji Is. 
Carapace lgth. 9 mm. E, dorsal view; F, 
outer claw, showing extreme example of 
pollex profile characteristic of this sub
species. NYZS. (P. 300.) 
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PL. 40. A-B. 

C-D. 

Uca (Celuca) lactea lactea. Japan. Cara
pace lgth. 11.5 mm. Paris, from Leiden; 
perhaps a cotype of Gelasimus lacteus; 
claw. (P. 298.) 
Uca (Celuca) lactea annulipes. "Mer des 
Indes." Carapace lgth. 10.5 mm. Paris: 
lectotype of Gelasimus annulipes; claw. 
(P. 298.) 

E-F. Uca (Celuca) lactea. Australia. Propodus 
lgth. 32 mm. Paris: claw of composite 
type of Gelasimus forceps. (P. 298.) 



PL. 41. A-D. Uca (Celuca) leptodactyla. Venezuela: 
Turiamo. Carapace lgths.: A, B, ca. 5.2 
mm; C, D, 5.5 mm. NYZS. (P. 304.) 

E-H. Uca (Celuca) limicola. Eastern Pacific: 
Costa Rica (Golfito). Carapace lgths.: 
E, F, 6.2 mm; G, H, 7 mm. NYZS. 381,-
153 = USNM 79401; paratypes. (P. 
308.) 



579 

mmm 

PL. 42. A-D. Uca (Celuca) deichmanni. Eastern Pa
cific: Costa Rica (Golfito). Carapace 
lgths.: A, B, 6 mm; C, D, 6.2 mm. 
NYZS. (P. 311.) 

E-H. Uca (Celuca) musica terpsichores. East
ern Pacific: Costa Rica (Golfito). Cara
pace lgths.: E, F, 5.5 mm; G, H, 6 mm. 
NYZS. (P. 316.) 
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PL. 43. /4-D. C/ca (Celuca) musica musica. Mexico: 
Gulf of California, east coast (San Bias). 
Carapace lgths.: A, B, 6 mm; C, D, 5.8 
mm. USNM 99755. (P. 317.) 

E-H. Uca (Celuca) latimanus. Eastern Pacific: 
Panama Canal Zone (Balboa). Carapace 
lgth. 8 mm. NYZS. (P. 319.) 
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PL. 44. A. 

B. 

A f t 

One excellent habitat for fiddler crabs: a 
sheltered bay in the tropics, with a wide 
tidal range, a beach of sandy mud, and 
mangroves standing close to the mouth 
of a stream. Locality: the Pacific coast 
of Costa Rica, near Port Parker. 
A living male fiddler crab, Uca (Uca) 
maracoani maracoani, in Trinidad. (P. 
147.) 

• B 
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PL. 45. 

B. 

C. 

D. 

F. 
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Combat in C/ca. (P. 485.) All photo
graphs made from 16 mm color motion 
picture frames. 
Low intensity: the manus-push in 
(Celuca) lactea annulipes in a combat 
between two burrow-holders. Singapore. 
An irregular, forceful fight between a 
burrow-holder and an aggressive wander
er in (Uca) maracoani maracoani. Trini
dad. 
High-intensity ritualized combat in 
(Minuca) rapax rapax, in Trinidad. Tap 
following a heel-and-ridge in homo-
clawed combat. The actor is the crab on 
the right. His dactyl is striking the heel 
of his opponent's manus while his pollex 
is free. 
Same combat as in C. Alternate stroke 
showing the actor's pollex against his op
ponent's invisible oblique ridge, on inner 
side of manus. 
A heteroclawed combat occurring in the 
same population, showing the interlace 
component. The actor is on the right. 
The teeth near his dactyl's base are start
ing to rub downward against the ridges 
of his opponent's inner manus, which 
parallel the dactyl's base. 
Same combat as in E, near end of the 
downward stroke. 

! ' J F 



PL. 46. Major claws in Uca. A'C, depressed areas 
at base of pollex that apparently facili
tate seizure by an opponent during 
forceful combat. D-F, healed puncture 
wounds, apparently received in combat. 
(P. 515.) 

A. (Deltuca) forcipata; outer claw. Data as 
in PI. 6 A-D. 

B. (Amphiuca) chlorophthalmus crassipes; 
outer claw. Data as in PI. 15 A-D. 

C. (Deltuca) coarctata coarctata; inner 
claw. Data as in PI. 6 E-H. 

D. (Deltuca) coarctata coarctata; outer 
claw. Data as in PI. 7 E-H. 

E. (Australuca) seismella; inner claw. Data 
as in PI. 12 A-D. 

F. (Deltuca) demani typhoni; data same as 
in PI. 4 E-H. 
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PL. 47. Examples of sound production in Uca. 
All the sounds were made by burrow-
holding males following the withdrawal 
of an intruding conspecific male. (P. 
484.) 

A. (Thalassuca) vocans pacificensis. Fiji Is. 
Time scale: 1 sec. = 12.5 cm. 

B. (Celuca) cumulanta. Trinidad. Time 
scale: 1 sec. = 12.5 cm. 

C. (Celuca) lactea annulipes. Red Sea. 
Time scale: 1 sec. = 12.5 cm. 

D. (Celuca) lactea perplexa. New Cale
donia. Time scale: 1 sec. = 12.5 cm. The 
lower strip is a continuation of the upper. 
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PL. 48. Activities by a single male, performed in 
sequence around his burrow. (Celuca) 
latimanus. Panama Canal Zone: Balboa. 
(P. 319.) 

A. Feeding. 
B. Building hood. 
C. Waving display. The crab has now as

sumed display white. 
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PL. 49. An example of hood construction at the 
peak of its development, both in relative 
size and in symmetry. Its builder is 
(Celuca) musica terpsichores; carapace 
lgth. ca. 7 mm. Panama Canal Zone: 
Balboa. (P. 500.) 
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P L . 50. Courtship in Uca. (P. 500.) 
A. A group of males, chelipeds in rest posi

tion, face a wandering female as she 
crouches momentarily motionless. As 
soon as she started to walk again, the 
males resumed waving, turning as neces
sary to keep their anterior aspect directed 

toward her. (Celuca) lactea annulipes. 
Singapore. 
Two males displaying toward a conspe-
cific female, (Celuca) stenodactylus. The 
third male, facing to the left and not 
waving, is a member of a closely related 
species, (Celuca) beebei. Panama Canal 
Zone: Balboa. 
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Appendix A. Material Examined 

It would be misleading, it seems, to list the total num
ber of specimens of each species examined in the 
course of this study: the significance of the word 
examined changes from one species to the next. 
Sometimes, a great deal of time and effort was spent 
on a few specimens; in other cases, large numbers 
of individuals were examined, as in lactea, but the 
detailed work on most of these extended only to the 
gonopods and general claw shape, in order to estab
lish subspecies and determine their ranges; only in 
series from selected localities did detailed study and 
comparison extend to many characters. 

Comparison of the space consumed in the listing 
gives an idea of the totals, and in any individual case 
the numbers can be added up; general remarks on 
abundance or scarcity of a species in nature are 
usually included, when either attribute is noteworthy, 
in the introduction to each species. 

Again, in most species the numbers of individuals 
observed in life far exceeded those I collected for 
later study or examined in other institutions. Even 
more than with the preserved material, of course, the 
detail with which living specimens were observed 
varied from species to species. An indication of my 
familiarity with each is given in the species treat
ments under the heading Field Material. 

Probably the most useful function of this appendix 
is to show the present location of the material. The 
full names and addresses of the institutions abbrevi
ated (USNM, BM, etc.) in the lists below appear on 
p. 678. 

All of the specimens collected in the course of this 
study and formerly in the collections of the New 
York Zoological Society (NYZS) are now in the 
Smithsonian Institution, National Museum of Natu-: 
ral History, Washington (USNM). Type specimens 
included in that collection have already been assigned 
numbers by the museum and these are included here. 
Numbers for the rest of the specimens, indicated be
low simply by "(NYZS)," can be obtained directly 
from the museum: enough data are given in the list
ing to facilitate their selection there for future exami
nations; these numbers range approximately from 
138043 to 138877. The great majority of the total 
number of preserved Uca in the world are deposited 

in the Smithsonian; even before the addition of the 
New York Zoological Society material the collection 
was by far the largest in existence; the total collec
tion probably now numbers about 16,000 specimens, 
of which more than 14,000 have resulted from the 
present study. 

Collections were also examined or material re
ceived on loan through the generous cooperation of 
other appropriate institutions in New York, Philadel
phia, New Haven, Cambridge (Massachusetts), Los 
Angeles, London, Paris, Leiden, Amsterdam, Copen
hagen, Gottingen, Frankfurt, Torino, Singapore, Port 
Moresby, Sydney, Yokohama, Fukuoka, and Hono
lulu. The Australian Museum in Sydney has a fine 
collection of Uca from Australia and neighboring 
shores. Unfortunately, when I stopped there briefly 
in 1956 I had not done sufficient taxonomic work on 
the group to profit by the material; it will reward 
future attention. 

The subgenera, species, and subspecies are listed 
in the order given in the table of contents and the 
systematic section. 

The authorities and references for all synonymized 
names included in these lists will be found in the sys
tematic section, under the headings of Type Material 
and Nomenclature and of References and Synonymy. 
They also appear in the Index to Scientific Names 
(p. 719). 

The order in which geographical names are listed 
is not always similar from one species to the next. 
In these exceptions the arrangements were selected 
because they seemed to be more helpful than strict 
consistency in making certain distributional compari
sons among, for example, allopatric or sympatric 
forms. In no case was any attempt made to suggest 
palaeogeographic dispersal. 

Geographical names are spelled in accordance 
with the form used on recent maps in English. In 
cases where another name or spelling is much more 
familiar than the currently accepted form, the older 
name is placed in brackets. 

The abbreviations G. and £/., preceding species 
names in the listing of type-specimens examined, re
fer respectively to the generic names Gelasimus and 
Uca. 
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SUBGENUS DELTUCA 

Uca (Deltuca) acuta (Stimpson, 
1858). (P. 25.) 

U. (D.) acuta rhizophorae Tweedie, 1950 
MALAYSIA. Sarawak: Santobong (near mouth of river, 
below Kuching): HOLOTYPE of U. rhizophorae, m. 
(BM); 12 m., 2 f. (NYZS). 

SINGAPORE. Geylang R. (near mouth): 4 m., 2 f. 
(NYZS). Jurong R. (near mouth): 1 m. (NYZS). 

U. (D.) acuta acuta (Stimpson, 1858) 
HONG KONG. Kowloon (Castle Peak area): NEOTYPE 

of U. acuta, m. (NYZS = USNM 137665); 37 m., 
6f. (NYZS). 

CHINA. Fukien: Amoy: 4 m., 2 yg. f. (USNM 57033); 
1 m. (USNM 125702); 2 m. (USNM 64953); 3 m. 
(USNM 64954); 1 yg. m., 1 yg. f. (USNM 74906); 
1 m. (BM 2463 part). Tsimei: 2 m. (USNM 
57812); 1 m. (USNM 57826). Chin B.: 1 m. 
(USNM 57055). Foochow: 2 m. (USNM 59096); 
1 m. (USNM 59097). Guantoo (near Foochow): 
1 m. (USNM 61845). Santu: 1 m. (USNM 61844); 
Kiaohsien [Kiaochow]: (BM; at least 2 m. = a. 
acuta). Liuwutien: 3 yg. m., 3 yg. f., ? 1 very yg. 
m., ? 1 very yg. f. (USNM 61843). 

Uca {Deltuca) rosea 
(Tweedie, 1937). (P. 29.) 

INDIA. Port Canning: 2 m., 1 f. (USNM 63673); 
1 m., 1 f., + 7 yg. (USNM 63674). Nicobar Is.: 
Xancovri: 2 m., 1 f. (USNM 19711). 

BURMA. Rangoon: 1 m. (MCZ 5787). Mergui Archi
pelago: 2 m. (Leiden reg. no. 4 ) ; 4 yg. (BM 86.52); 
3 m. -(- yg. (Amsterdam: de Man collection). 

MALAYSIA. Malaya: Penang: Penang: 95 m., 18 f. 
(NYZS). Selangor: Port Swettenham: HOLOTYPE of 
G. roseus, m. (BM); 2 m., 1 f. (NYZS; gift of M.W.F. 
Tweedie). Negri Sembilan (near Sungei Dua ferry): 
29 m., 8 f., + 20 yg. (NYZS). Malacca: Malacca: 
1 m. (USNM 19552). 

INDONESIA. Kalimantan [Borneo]. Pontianak: 3 m., 
1 f. (USNM 39162); 2 m. (Leiden 1535). Sumatera 
[Sumatra]. Atjeh: 1 yg. m., 1 yg. f. (USNM 39161). 

Uca {Deltuca) dussumieri 
(Milne-Edwards, 1852). (P. 32.) 

U. {D.) dussumieri capricornis subsp. nov. 
AUSTRALIA. Western Australia: Broome: HOLOTYPE 
of U. d. capricornis, m. (NYZS = USNM 137675); 
43 m., 30 f. (NYZS); Monte Bello Is.: 1 yg. m. (BM 
1938.6. 13-1-2, part: lgth. 12 mm). 

U. {D.) dussumieri spinata subsp. nov. 
INDIA. Mouth of Hooghly R. (near Calcutta): 2 m. 
(BM 60.15). 

BURMA. Mergui Archipelago: 1 m., 1 f. (Leiden 5 ) ; 
1 yg. m. (Amsterdam); 1 m. (BM). 

MALAYSIA. Malaya: Penang: 1 m. (Amsterdam). 
Negri Sembilan: near Sungei Dua: 1 m., 5 f. (NYZS). 
Malacca: Malacca: 1 m. (USNM 39174); 2 m. 
(Amsterdam). "Borneo." 1 m. (BM: Genard). 
Sarawak: Santobong (near mouth of river below 
Kuching): 4 m., 2 f. (NYZS; ex-Raffles, gift of 
M.W.F. Tweedie). Labuan: 2 m., 1 f. (Raffles). 
Sabah [N. Borneo]: Sebatic I.: 35 m., 35 f. (USNM 
43428). 

SINGAPORE, HOLOTYPE of U. d. spinata, m. (NYZS = 
USNM 137677); 24 m., 12 f. (NYZS); 3 m., 2 f. 
(Raffles). 

INDONESIA. Sumatera [Sumatra]. Atjeh: 1 m. (USNM 
39173). Djawa [Java]. 1 m. checked among 5 (Lei
den 1242). Pasuruan (near Surabaja): 14 m., 1 f. 
(NYZS). Madoera: including 4 m. (Amsterdam); 
2 m. (Leiden 2015). Zuidk (near Madoera): 1 m. 
(Leiden 2013). Aru [Awe, Arrou] Is.: S. Manum-
bai: 4 m. (BM). 

PHILIPPINE IS. Palawan: Nokoka Bay: 5 m. (USNM 
43429). 

THAILAND. Bangpoo (near Bangkok): 1 m. (USNM 
94418); 1 f. (USNM 125708). Ajuthia: 2 m. 
(Paris). Lem Ngob: 1 f. (USNM 43296). Paknam: 
2 m., 1 f. (USNM 63665); 2 m., 1 f. (USNM 
63667. 

CHINA. Fukien: Amoy: 1 m. (USNM 64959); 3 m. 
(Leiden 1244). Foochow: (Minhow): 2 m., 2 f. 
(USNM 61840); 1 m., 1 f. (USNM 58740); 2 m. 
(USNM 59091); 1 m. (USNM 59092). Liuwutien: 
2yg. m. (USNM 61841). 
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Locality Record Questionable. MADAGASCAR. Nossy 
Faly (on northwest coast): 1 m. (Leiden 1243 
part). This is the specimen mentioned by de Man 
(1891: 26) as one of those figured by Hoffmann 
(1874: PI. 3, Fig. 22) ; it is the only individual re
ported from the island according to Crosnier (1965). 
See page 35. 

U. (D.) dussumieri dussumieri 

(Mi lne-Edwards , 1 8 5 2 ) 

INDONESIA. Sumatera [Sumatra]: Simeulue [Sima-
loer]: Sinabang [Sinaboung] : 1 0 m . checked in series 
(Leiden 2146). Nias: 3 m. (Amsterdam). Sibigo 
[Siboga]: 1 m. of series checked (Torino—see No-
bili 1899). Djawa [Java]: 2 m. (BM 74.57). Sama-
rang: LECTOTYPE of G. dussumieri, m. (Paris). 
Djakarta [Batavia]: 1 m. (Paris: Blecker); 1 m. 
(Paris: Blecker); 2 m. (Paris: Blecker). Sulawesi 
[Celebes]: Parepare: 2 m. (Amsterdam). Adonara: 
Sagoe: 2 yg. m. (Amsterdam). Molucca Is.: Batjan: 
1 m. (BM). Ambon [Amboina]: 2 m. (Leiden 
1245). Aru [Aroe, Arrou] Is.: 3 m. (Paris). 

NEW GUINEA. West Irian: Japen: Seroei: Laut: 1 m. 
(Leiden). Mimika R.: 1 m. (BM). Hollandia 
Haven: 3 m. (Leiden). "Om geving Base," C. Hol
landia: 2 m., 1 f. (Leiden: Holthuis collection 143). 
Territory of Papua and New Guinea: near Madang: 
5 m., 4 f. (NYZS). 

SOLOMON is. 1 m. (Paris 1386). 

AUSTRALIA. Queensland: Cooktown: 1 m. (Paris 
4234); 1 m. (Paris 4239). 

NEW CALEDONIA. 2 m. (Paris); 1 m. (Paris: A. le 
Comte). Near Noumea: 5 m., 4 f. (NYZS). 

CAROLINE is. Ponape: 2 m. (Leiden 265). Palau Is
lands: 2 m., 2 f. (NYZS; collected by Takahasi, 
1935; gift from T. Sakai, U. of Yokohama). 

PHILIPPINE is. Sulu: Tawi Tawi: 3 m., 1 f. (NYZS). 
Jolo: 13 m., 18 f. (NYZS). Mindanao: Zamboanga: 
3 m., 1 f. (USNM 43430); 113 m., 29 f. (NYZS). 
Gulf of Davao: Padada Beach: 1 f. (AMNH 8318). 
Davao (Agnow Swamp): 1 yg. f. (AMNH 8555 
part). In and near mouth Padada R.: 1 yg. m., 2 yg. 
f. (AMNH 8393 part). Sasa: 1 f. (NYZS). Ding R., 
N. of Sasa: 10 m. (NYZS). Madaum: 1 yg. m., 3 yg. 
f., 1 mating pair (NYZS). Negros Occ: 1 f. (USNM 
25225). Magnanod R., Victorias, Bangi-Bangi: 1 
m. (USNM 64981); 1 m. (USNM 64982); 2 f. 
(USNM 73273). Lubang: Looc: 2 m., 1 f. (USNM 
43431). Cebu: Maston I.: 1 m. (USNM 43276). 
Panay: Jaro R.: 2 m., 2 f. (USNM 73184). Iloilo: 
4 m., 1 f. (USNM 73201 part) ; 1 m. (USNM 

125710); 1 f. (USNM 73221); 1 m. (USNM 
73224); 1 f. (USNM 125703). "Shore around Iloilo 
R.": 1 m. (USNM 43433). Guimares: Jordan R.: 
6 m., 2 f. (USNM 43432). Samar: Catbalogan: 1 
m. (NYZS). Palawan: Puerto Princesa: 7 m., 7 f. 
(NYZS). Northwest coast, near mouth of Baheli R.: 
6 m., 2 f. (NYZS). Luzon: Lamao: 1 m. (NYZS). 
Ragay Gulf: 7 m., 7 f. (USNM 43434). 

NANSEI [RYUKYU or LOO CHOO] is. Ishiyaki I., mouth 
of Miyara R.: 1 m. (NYZS; collected by Ohishima, 
gift from T. Sakai, U. of Yokohama). 

Additional Material with Incomplete or Questionable 
Locality Records. 

SOUTHERN PACIFIC. (USNM 17764.) 

TUAMOTU ARCH.: Toan Atoll: 1 m. (USNM 93283 
part). Locality doubtless in error, see p. 41. 

Uca (Deltuca) demani 
Ortmann, 1897. (P. 39.) 

U. (D.) demani australiae subsp. nov. 
AUSTRALIA. Western Australia. Broome: HOLOTYPE 

of U. d. australiae, m. (USNM 64250). 

U. (D.) demani typhoni subsp. nov. 
PHILIPPINE is. Negros Occ: 1 m. (USNM 25223); 
1 m. (USNM 65012). Panay: Iloilo 1 m., 1 f. 
(USNM 73163 part); 16 ra, 6 f. (USNM 73201 
part); 3 yg. m., 2 yg. f. (USNM 73211 part); 4 m , 
1 yg. m. identity?, 2 yg. f. (USNM 73221 part). 
Jaro R.: 1 m. (USNM 73222 part). Lubang: Looc: 
1 m., 2 yg. f. (USNM 43437 part). Basus R.: 1 yg. 
f. (USNM 43435). Samar: Catbalogan: 1 m., 1 f. 
(NYZS). Luzon: Manila: HOLOTYPE of U. d. typhoni, 
m. (USNM 43041). 

TUAMOTU ARCH.: Toan Atoll: 2 m., 1 f. (USNM 
93283 part). Locality doubtless in error; see p. 41. 

U. (£>.) demani demani Ortmann, 1897 
INDONESIA. Djawa [Java]. Pasuruan (near Surabaja): 
1 m. (Amsterdam, one examined of several labeled 
demani). Sumbawa: Baii van Bima: 1 m. (Amster
dam; de Man's 2nd specimen, referred to forcipata, 
1892.1, included in Ortmann's proposal of the new 
name, 1897). Sulawesi [Celebes]: LECTOTYPE of G. 
demani, m. (Leiden 1257; de Man's first specimen, 
1891.3:32). 

PHILIPPINE is. Mindanao: Zamboanga: 6 m. (USNM 
43307: Type series, including type, of Uca zambo-
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angaria); 53 m., 6 f. (NYZS). Gulf of Davao: 
Padada Beach: 16 m., 14 f., most of them yg. 
(AMNH 8304, 8306 part, 8307, 8308 part, 8310, 
8313, 8330, 8331, 8332, 8380 part). In and near 
mouth Padada R.: 8 m., 15 f., most of them yg. 
(AMNH 8342, 8343, 8386, 8387, 8388, 8390, 
8391 part, 8392, 8393 part). Malalag: 3 m. 
(NYZS). Davao Beach: 3 m., 2 f. (AMNH 8421, 
8422, 8554). Sasa: 1 m. (NYZS). Iling R., N. of 
Sasa: 2 m. (NYZS). 

Uca (Deltuca) arcuata 
(deHaan, 1835). (P. 44.) 

NORTH VIETNAM. Tonkin: Pointe du Scorpion 
("brought by a fisherman"). 1 m. (Paris 1028). 

HONG KONG. 1 m., 2 f. (BM 1935.3.19); Kowloon 
(Castle Peak area): 5 m. (NYZS). 

CHINA. "Chine": Type material of G. brevipes 
(Paris). Fukien: Amoy: 1 m. (BM 2463); 2 m., 1 
f. (USNM 57813). Foochow: 1 f. (USNM 57613); 
1 f. (USNM 59093); 1 m. (USNM 59094); 1 m. 
(USNM 59095); 1 m. (USNM 61847); 1 m., 1 f. 
(USNM 61849); 3 m., 1 f. (USNM 63709); 1 m., 
1 f. (USNM 75441). Guantoo (near Foochow): 1 
m. (USNM 61848). Muiwha (near Foochow): 1 
m., 3 f. (USNM 61842). Santuao 2 m., 2 f. (USNM 
61850). Chekiang: Wenchow: 2 m., 4 f. (USNM 
74604); Liuwutien: .1 yg. f. (USNM 61846). 

TAIWAN [FORMOSA]. Takao: Shenshoshi: 3 m. 
(USNM 55424). Ampin: 1 m. (USNM 57492). 
Taichu: Soroku: 1 f. (USNM 55398). Shinchika: 
1 f. (USNM 55400). Toutti: 2 m., 1 f. (BM 84.10). 
Tamsui: 158 m., 4 yg. m., 1 yg. f. (NYZS). Tai-
hoku: 1 m. (USNM 55399). 

KOREA [CHOSEN]. 2 m., 1 f. (USNM 19708); yg. 
(BM 92-12-15-1-7). 

JAPAN, LECTOTYPE of G. arcuatus, m., + 3 m., 1 f., 
labeled "Gelasimus arcuatus de Hn. Types" (Leiden 
243) + series (Leiden 244, 245); 1 m. (USNM 
17762). Kyushu: Ariake Bay: 1 f. (NYZS). 

Uca (Deltuca) forcipata 
(Adams & White, 1848). (P. 48.) 
MALAYSIA. Malaya. Pertang: 10 m., 1 f. (NYZS); 
I f. (USNM 39163); 1 yg. m., 1 yg. f. (USNM 
43306); 1 m. (Paris). Negri Sembilan: Sungei Dua: 
I I m., 13 f. (NYZS). "Borneo." HOLOTYPE of G. 
forcipatus, m. (BM "Borneo 44.106; 4476"). Sara
wak: Kuching: 1 m. (Torino). Sabah [N. Borneo]: 

Sebatic I.: 1 m. (USNM 125705); 1 m., 3 f. (USNM 
43438; note inside vial says "m. compared by Cai
man with type of forcipata!''). 

SINGAPORE. 4 m. (NYZS): 3 m. (NYZS; ex-Raffles, 
gift of M.W.F. Tweedie). 

INDONESIA. Kalimantan [Borneo]. Samarinda: 1 m. 
(Torino). Sumatera [Sumatra]. Buttikofer: 2 m. 
(Leiden 2033). Djawa [Java]: near Surabaja: 
swamp at Trengglunga: 79 m., 2 f. (NYZS). Near 
Surabaja: swamp at Paseruan: 12 m. (NYZS). Sula
wesi [Celebes]. Makassar: 2 m., 1 f. (MCZ 7255). 

PHILIPPINE is. Mindanao: Zamboanga: 1 m. (BM 
84.31. HMS Challenger. Locality record question
able, since designated depth ["10 faths."] impossible. 
Name on label: rubripes. Samar: Silaga R.: 2 m., 
2 f. (USNM 43436). Negros Occ: Magnanod R., 
Victorias: 1 m. (USNM 73269). Bangi-Bangi: 2 m. 
(USNM 64991); 1 m. (USNM 73271); 3 yg. m. 
(USNM 73221 part). West coast of Palawan: Baheli 
R. 9 m., 4 f. (NYZS). Palawan: Puerto Princesa: 
4yg. m., l y g . f. (NYZS). 

THAILAND. Bangpoo (near Bangkok): 3 m., 1 f. 
(USNM 94419). Paknam: 2 yg. m., 3 yg. f. (USNM 
125706); 1 m. (USNM 63666). Lem Ngob: 6 m., 
2 f. from type material of U. manii Rathbun (Copen
hagen); 4 m. from same series, including one com
pared by Caiman with type of G. forcipatus (USNM 
39714). 

TUAMOTU ARCH. Toan Atoll: 1 m., 1 f. (USNM 
93283 part). Locality doubtless in error, see p. 41. 

Uca (Deltuca) coarctata 
(Milne-Edwards, 1852). (P. 52.) 

U. (D.) coarctata coarctata 
(Milne-Edwards, 1852) 
[RUSSIA.] "Odessa": LECTOTYPE of G. coarctatus, m. 
(Paris). Locality name unquestionably erroneous; 
? 1 f. same locality, separate box, poor condition. 

INDONESIA. Sumatera [Sumatra]: Simeulue [Simaloe] 
I.: 3 m., 3 f. (NYZS; ex-Raffles, gift of M.W.F. 
Tweedie). Nias: series (Amsterdam). Benkulen: 6 
m., 2 f. (USNM 75865). Djawa [Java]: 1 m. (BM 
74.57). Djakarta: (Paris). Sulawesi [Celebes]: To-
gian L: 1 m. (USNM 19556). Seram [W. Ceram]: 
Piroe: yg. (Amsterdam). Aru [Aroe, Arrou] Is.: 
Manumbai: 3 m. (BM 1935.1.28.1-3). 

NEW GUINEA. West Irian: Noord [Lorentz] River: 2 
yg. m. (Amsterdam). Mimika R. near Kokonau: 1 
m. (BM 1911.8.1.25). Near Hollandia: 1 m. (Lei-
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den). Territory of Papua and New Guinea: 3 m., 4 f. 
(NYZS). 

AUSTRALIA. Queensland: Cooktown 1 m. (Paris 
2089). Cairns: 12 m., 3 f. (MCZ 5786); 1 m. 
(USNM 22198). Gladstone: 5 m. (NYZS); 1 m. 
(Paris 1981). 

NEW CALEDONIA. 2 m. (Paris, M. Balansa); series, 
poor condition (A. Milne-Edwards). Near Noumea: 
9 m., 3 f. (NYZS). 

FIJI is. Viti Levw. Suva: paratype of U. ischnodac-
tylus, 1 m. (USNM 99261). 5 m., 4 f. (NYZS). 
Near mouth of Wainibokasi R., near Rewa: 5 m. 
(NYZS). Raki-Raki: 9 m., 3 f. (NYZS). Tavua: 
53 m., 13 f. (NYZS). Lautoka: 5 m., 3 f. (NYZS). 

? TAHITI. 1 m. (USNM 19662). Locality error prob
able. 

PHILIPPINE is. Mindanao: Zamboanga: 24 m., 3 f. 
(NYZS). Gulf of Davao: Padada Beach: 1 yg. f. 
(AMNH 8306 part); 1 f. (AMNH 8338); 1 m. 
(AMNH 8339); 3 f. (AMNH 8377); 1 yg. m., 1 
yg. f. (AMNH 8378); 2 yg. m. (AMNH 8379); 
7 m., 3 f. (AMNH 8380 part). In and near mouth 
of Padada River: 1 yg. f. (AMNH 8344); 1 m. 
(AMNH 8394). Davao Beach: 2 yg. m. (AMNH 
8308 part). Davao: Agdow Swamp: 3 yg. m. 
(AMNH 8555 part); ? 1 f. (USNM 43383; type of 
U. mearnsi). Madaum: 1 m., 1 yg. f. (NYZS). Iling 
R. (N. of Sasa): 2 m. (NYZS). Panay: Jaro R.: 
1 m. (USNM 125707); 1 m. (USNM 73225 part). 
Iloilo: 1 m. (USNM 125709). Samar: Catbalogan: 
1 m. (NYZS). Luzon: Bataan (Samal): 1 m. -f 
drawn gonopod (body missing) (NYZS). Manila: 
2 m. (BM 72.7). Dagadagatan R.: Navotas (near 
Manila): 1 m. (NYZS). Manila: 2 m. (USNM 
43040; labeled U. rathbunae Pearse; collected and 
identified by him; see p. 55) . 

SUBGENUS AUSTRALUCA 

Uca {Australuca) bellator 
(Adams & White, 1848). (P. 64.) 

Uca {A.) bellator bellator 
(Adams & White, 1848) 
INDIA. Nicobarls.: Nankauri: 1 m. (USNM 22286). 

MALAYSIA. Labuan: 2 m. (NYZS; gift of Raffles); 
6 m., 4 (1 ovig.) f. (NYZS; gift of Raffles). 

INDONESIA. Djawa [Java]: "Java": small series (BM 

U. (D.) coarctata flammula subsp. nov. 
NEW GUINEA. West Irian: Boshek near Biak: series 
(Leiden). Japen I.: Seroei: 1 yg. (Leiden). Merauke: 
series (Amsterdam). Merauke (near Kampong 
Sawa): 1 yg. m. (Leiden). 

AUSTRALIA. Northern Territory: Darwin: HOLOTYPE 
of U. c. flammula, m. (NYZS = USNM 137676); 
+ 20 m., 4 f. (NYZS). Western Australia: Broome: 
2 m., 2 f. (USNM 56419); 2 m., 1 f. (USNM 
56420); 25 m., 17 f. (NYZS). Port Walcott (near 
Dampier Archipelago): 1 m. (BM 89.5.12.2). 
Nicol B.: 2 m. (BM 69.38). Monte Bello Is.: 1 m. 
(USNM 46348); 1 m. (BM 1938.6.13.1.2). Mer
maid Strait: 1 m. (USNM 19550). 

Uca (Deltuca) urvillei 
(Milne-Edwards, 1852). (P. 58.) 

[NEW HEBRIDES.] "Vanikoro": LECTOTYPE of G. 
urvillei, m. (Paris). Locality name unquestionably 
erroneous. 

INDIA. Malabar: 1 m. (Paris). This specimen is one 
of 2 m. labeled "Type" of G. dussumieri Milne-
Edwards. 

PAKISTAN. Karachi: 1 m. (BM 97.9.12.1); 1 m. 
(BM 82.3). 

EAST AFRICA. Tanzania. Pemba Island: Kiburunzi 
(near Chake Chake): 36 m., 19 f. (NYZS). Zanzi
bar: 3 lots of dried specimens (Paris). Zanzibar 
(near Muongoni): 3 m., 1 f. (NYZS). Tanga: Dar 
es Salaam (near Mtoni): 2 m, (NYZS). 

MADAGASCAR. 2 m. (Leiden 1243); (Paris, several 
series, including 266, 339, and 130.96). 

SOUTH AFRICA. Durban: 1 m. (Amsterdam 1894). 

74.51). Djakarta [Batavia]: small series (Leiden 
1255); 1 m., which is apparently part of type mate
rial of G. signatus var. angustifrons (Leiden 1536); 
series (Leiden 2016). Near Tilliwong (northwest 
coast): 1 m. (Leiden 2017). Bahduheira: small 
series (Leiden 2662). Semarang: 83 m. with claws, 
102 m. bodies, many detached claws, 72 (25 ovig.) 
f. (NYZS). Madoera: 1 m. (Leiden 2037). Near 
Surabaja (at Trengglunga): 1 m. (NYZS). 

NEW GUINEA. West Irian: Merauke: 1 m. (Torino); 
near Merauke: 3 m. (Leiden). 
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PHILIPPINE is. "Philippines": HOLOTYPE of G. bel-
lator, m. (BM). Mindanao: Zamboanga: 1 m. 
(NYZS). Gulf of Davao: Iling R. (north of Sasa): 
1 m. (NYZS); Madaum: 4 m. (NYZS). Negros 
Occ: Magnanod R. (near Victorias at Bangi-Bangi): 
1 f. (USNM 65009). Panay: Jaro R.: 1 m. (ex-
USNM 73225). Palawan: Puerto Princesa: 1 f. 
(NYZS). Luzon: Dagadagatan R. (near Manila, 
above Navotas): 11 m., 4 f. (NYZS). 

U. (A.) bellator signata (Hess, 1865) 
AUSTRALIA. "Australia": TYPE-SPECIMEN of G. sig-
natus, m. (Gottingen 3665, in 53b). "East Coast 
Australia": 2 m. (Leiden 1261). Queensland: Port 
Curtis: 14 m. & f. (BM 8131). Gladstone: 6 m., 4 f. 
(NYZS). Boyne R. (above Gladstone): 4 m., 2 f. 
(NYZS). 

U. (A.) bellator longidigita 

(Kingsley, 1880) 

AUSTRALIA. Queensland: seaward from Brisbane: S. 
bank of Brisbane R., near mouth, Sandgate, and 
Shorncliffe: 22 m., 6 (5 ovig.) f. (NYZS). 

SUBGENUS THALASSUCA 

Uca (Thalassuca) tetragonon 
(Herbst, 1790). (P. 77.) 

EGYPT. "EGYPTE": NEOTYPE of U. tetragonon, m. 

(Paris) + 1 f. (Paris: both marked "Type" by A. 
Milne-Edwards). 

ETHIOPIA. Eritrea: 1 m. (Torino 1763). Near Bosso: 
1 m. (Torino 2276). Isole Key: 1 m. (Torino 
2072). Massawa: 2 m., 1 f. (AMNH 4323 part); 
23 m., 3 f. (NYZS); 2 m. (Torino 665 & 2098). 
Near Massawa: Green I.: 39 m., 24 f. (NYZS). 

ADEN. 1 m. (USNM 19324). 

EAST AFRICA. Tanzania: Zanzibar: between Chak-
wani and Mbeni, Kombeni B. and Chwaka: 52 m., 
10 f. (NYZS). 

INDIAN OCEAN. Aldabra I.: 1 m. (USNM 17749). 
Mauritius: 2 m., 1 f. (USNM 19654); 1 m., 3 f. 
(Philadelphia 2932: labeled G. desjardinii Guerin). 
Chagosls.: Diego Garcia: 1 m. (BM 1910.4.30.18). 

BURMA. Rangoon: 1 m. (MCZ 5779 part). 

PHILIPPINE IS. Sulu: Tawi Tawi: 2 m., 2 f. (NYZS). 

U. (A.) bellator minima subsp. nov. 
AUSTRALIA. Northern Territory: near Darwin: Lud-
milla Creek, near junction with Golf Club R.: HOLO
TYPE m. (NYZS = USNM 137668) + 5 m., 7 f. 
(NYZS). 

Uca {Australuca) seismella 
sp. nov. (P. 70.) 
AUSTRALIA. Western Australia: Broome: 2 yg. m. 
(NYZS). Northern Territory: near Darwin: Golf 
Club R.: HOLOTYPE m. (NYZS = USNM 137666) 
+ 29 m., 2 ovig. f. (NYZS). Queensland: Glad
stone: 7 m., 4 (1 ovig.) f. (NYZS). 

Uca {Australuca) polita 
sp. nov. (P. 72.) 
AUSTRALIA. Western Australia: Nicol B.: 4 speci
mens (BM 69-38). Broome: 13 m., 11 f. (NYZS). 
Queensland: Gladstone: HOLOTYPE m. (NYZS = 
USNM 137667) + 7 m., 4 (ovig.) f. (NYZS). 
Thursday I.: 2 m. (NYZS: gift; donor unknown). 

Mindanao: Gulf of Davao: Padada Beach: 1 yg. m. 
(AMNH 8367). 

NEW GUINEA. 1 m. (Torino). West Irian: Japen I., 
near Seroei: small series (Leiden: Holthuis collec
tion, 25 Feb. 1955). Noemfoor: 2 m. (Leiden: Leg. 
Hendriksen, 1953). New Hollandia: 1 m. (Leiden: 
Leg. Van Hout, 1955). Reef at Marine Kazerne: 2 
+ ? 1 yg. m. (Leiden 683). 

AUSTRALIA. Sydney: Type material of G. variatus, 
2 m. (Gottingen 52a; exact locality questionable; see 
p. 80). "Australien": Type material of G. variatus, 
1 m. (Gottingen 52b). 

NEW CALEDONIA. Lm. , 1 f. (Paris: both marked 
"Type" of G. tetragonon by A. Milne-Edwards). 

PACIFIC OCEAN. Caroline Is.: small series (BM 
98.11.1.1-5 part). Wake I.: Series (Bishop). Mar
shall Is.: Jaluit, Marchalsoerne: 1 m., 1 f. (USNM 
19709). Gilbert Is.: Apiang: 2 m., 2 (1 ovig.) f. 
(USNM 93282). Ki Is.: 1 m. (BM 1910.3.29.18). 
Samoa: Savaii L: 1 m. (BM 74.54). Apia: 9 m., 10 
f. (NYZS). Friendly Is.: Tonga: Tongatabu: 5 m. 
(USNM 33164). Line Is.: Fanning I.: Inner lagoon: 
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1 f. (USNM 46682). Penrhyn I.: 8 m. (AMNH 
7454); 1 f. (AMNH 7476); 1 m. (AMNH 7477). 
Society Is.: Bora-Bora: 21 m., 18 f. (NYZS). Raia-
tea: 2 m., 1 f. (NYZS). Tahiti: 1 f. (MCZ 5806); 
(at Faaa) : 16 m., 14 f. (NYZS). Tuamotu Is.: 
Raroia Atoll (S. end of Oneroa I . ) : 31 m. and f. 
(USNM 94558). 

? Hawaii. "Isles Sandwich": 1 m., 1 f. (Paris: both 
marked "Type" of G. tetragonon by A. Milne-Ed
wards). Locality questionable; "lies Sandwich" per
haps an error for Bora Bora; see pp. 80 and 324. 

Not Examined. About 50 additional specimens at 
USNM from localities from which other representa
tives are included in the material listed above. 

Uca (Thalassucd) formosensis 
Rathbun, 1921. (P. 83.) 

TAIWAN [FORMOSA]. Taichu: Rokko: TYPE SERIES 

of U. formosensis, 2 m. (USNM 54472); 1 f. 
(USNM 55385). Tamsui: 2 m., 1 f. (NYZS; gift of 
T. Sakai, U. of Yokohama). Giran (northeast 
coast): 1 m. (USNM 55386). 

Uca {Thalassuca) vocans 
(Linnaeus, 1758). (P. 85.) 

For additional specimens examined, but not referred 
to subspecies, see note at end of listing for the spe
cies, below (p. 598). 

U. (T.) vocans borealis subsp. nov. 
HONG KONG. HOLOTYPE of U. vocans borealis, m., 
(NYZS = USNM 137669) + 80 m., 84 f. (NYZS); 
1 m. (USNM 44358). 

CHINA. Fukien: Chin Bey (near Amoy): 1 ovig. f. 
(USNM 57051). Tsimei: 2 ovig. f. (USNM 57825); 
3 m., 2 (1 ovig.) f. (USNM 57826). 

TAIWAN [FORMOSA]. Tamsui: 3 m. (NYZS). 

U. (T.) vocans pacificensis subsp. nov. 
INDONESIA. Ambon [Amboina]: 2 m. (Leiden D 
275). 

PHILIPPINE is. (probably hybridizing with U. vocans 
vocans). Sulu: Tawi Tawi: 26 m., 11 f. (NYZS). 
Jolo: 1 m., 2 f. (NYZS); Princess Tarhata Kiram's 
Beach): 3 m., 2 ovig. f. (NYZS). Mindanao: Zam-
boanga: 16 m., 8 f. (NYZS). Gulf of Davao: Padada 
Beach: 1 m. (AMNH 8362); 1 m. (AMNH 8401 
part). Madaum: 1 m. (NYZS). 

NEW GUINEA. Territory of Papua and New Guinea 
(probably hybridizing with U. vocans vomeris): 
Near Madang on north central coast: Maiwara: 4 m., 
1 f. (NYZS). Port Moresby: Taurama Beach and 
Bootless B.: 2 lots: 3 m. (UPNG; collected by M. 
Cahill). 

PACIFIC OCEAN. Marshall Is.: 3 m. (MCZ 5773). 
Guam: 12 m., 2 f. (Bishop). Fiji Is.: Viti Levu: 
Suva: HOLOTYPE of U. vocans pacificensis, m. 
(NYZS = USNM 137670) + 28 m., 14 f. (NYZS). 
Rewa (flats at mouth of Wainibokasi R . ) : 18 m., 22 
f. (NYZS). Samoa Is.: 15 m. (NYZS); 1 m., 1 f. 
(Leiden 2665). 

U. (T.) vocans dampieri subsp. nov. 
AUSTRALIA. Northern Territory: Darwin: 28 m., 19 f. 
(NYZS). Western Australia: Broome: HOLOTYPE of 
U. vocans dampieri, m. (NYZS = USNM 137671) 
+ 33 m., 40 f. (NYZS). 

U. (T.) vocans vomeris McNeill, 1920 
NEW GUINEA. Territory of Papua and New Guinea: 
near Madang on north central coast: Maiwara: 13 
m., 16 f. (NYZS). Port Moresby: Fisherman's I.: 
1 m. (UPNG; collected by M. Cahill). 

NEW CALEDONIA. Near Noumea: mouth of Dumbea 
R.: 6 m. (NYZS). 

AUSTRALIA. Queensland: Shorncliffe (near mouth of 
Brisbane R . ) : 1 m. (NYZS). Sandgate (near mouth 
of Brisbane R . ) : 2 m. (AMNH 4884). New South 
Wales: Trial B.: 2 m., 2 f. (now in poor condition; 
Bishop 601); 3 m., 2 f. (Bishop 2482). 

U. (T.) vocans hesperiae subsp. nov. 
ETHIOPIA. Eritrea: Massawa: 17 m., 6 f. (NYZS). 
EAST AFRICA. TANZANIA. Pemba I.: Chake Chake: 
2 m. (NYZS). Zanzibar: Chakwani Fish Ponds: 

HOLOTYPE of U. v. hesperiae, m. (NYZS = USNM 
137672) + 4 m., 10 f. (NYZS): between Chak
wani and Mbeni: 17 m., 6 f. (NYZS). 

MADAGASCAR. Eau Saumatre: 1 f. (Paris). Nossy 
Be: 9 m. (Leiden D 274, labeled marionis excisa; 
seep. 89). 

CEYLON. Negombo (near Colombo): 1 m. (NYZS). 

MALAYSIA. Malaya: Penang (probably hybridizing 
with U. vocans vocans): 1 m. (NYZS). 

SINGAPORE. (Probably hybridizing with U. vocans 
vocans): 1 m. (NYZS; gift of M.W.F. Tweedie). 

INDONESIA. Sulawesi [Celebes]: Padang. 1 m. (Lei
den 2751). 
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U. (T.) vocans vocans (Linnaeus, 1758) 
BURMA. Rangoon: 9 f. (MCZ 5779 part). 

MALAYSIA. Malaya: Penang: 1 m. (NYZS). Port 
Dickson: 2 m., 1 f. (Leiden 5269). Borneo: Sabah 
[N. Borneo]: Labuan: 1 m., 1 f. (NYZS; gift of 
M.W.F. Tweedie). 

SINGAPORE. 6 m. (NYZS; gift of M.W.F. Tweedie). 
Geylang R. (near mouth): Kallong: 21 m., 29 f., + 
1 copulating pair (NYZS). 

INDONESIA. Bawean: Sangapura: 30 m., 3 f. (NYZS; 
gift of H. Oesman). Djawa [Java]: Tanjong Priok 
(near Djakarta): 1 m. (Leiden 1491). North coast: 
4 m. (Leiden 2048). Trengglunga (near Surabaja): 
9 m., 3 f. (NYZS). Pasuruan (near Surabaja): 8 m., 
18 f. (NYZS); Besoeki: 6 m. (Leiden 277, 1674); 
Madoera; 4 m. (Leiden 2045). Sulawesi [Celebes]: 
Makassar: 1 m. (Leiden 5268). Halmahera: Ter-
nate: 1 m. (Leiden 1533). 

PHILIPPINE IS. Sulu: Tawi Tawi: 5 m., 3 ovig. f. 
(NYZS). Jolo: 2 m., 2 f. (NYZS); Princess Tarhata 
Kiram's Beach: 3 m. (NYZS). Mirdanao: Zambo-
anga: 117 m., 38 f. (NYZS). Gulf of Davao: Padada 
Beach: 1 f. (AMNH 8325); near mouth of Padada 
R.: 3 m. (AMNH 8401 part); flats about 2 miles 
south of Padada: 2 m. (AMNH 8556). Sasa: 1 f. 
(NYZS). Madaum: NEOTYPE of U. vocans, m. 
(NYZS = USNM 137673) + 33 m., 16 f. (NYZS). 
Palawan: Puerto Princesa: 36 m., 21 f. (NYZS). 
Northwest coast, near mouth of Baheli R.: 8 m., 2 f. 
(NYZS). Luzon: Lamao: 1 m. (NYZS). 

NANSEI [RYUKYU or LOO CHOO] IS. 1 m. (MCZ 1333). 
Ishiyaki I. (mouth of Miyara R . ) : 3 m. in 2 lots. 
Kume-jima: 3 m. (NYZS; collected by Minei, gift 
of T. Sakai, U. of Yokohama). 

Additional Material of Uca vocans Examined Suffi
ciently for Species Identification, but not Referred to 

SUBGENUS AMPHIUCA 

Uca (Amphiuca) chlorophthalmus 
(Milne-Edwards, 1837). (P. 98.) 

U. (A.) chlorophthalmus crassipes 
(Adams & White, 1848) 

INDIA. Car Nicobar: 3 m., 1 f. (NYZS; gift of Raffles 
Museum, Singapore). 

Subspecies. At the time of visits to several European 
institutions made during the first years of this taxo-
nomic revision, I had not yet distinguished the char
acteristics upon which the subspecies have since been 
based. Although for the most part, as with any Afri
can specimens, the subspecies can be safely pre
sumed from the locality, individuals from Indonesia, 
New Guinea, and the Philippines may be from mixed 
populations. They are all therefore listed here only 
under the name of the species, U. vocans. 

RED SEA. 1 m. (Leiden 1493). 

MADAGASCAR. Nossy Be. Short series (Leiden 275; 
labeled, as are the 9 m. already listed under U. v. 
hesperiae, Leiden 274, "U. marionis excisa," see p. 
89). 

NEW GUINEA. West Irian: A long series from Kota-
baru [Hollandia], Japen and their vicinity (Leiden, 
several lots, collected by Holthuis, 1954ff.; specimens 
not examined individually). 

PHILIPPINE IS. Holotype of G. cultrimanus, 1 m. 
(BM 43.6 Cuming collection). 

CAROLINE is. 1 m. British Museum. 

Uca vocans: Specimens not Examined. More than 
1,000 specimens at USNM from a variety of locali
ties throughout the range of the species. The longest 
series, totaling 727 m. + 140 f., is from Iloilo, Panay 
I., in the Philippines and would form an excellent 
basis for future work on variations and the possible 
hybridization of subspecies (USNM 73164). Other 
outstanding series are 42 m. from Benkulen, Sumatra 
(USNM 75873) and 33 m. + 5 f. from Apia, Samoa 
(USNM 43300). This collection is currently labeled 
and catalogued under the following names: U. cultri-
mana, marionis, marionis var. nitidus, and marionis 
vomeris. 

INDIAN OCEAN. COCOS or Keeling Is.: 6 m., 3 f. 

(NYZS; gift of Raffles, Singapore). 

MALAYSIA. Malaya: Penang: 1 f. (USNM 43370). 

HONG KONG. 2 m. (USNM 43849); Kowloon (Castle 
Peak area, east of mouth of Deep Bay): 2 m. 
(NYZS). 

JAPAN. Tokaito coast: Oho Sima: 2 f. (USNM 
22288). 
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NANSEI [RYUKYU or LOO CHOO] is. Kume-jima: 1 m. 
(USNM 73258); carapace only (USNM 73259). 

PHILIPPINE is. "Sinquejor": LECTOTYPE of G. cras-
sipes (BM 902 43b). Sulu: Tawi Tawi: 3 m. 
(NYZS); Tapiantana L: 1 m. (USNM 43451). 
Mindanao: Zamboanga: 1 f. (USNM 43371); 72 
m., 47 (18 ovig.) f. (NYZS). 

INDONESIA. Molucca Is.: Bourou I.: 1 m. (Phil. 
Acad.). Aru [Aroe, Arrou] Is.: 8 m., 1 f. (Paris). 

NEW GUINEA. "New Guinea": type series of U. 
novaeguineae, 2 m. (USNM 6374). West Irian: in 
and near Kotabaru [Hollandia], Noemboor, and 
Biak: numerous m. & f. (Leiden 635 [part], 714, 
723, 743 [part], and unnumbered; collected by Hol-
thuis, 1954-1955; samples only examined in detail 
by Crane). Territory Papua and New Guinea: near 
Madang on north central coast: Maiwara: 6 m., 4 
(1 ovig.) f. (NYZS). Port Moresby: 10 m., 2 f. 
(UPNG; collected by M. Cahill); Bootless B.: 4 m., 
2 f. (UPNG; collected by M. Cahill). 

PACIFIC OCEAN. Caroline Is.: Kusaie: 1 m. (USNM 
33167); 4 m., 1 f. (MCZ 8845); Strong L: 7 m., 3 
f. (MCZ 5792); Ponape [Ascension]: 1 f. (MCZ 
5967). Marshall Is.: 2 m„ 2 f. (USNM 81379); 15 
m., 18 f. (MCZ 5790); Ebon: 6 m., 1 f. (MCZ 
5791). New Hebrides: Port Resolution: 2 m. (Paris, 
from Australian Museum). New Caledonia: short 
series (Paris). Balansa: 1 m., 1 f. (USNM 20299). 
Noumea: 1 m. (NYZS). Fiji Is. [Viti]: 1. (Paris). 
Viti Levu: Suva: 2 ( 1 ovig.) f. (NYZS). Samoa Is.: 
Upolu: Apia: 3 m. (Torino); 12 m., 4 (3 ovig.) f. 
(NYZS). Friendly Is.: Tongatabu: "type non speci
fic" of G. gdimardi, m. (Paris). Society Is.: Bora-
Bora: "type non specifie" of G. latreillei, 1 m. 
(Paris); 22 m., 9 f. (NYZS). Raiatea: 12 m. 
(AMNH 2482); 4 m. (NYZS). Tahiti: small series 
(Paris); Faaa: 79 m., 69 (5 ovig.) f. (NYZS). 
Marquesas Is.: 1 m. (USNM 81415 part). ["lies 
Sandwich": 2 m. (Paris). Perhaps an error for Bora 
Bora; see p. 324]. 

Note. The material in Paris was originally labeled 
variously chlorophthalmus, gaimardi, latreillei, and 
pulchellus; in BM crassipes; in USNM gaimardi and, 
from Hong Kong, splendidus; in Torino gaimardi. 

Not Examined. More than 200 additional specimens 
in USNM, listed as U. gaimardi, from Samoa and 
the Society Is. 

U. (A.) chlorophthalmus chlorophthalmus 
(Milne-Edwards, 1837) 
EAST AFRICA. TANZANIA. Pemba Island: Kiburunzi 
(near Chake Chake): 30 m., 22 f. (NYZS). Zanzi
bar: (Muongoni): 13 m., 1 ovig. f. (NYZS). Tanga: 
Dar es Salaam near Kondeni (first stream north of 
city): 1 m. (NYZS). 

MOZAMBIQUE. Inhaca Island (east lagoon): 9 m., 5 
f. (NYZS). 

INDIAN OCEAN. "Indian Ocean": 1 m. (Paris). Mau
ritius: He de France: "TYPE NON SPECIFIE" of G. 
chlorophthalmus, m. (Paris). lie Maurice: small 
series of small m. & f. (Paris). 

BRAZIL. Teffe on the Amazon: Type of U. amazo-
nensis (Torino), m. Locality certainly erroneous; see 
p. 322. 

Uca (Amphiuca) inversa 
(Hoffmann, 1877). (P. 105.) 

U. (A.) inversa inversa (Hoffmann, 1877) 
ETHIOPIA. Eritrea: 1 m. (Torino). Massawa: 16 m. 
(NYZS). 

ARABIA. Hadramaut: Aden: 1 m. (BM part of series, 
gift of Yerberg). Mukalla: 1 m. (BM 88A). 

SOMALILAND. Laguna di Honio: 1 m. (Torino). 

KENYA. Near Lamu: 1 m. (BM 93.11.9.6). 

TANZANIA. Zanzibar: Chakwani Fish Ponds: 84 m., 
37 f. (NYZS), 

MOZAMBIQUE. Inhaca I. (east lagoon): 4 m. (NYZS). 

MADAGASCAR. Nossy Fally: LECTOTYPE of G. inver
sus, m. (Leiden 251; see comment on additional type 
material, p. 106). 

NATAL. Perhaps from type material of G. smithii: 
1 m. (Philadelphia 3003; labeled inversa). 

Not Examined. A collection of more than 300 m. and 
f. from East Africa, near Mombasa, at Changawe 
and its strait (USNM 43465, 43466, 43467). 

U. (A.) inversasindensis (Alcock, 1900) 

PAKISTAN. Mud between Karachi & Clifton (beyond 
refugee camp): 15 m. (NYZS). 
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SUBGENUS BOBORUCA 

Uca (Boboruca) thayeri 
Rathbun, 1900. (P. 112.) 

U. (B.) thayeri umbratila Crane, 1941 
EL SALVADOR. La Herradura & La Union: type mate
rial of U. thayeri zilchi Bott, 1954 (Frankfurt: 
Senck. 2058, 2070). El Triunfo: 1 m. listed by Bott, 
1954, as U. t. thayeri; has regenerated claw (Frank
furt: Senck. 2057). 

COSTA RICA. Puntarenas: HOLOTYPE of U. umbratila, 
m. (NYZS 381,129 = USNM 138132); PARATYPE f. 
(NYZS 381,130 = USNM 138133). Golfito: 3 m., 
5 f. (NYZS 38,509a; inadvertently omitted from 
Crane, 1941.1). Ballenas B.: 1 f. (NYZS 381,131). 

PANAMA. Near Panama City: east of Old Panama, 
near mouth of Rio Abajo, by water pump: 2 m. 
(NYZS). 

CANAL ZONE. Balboa at La Boca: PARATYPES of U. 
umbratila: 1 m., 1 f. (USNM 79407); 18 yg. m., 12 
yg. f., 2 post-megalopal carapaces (NYZS 4118 = 
USNM 138134). 

SUBGENUS AFRUCA 

Uca (Afruca) tangeri 
(Eydoux, 1835). (P. 118.) 

PORTUGAL. El Algarve: Faro: 213 m., 75 (9 ovig.) 
f. (NYZS). Vila Real de Sao Antonio: 4 m. (NYZS). 

TANGIER, TYPE MATERIAL of G. tangeri, 1 m., 1 f. 
(Paris 3478-1, 3478-2; "types non specifies"); 1 m., 
1 f. (Paris 3477); 1 m. (Phil. Acad. 9-3028, from 
Guerin; "type"). 

"GUINEA COAST," probably including GHANA. "BOU-
bry," "Acre d'Elmina," and "Kust van Guinea": 
type material of G. perlatus (Leiden 259, 260, 261, 
262). 

NIGERIA. Lagos (at Tarkwa B.) : 29 m., 17 f. 
(NYZS). 

U. (B.) thayeri thayeri Rathbun, 1900 
UNITED STATES OF AMERICA. Florida: St. Augustine: 
3 m., 2 f. (NYZS). Miami: 1 m. (NYZS). Marco-
Coxambas Cut (near Coon Key): 1 m., 1 f. (USNM 
74493). Sanibell.: 1 f. (MCZ 10183). 

GUATEMALA. Puerto Barrios: 1 m. (NYZS). 

GUADELOUPE. 2 ovig. f. (NYZS). 

TRINIDAD AND TOBAGO. Tobago: near Pigeon Point: 
3 m. (NYZS). Trinidad: near Port of Spain (Coco-
rite, Laventille & Caroni Swamps): 85 m., 72 (37 
ovig.) f. (NYZS). 

VENEZUELA. Aragua: Turiamo: 2 m. (NYZS). Delta 
Amacuro: Pedernales: 3 f. (NYZS). 

BRAZIL. Parahybo do Norte: Parahybo R. at Cabe-
dello. TYPES of U. thayeri: 7 m., 1 f. (USNM 
23753). Pernambuco: Recife (swamp close to 
Olinda Causeway): 9 m., 3 (2 ovig.) f. (NYZS). 
Bahia: Sao Salvador [Bahia] (on Itaparica L ) : 10 
m., 3 f. (NYZS). Plataforma: 1 m., 1 f. (USNM 
40619). Rio de Janeiro: east shore Ilya Pinheiro 
(lagoon): 2 m., 1 ovig. f. (NYZS). 

Not Examined. About 50 additional specimens at 
USNM from various localities throughout the range 
of the subspecies. 

CONGO. Banana: 44 m., 20 f. (AMNH 3071 part); 
2 m., 2 f. (AMNH 3073); 5 m., 6 f. (AMNH 3075 
part). 

ANGOLA. Santo Antonio do Zaire: 1 m., 1 f. (AMNH 
3072). Near Loanda: Samba: 68 m., 34 f. (NYZS): 
Samba Pequena: 33 post-megalopal yg. (NYZS); 
Ilya de Cabo: 94 yg. m., 98 yg. f. (NYZS). Lobito: 
6 m., 4 f. (AMNH 5916); 3 m., 2 f. (AMNH 5917 
part). 

WEST AFRICA. 2 m. (AMNH 5922); 14 m., 4 f. 
(AMNH 5933 part); 39 m., 17 f. (AMNH 5934 
part); 10 m., 8 f. (AMNH 5935 part) ; 14 m., 3 f. 
(AMNH 5936 part). 

Not Examined. More than 50 specimens at USNM 
from various localities in west Africa, between 
Dakar and Loanda. 
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Uca (Uca) princeps 
(Smith, 1870). (P. 128.) 

U. (U.) princeps princeps (Smith, 1870) 
MEXICO. Lower California: West Coast: Santo Do
mingo: 1 m. (USNM 51107). Abreojos Point: 5 m., 
3 f. (USNM 20689). Gulf of California {South Dis
trict): La Paz: 1 m„ 2 f., 1 yg. (USNM 14826). 
Sonora: Empalme: 2 m. (USNM 57066). Nayarit 
[Tepic Terr.]: San Bias: 1 yg. m., 1 yg. f. (USNM 
99750); 6 m. (USNM 99751); 4 m. (USNM 
99752); 1 m., 3 f. (USNM 20654). 

NICARAGUA. Corinto: COTYPES of G. princeps, 9 m. 
+ 3 m. (MCZ 5813, 5814). 

COSTA RICA. Golfito: 2 m., 1 f. (NYZS 38588). Bal-
lenas B.: 1 m. (NYZS 38355). Santo Domingo, 
Gulf of Dolce: 1 yg. m. (USNM 19440). 

CANAL ZONE. Balboa (La Boca): 3 disintegrated 
specimens (NYZS 4135). 

ECUADOR. Puerto Bolivar (near mouth of Guayas 
R . ) : 11 m., 3 f. (NYZS). 

PERU. B. of Sechura: salt marshes back of Chulli-
yache: 3 m. (USNM 40467). Rio Zarumilla: salt 
flats at Puerto Grande: 1 m. (USNM 40468). 

U. (U.) princeps monilifera Rathbun, 1914 
MEXICO. Gulf of California {North District): San 
Felipe: 1 m., 1 f. (USNM 67735). Montague I. 
(mouth of Colorado River): 1 m. (USNM 48829). 
Sonora: Guaymas: HOLOTYPE of U. monilif era, m. 
(MCZ 1578) - j - 7 m. "out of type lot" (MCZ 
8272); PARATYPE, m. (USNM 22180, received from 
MCZ, from 1578). 

Uca (Uca) heteropleura 
(Smith, 1870). (P. 133.) 

EL SALVADOR. Gulf of Fonseca: HOLOTYPE of G. 
heteropleurus, m. (MCZ 5819). 

COSTA RICA. Punta Arenas: 1 yg. m. (USNM 
39099). Golfito: 2 m., 2 f. (NYZS 38589). 

PANAMA. Bahia Honda: 7 m., 5 f. (NYZS 38698). 
Panama City: 1 m. (NYZS 4138); Bellavista: 43 m., 
14 f. (NYZS). 

CANAL ZONE. Balboa: 2 m. (NYZS 4137). 

ECUADOR. Puerto Bolivar (near mouth of Guayas 
R. ) : 8 m. (NYZS). 

Uca (Uca) major 
(Herbst, 1782). (P. 136.) 

WEST INDIES. Bahamas: Bimini: 1 m., 1 f. (USNM 
91740). San Salvador or Watling's Island: 2 m., 1 f. 
(USNM 11375); 1 m. (MCZ 6366). Cuba: Bara-
coa: 6 m., 1 f. (USNM 25549). Jamaica: 1 m. 
(USNM 42918). Guadeloupe: Type of G. grangeri 
("type non specifie"), 1 f. (Paris). Trinidad: 1 m. 
(NYZS; gift of H. O. von Hagen). Curacao: Car-
mabi: 1 m. (NYZS; gift of A.C.J. Burgers). 

CANAL ZONE. Colon: 1 yg. m. (USNM 57744). 

VENEZUELA. Aragua: Turiamo: 3 m. (NYZS). 

CAYENNE. Type of G. platydactylus ("type non 
specifie"), 1 m. (Paris). 

Uca (Uca) stylifera 
(Milne-Edwards, 1852). (P. 140.) 

NICARAGUA. Gulf of Fonseca: Cotypes of G. heter-
ophthalmus, 4 m. (MCZ 5818). West coast: 2 m. 
(USNM 74428). Corinto: 4 m., 1 f. (NYZS 3813); 
2 f. (MCZ 5815 part; published by Smith, 1870: 
126, as U. ? princeps; third specimen is missing). 

COSTA RICA. Puntarenas: Pacific-Estero side: 2 m. 
(USNM 32325). Punta Arenas: 1 m. (USNM 
61592). Golfito: 8 m., 9 (1 ovig.) f. (NYZS 
38589). 

CANAL ZONE. Balboa (La Boca): 2 m. (NYZS 
4136). 

ECUADOR. Guayaquil: LECTOTYPE of G. styliferus 
("type non specifie"), 1 m. (Paris). Puerto Bolivar 
(near mouth of Guayas R . ) : 1 m. (NYZS). 

Uca (Uca) maracoani 
(Latreille, 1802-1803). (P. 143.) 

U. (U.) maracoani maracoani 
(Latreille, 1802-1803) 
WEST INDIES. Santo Domingo: Sanchez: 1 f. (AMNH 
2466). Trinidad: Port of Spain (Cocorite): 16 m., 
16 (1 ovig.) f. (NYZS). 
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VENEZUELA. Delta Amacuro: Pedernales: 14 m., 3 f. 
(NYZS 42414). 

GUYANA. Near Georgetown: 1 m. (AMNH 4637). 
Georgetown: 2 m., 1 f. (AMNH 6645); mouth of 
Demerara R. and Kitty Village: 3 m., 2 f. (NYZS); 
Kitty Village: 26 m., 18 (3 ovig.) f. (NYZS). 

BRAZIL. Maranhao: 13 m., 5 f. (USNM 17657 part); 
2 m., 2 f. (USNM 22190). Tutoya Creek: 4 m., 1 
ovig. f. (AMNH 4657). Rio Grande do Norte: 
Natal: 6 m., 1 f. (USNM 25697). Bahia: Sao Salva
dor [Bahia]: Bahia de Todos Santos: Ilya Itaparica: 
1 m., 1 f. (NYZS). Porto Seguro: 2 m., 1 f. (USNM 
22191). Plataforma: 4 m., 3 f. (USNM 40613); 7 
m., 2 f. (USNM 40614). Parana: Paranagua: 1 m. 
(USNM 71177). 

U. (U.) maracoani insignis 
(Milne-Edwards, 1852) 
NICARAGUA. Gulf of Fonseca: Type of G. armatus, 
1 m. (MCZ 5816). 

ECUADOR. Puerto Bolivar (mouth of Guayas R. ) : 5 
m., 1 f. (NYZS). 

SUBGENUS MINUCA 

Uca (Minuca) panamensis 
(Stimpson, 1859). (P. 158.) 

NICARAGUA. Gulf of Fonseca, near Potosi R.: 2 m., 
1 yg. f. (NYZS 37701). Corinto: Cardon: 9 m., 5 
f. (NYZS 37735). 

COSTA RICA. Port Parker: 7 + 1 yg. m., 8 + 2 yg. f. 
(NYZS 3861 & 3892). Culebra B.: 1 m. (NYZS 
38119). Piedra Blanqa: 5 m., 4 f. (NYZS 38166); 
3 m., 3 f. (NYZS 38197). Ballenas B.: 1 f. (NYZS 
38345). Uvita B.: 5 m., 3 yg. f. (NYZS 38456). 
Golfito: 7 m., 5 f. (NYZS 38517). 

PANAMA. Bahia Honda: 3 m., 1 f. (NYZS 38706). 
Patillo Point: 9 m., 8 f. (AMNH 5974); 4 m. 
(AMNH 6642); 2 f. (AMNH 6663). Panama B.: 
north shore Tabogilla I.: 2 m., 6 f. (AMNH 5978); 
1 yg. f. (AMNH 5985). Pearl Is.: Pacheca I.: 2 m., 
1 f. (AMNH 5983). Panama City: 1 yg. m., 2 yg. f. 
(poor condition) (NYZS 4149). 

COLOMBIA. Gorgona Island: Gorgonilla: 4 m., 4 (2 
ovig.) f. (NYZS 38855); 13 m., 9 f. (NYZS 
38878). Humboldt B.: 9 m., 2 f. (AMNH 10703); 
1 m. (AMNH 10704). 

PERU. Piura (mud flats at mouth of Rio Tumbez): 
1 m. (USNM 71321); Chulliyache (B. of Sechura; 
salt marshes): 1 m. (USNM 40489). 

"CHILI." HOLOTYPE of Acanthoplax insignis ("type 
non specifie"), f. (Paris). 

Uca (Uca) ornata 
(Smith, 1870). (P. 150.) 

WEST COAST OF CENTRAL AMERICA. HOLOTYPE of G. 
ornatus, f. (MCZ 5817). 

COSTA RICA. Puntarenas: 1 m. (USNM 61036). 

PANAMA. Mouth of Rio Abajo (near Old Panama): 
4 m., 1 ovig. f. (NYZS; gift of M. D. Burkenroad); 
25 m., 31 (3 ovig.) f. (NYZS). Panama City: 
(Bellavista): 1 m. (NYZS 4140). 

CANAL ZONE. Balboa (La Boca): 2 m., 1 yg. f. 
(NYZS 4139). 

PERU. Puerto Pizarro: holotype of U. pizarri, m. 
(Leiden D 23061) -|- paratype, 1 m. (Leiden D 
23062). 

PERU. Payta: 4 m., 1 f. (MCZ 5908). 

Not Examined. About 15 additional specimens at 
USNM from within the range of the species. 

Uca (Minuca) pygmaea 
Crane, 1941. (P. 161.) 

COSTA RICA. Golfito: HOLOTYPE of U. pygmaea, m. 
(NYZS 381,110 = USNM 137419); PARATYPES, 
10 m. (NYZS 381,111, part = USNM 137420), 2 
m. (NYZS 381,111, part = USNM 79402). 

COLOMBIA. Buenaventura: 1 m. (NYZS; gift of T. 
Collett, U. of London). 

Uca (Minuca) vocator 
(Herbst, 1804.) (P. 163.) 

U. (M.) vocator vocator (Herbst, 1804) 
MEXICO. Vera Cruz: Tampico: 1 m. (USNM 43353 
part). Arroyo de la Renal, tributary of Tonchochapa 
R.: 1 m. (NYZS: gift of G.A.W.). 
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BRITISH HONDURAS. Near Belize: 1 m. (USNM 
21373 part). 

GUATEMALA. Puerto Barrios: 3 m., 2 f. (NYZS). 

NICARAGUA. Greytown: 1 m. (USNM 18434 part). 

WEST INDIES. Santo Domingo: Sanchez: 1 f. (MCZ 
9860 part); 1 m., 2 f. (AMNH 2441 part). Puerto 
Rico: San Juan: 2 m., 1 f. (NYZS), 1 m. (AMNH 
2690). Guadeloupe: 1 m. (NYZS). Trinidad: 
Blanchisseuse (north coast): 1 m. (NYZS). Coco-
rite Swamp (near Port of Spain): 2 yg. m. (NYZS). 
Behind pump station, Caroni Swamp: 5 m. (NYZS). 
Caroni Swamp: 4 m. (NYZS). Lavantille Swamp: 
4 m. (NYZS). Near stream mouth, Manzanillo (east 
coast): 2 m. (NYZS). 

VENEZUELA. Zulia: Maracaibo: 14 m., 1 f. (NYZS 
42419; published as U. murifecenta in Zoologica 28 
( 7 ) : 38; 1943); 2 f. (NYZS 42421 part; published 
as U. pugnax rapax, loc. cit.). Lagunillas: 4 m., 4 f. 
(NYZS). Sucre & Monagas: near mouth of San Juan 
R.: holotype of U. murifecenta, m. (NYZS 42167 
= USNM 137424); paratypes of U. murifecenta, 
5 m., 6 f. (NYZS 42417 = USNM 137425); 25 
m., 20 (3 ovig.) f. (NYZS 42418; published as U. 
murifecenta, loc. cit.). Delta Amacuro: Pedernales: 
specimens wholly desiccated, pulverized; discarded 
(NYZS 42416; published as U. murifecenta, loc. 
cit.). 

GUYANA. Georgetown: Kitty Village (flats near sea
wall): 10 m., 5 (1 ovig.) f. (NYZS); foot of Kitty 
Village: 1 f. (NYZS). 

BRAZIL. Estado Rio de Janeiro: Serra de Masache: 
2 m. (USNM 50690 part). 

SURINAME. Shore of Suriname R., near Leonsburg, 
north of Paramaribo: NEOTYPE of U. vocator, m. 
(Leiden 1208). 

U. (A/.) vocator ecuadoriensis 
Maccagno, 1929 
MEXICO. Nayarit [Tepic Terr.]: San Bias: holotype 
of U. schmitti, m. (USNM 80451 out of 22306, 
formerly labeled U. mordax) -f- paratypes, 3 m. 
(USNM 22306, also formerly labeled U. mordax); 
1 m. (USNM 99756). Guerrero: Acapulco: para-
type of U. schmitti, 1 m. (MCZ 5892, part, formerly 
labeled U. mordax). 

NICARAGUA. San Juan del Sur: paratype of U. 
schmitti, m. (NYZS 381,116 = USNM 131 All) 
published first as U. mordax in Zoologica 26 (19) : 
176; 1941.1); 1 yg. m. (NYZS 381,120; published 
first 1941.1, loc. cit., as U. brevifrons). 

COSTA RICA. Negritos I.: paratype of U. schmitti, 
m. (NYZS 381,117 = USNM 137423) published 
first as U. mordax, loc. cit. Golfito: paratype of U. 
schmitti, m. (NYZS 381,118 = USNM 137422) 
published first as U. mordax, loc. cit.); 2 m. (NYZS). 

PANAMA. Bahia Honda: 5 m., 1 f. (NYZS 38681; 
omitted from Zoologica 26 (19) ; 1941). 

COLOMBIA. Buenaventura: 2 m., 2 f. (USNM 
158,353, part); 1 m. (NYZS: gift of T. Collett, U. 
of London); 2 m., 2 f. (NYZS; gift of Brother Inez, 
Bogota, Colombia). 

ECUADOR. Esmeraldas: TYPE MATERIAL of U. ecua
doriensis, 2 yg. m. (Torino); 1 m. (USNM 98041). 
Puerto Bolivar: 6 m., 6 f. (NYZS). Guayaquil: 1 m. 
(USNM 70867); El Salado: 1 m. (USNM 98039); 
96 m., 20 (8 ovig.) f. (NYZS). Near Guayaquil: 
3 m. (USNM 98038). 

PERU. Puerto Pizarro: holotype of U. lanigera, m. 
(Leiden D 23049); paratypes, 10 m., 5 f. (Leiden 
D 23050). 

Uca {Minuca) burger si 
Holthuis, 1967. (P. 168.) 

UNITED STATES. Florida: Ft. Lauderdale (Dania 
Beach, mangroves to south): 3 m. (NYZS). 

MEXICO. Yucatan: Progreso: 20 m., 10 f. (MCZ 
8628); 2 m., 2 f. (USNM 81381); near Telchac— 
P. Motul: m. + ? yg. (USNM 95526 part). 

BRITISH HONDURAS. Belize: Yarborough: Loyola 
Park: 1 m. (NYZS; gift of collectors C. Fairweather 
and J. Lopez). Near Belize: 2 f. (USNM 21373 
part); 8 m. (USNM 22604 part). 

GUATEMALA. Puerto Barrios: 12 m., 2 f. (NYZS). 

CANAL ZONE. Toro Point: 2 m. (USNM 59307). 

WEST INDIES. Swan I.: 6 m. (MCZ 8392). Cuba: 
Santa Clara: Damuge R.: 11 m., 4 f. (AMNH 
3166); Isla Turiguano: 10 m., 1 yg. f. (NYZS; gift 
of W.R.W. Riggs). Bahamas: Abaco I.: near Water 
Cay: 1 m. (MCZ 8632). Andros L: 9 m., 3 f. 
(AMNH 2527); Mangrove Cay: 1 f. (MCZ 8643). 
East side Long I.: Grays: 65 m., 9 f. (MCZ 9440). 
Great Inagua I.: Mathew Town: 23 m., 10 f. (MCZ 
10333); Savannah 3 mi. N. of Mathew Town: 11 
m., 10 (3 ovig.) f. (MCZ 10361). Haiti: Manne-
ville: 12 m., 6 (1 ovig.) f. (MCZ 8690). Near Port-
au-Prince: Etang Saumatre: 1 m. (NYZS; collected 
by W. Beebe). Santo Domingo: Sanchez: 28 m., 20 
(5 ovig.) f. (AMNH 2444). Monte Cristi: 1 m. 
(MCZ 9880 part). Puerto Rico: San Juan: 13 m., 



604 APPENDIX A 

4 f. (AMNH 2983). Enseiiada: 1 m., 1 f. (AMNH 
2984 part); 2 m. (AMNH 3011 part). Virgin Is
lands: St. Croix: Buck Island Swamp: 3 m., 1 f. 
(NYZS; gift of H. Beatty). St. Thomas: 13 m. 
(NYZS); Red Hook: 81 m., 78 f. (NYZS). St. Mar
tin: Crab Hole Cistern: 2 m , 2 ovig. f. (NYZS; gift 
of P. W. Hummelinck); Little B. Pond, east: 4 m., 4 
ovig. f. (NYZS; gift of Dr. Hummelinck); pond of 
Point Blanche: 2 m. (NYZS; gift of Dr. Hummel
inck). Antigua: 2 m., 3 f. (AMNH 2505). Bar
bados: Payne's B. (St. James Sector): 45 m., 18 
(2 ovig.) f. (NYZS); 40 m., 9 f. (NYZS). Tobago: 
Pigeon Point Swamp (across road from beach): 28 
m., 6 (1 ovig.) f. (NYZS). Trinidad: Blanchisseuse 
(north coast): 6 m., 2 f. (NYZS); sandy ground 
near Nariva Swamp Bridge: 1 m. (NYZS; gift of 
H.-O. von Hagen). Aruba: Balashi, by Spaans 
Lagoen (mangrove swamp): 1 f. (NYZS; gift of 
P. W. Hummelinck). Curasao: HOLOTYPE of U. 
burgersi, m. (Leiden D 23012). Jamaica: 1 m. 
(USNM 18533). 

VENEZUELA. Aragua: Turiamo: 7 m. (NYZS). 
Miranda: Laguna de Tacarigua: 1 m. (NYZS; gift 
of W. H. Phelps, Sr.). 

BRAZIL. Ceara: Fortaleza (semi-closed swamp beside 
Avenida Getulio Vargas): 30 m., 8 f. (NYZS). 
Bahia: Sao Salvador [Bahia]: Bahia de Todos San
tos: Ilya Itaparica: 5 m., 1 f. (NYZS). Rio de 
Janeiro: 2 m., 2 f. (USNM 19971); Ilya Pinheiro: 
4 m. (NYZS), Niteroi [Nictheroy]: 1 m. (USNM 
74436). Sao Paulo: Santos: Sao Sebastiao: 4 m. 
(NYZS; gift of F. J. Vernberg); Ilya Bela: 1 m. 
(USNM 74437). 

Locality and identification questionable. AFRICA: 

CAMEROONS: Metet: 3 yg. m., major chelipeds miss
ing; 1 f. (MCZ 8962). LIBERIA: 1 f. (USNM 21847). 
See p. 327. 

Not Examined. Numerous additional specimens at 
USNM from the West Indies, labeled Uca mordax. 
Casual inspection of sample jars shows these speci
mens to be U. burgersi. 

Uca (Minuca) mordax 
(Smith, 1870). (P. 173.) 

GUATEMALA. Puerto Barrios: 3 m., 2 f. (NYZS). 

NICARAGUA. Greytown: 8 m., 2 f. (USNM 18433). 

COLOMBIA. Turbo: 2 m. (MCZ 5891). 

VENEZUELA. Zulia: Lagunillas: 1 m. (NYZS). Mo-
nagas: Caripito: 8 m., 1 f. (NYZS 4252); 22 m., 18 
(4 ovig.) f. (NYZS). Sucre: Guanoco: 35 m., 24 f. 
(NYZS 4254). Sucre & Monagas: near mouth of 

San Juan R.: 26 m., 17 f. (NYZS 42166). Delta 
Amacuro: Tapure, near Pedernales: 74 m., 47 (4 
ovig.) f. (NYZS 42415); 2 yg. m., 1 yg. f. (NYZS 
42420 part). Curiapo: 1 m., 1 f. (USNM 95992). 

TRINIDAD. Blanchisseuse, north coast of Trinidad: 1 
m., 1 f. (NYZS); near mouth of Oropouche R., east
ern Trinidad: 3 m., 1 f. (NYZS). 

GUYANA. Georgetown: 2 m. (NYZS collected by 
W. Beebe); foot of Kitty Village: 2 m., 2 f. (NYZS). 

SURINAME. Near Paramaribo: 14 m., 13 (2 ovig.) f. 
(NYZS); 18 m., 9 f. (NYZS). Mouth of Marawyne 
R. (West Indian Coconut Plantation): 41 m., 12 f. 
(NYZS). 

BRAZIL: Maranhao: Para: Belem (canals in city): 
COTYPES of G. mordax, 7 m., 5 f. (MCZ 5882); 50 
m., 10 f. (NYZS). Itabapuana: 4 m., 4 f. (USNM 
22186). Pernambuco: Recife [Pernambuco]: 1 m. 
(USNM 25698). Rio de Janeiro: "Terra de Masahe" 
[Serra de Masache]: 2 m. (USNM 47834). 

Uca (Minuca) minax 
(LeConte, 1855). (P. 176.) 

UNITED STATES. Massachusetts: Wareham: 1 f. 
(AMNH 1028). Connecticut: Old Lyme: 10 m., 5 f. 
(NYZS). Clinton: 1 m. (AMNH 6490). New Jer
sey: Dennis Creek: apparent TYPE MATERIAL of G. 
minax, 2 m., 1 f. (Philadelphia Academy 3581). 
Lower Alio way Creek near Quinton: 11 m., 15 f. 
(NYZS). Florida: Jacksonville: 8 m., 9 f. (AMNH 
3986); 11 m. (AMNH 3981). Key West: 2 m. 
(MCZ 5900). Pensacola: 1 m. (MCZ 5901). Ala
bama: Mobile B.: 1 m. (USNM 21681). Missis
sippi: west end of Back B. Bridge, east Biloxi: 1 m., 
1 f. (USNM 90302). Ocean Springs on Biloxi B.: 
4 m., 2 f. (USNM 101102). Louisiana: Pont Char-
train: Point Platte: 1 f. (USNM 98144). Cameron: 
1 m. (USNM 30570). Chauvin: 2 m. (AMNH 
9800); 10 m., 33 f. (AMNH 9814). Gulf of Mex
ico, south of Morgan City: 5 f. (AMNH 9831). 

Uca (Minuca) brevifrons 
(Stimpson, 1860). (P. 180.) 

MEXICO. Lower California (South District): west 
coast (near Cape St. Lucas): lagoon at Todos San
tos: from TYPE LOT, 1 f. (MCZ 1332). Guerrero: 
Acapulco: 3 m. (MCZ 5910); 1 claw (MCZ 5892 
part). Puerto Angeles: 1 claw (NYZS 381,119). 

COSTA RICA. Port Porker: 5 m., including yg. + 
claws, 4 f. (NYZS 381122). Negritos I.: 3 m. + 
growth series, including 23 yg. m. and f. (NYZS 
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381123). Cocos I.: 1 f. (USNM 63152). Uvita B.: 
3 m., 2 f. (NYZS 381124). Golfito: 2 m., 1 f. 
(Torino); 1 + 2 yg. f. (NYZS 381125). Quebrada 
Chavarria: 3 m., 4 f. (USNM 19435). Boca del 
Rio Jesus Maria: 1 m. (USNM 32323); 1 m., 
1 f. (USNM 32324). Pigres: 9 m., 1 f. (USNM 
43352). Parida I.: 2 m., 2 f. (NYZS 381126). 

PANAMA. "Panama": 6 m., 2 (1 ovig.) f. (MCZ 
5909); 1 m. (USNM 22185). Yarisa: 2 m. (AMNH 
6641). Banks of Rio Piiias: Pirias B.: 8 m., 1 f. 
(AMNH 10702). Darien: Rio Lara: holotype of 
U. brevijrons var. delicata, m. (Torino). Marraganti: 
1 m. (USNM 48277). Rio Calabre: 4 m. (USNM 
43988). 

CANAL ZONE. La Capitana: 1 m. (USNM 43848); 
3 m. (USNM 44320); 2 large claws (USNM 
49097). 

Uca {Minuca) galapagensis 
Rathbun, 1902. (P. 183.) 

U. (M.) galapagensis herradurensis 
Bott, 1954 
MEXICO. Sonora: Guaymas: ? 1 m. (MCZ 5913). 
Jalisco: Tenacatita B.: ? 1; very yg. in poor condi
tion, discarded (NYZS 381,127; published as U. 
macrodactyla in Zoological 26 (19) : 178; 1941). 

EL SALVADOR. La Herradura: HOLOTYPE of U. herra
durensis, m. (Frankfurt 1865). Los Blancos: holo
type of U. macrodactyla glabromana, yg. m. (Frank
furt 1842). 

NICARAGUA. Corinto: 2 m., 1 f. (MCZ 5912); 12 m., 
1 f. (NYZS 381,128; published as U. macrodactyla, 
loc. cit.). 

COSTA RICA. Boca del Rio Jesus Maria: 1 m., 1 f. 
(USNM 32320). 

PANAMA. Near Panama City: 1 m. (AMNH 5979); 
2 yg. m. (AMNH 5984). Between Patillo Point and 
Old Panama: 1 m. (AMNH 5992). Rio Abajo 
(swamp near mouth; near Old Panama): 89 m., 17 
(1 ovig.) f. (NYZS). 

U. (M.) galapagensis galapagensis 

R a t h b u n , 1902 

COLOMBIA. Tumaco: 1 yg. m., subspecies question
able (Torino); Tumaco (Puntilla Sta. Elena): 1 m. 
(Torino). 

ECUADOR. Galapagos Is.: Indefatigable L: HOLOTYPE 
of U. galapagensis, m. (USNM 22319) -f 5 addi

tional m. under same number; 1 m. (NYZS 2367). 
James I.: 3 m., 1 f. (USNM 57743); 1 m. (NYZS 
2624 part). Eden I.: 1 m. (NYZS 2042; see p. 
188). Guayaquil: 16 m., 10 (1 ovig.) f. (NYZS). 
Puerto Bolivar (mouth of Guayas R . ) : 17 m., 18 f. 
(NYZS). 

PERU. Puerto Grande on Zarumilla R. (near Capon 
salt flats): 1 m. (MCZ 12179). 

[CHILE. Valparaiso: ? type material of G. macro-
dactylus (Paris; see p. 186).] 

Not Examined. A few additional specimens at 
USNM from within the ranges of both subspecies 
and catalogued under the names of U. galapagensis 
and U. macrodactylus. 

Uca {Minuca) rapax 
(Smith, 1870). (P. 190.) 

U. (M.) rapax rapax (Smith, 1870) 
UNITED STATES. Florida: Ft. Lauderdale: Dania 
Beach (mangroves to south): 3 m. (NYZS); Miami: 
Key Biscayne (St. V mudbank drainage): 2 m. 
(NYZS; gift of U. of Miami, Oceanographic Lab. 
Collector: H. K. Voris); causeway to Tahiti Beach, 
south Miami: 13 m., 8 f. (NYZS); 18 m., 8 f. 
(NYZS). Everglades: 2 m. (AMNH 2523). 

MEXICO. Tamaulipas: Laguna de la Madre Austral: 
3 miles south of south point of rocks: 1 m., 2 (1 
ovig.) f. (USNM 96475). 

GUATEMALA. Puerto Barrios: 22 m., 4 f. (NYZS). 

BRITISH HONDURAS. Belize: 2 m., 2 f. (USNM 
22604 part); 1 m., 1 f. (USNM 50950). Loyola 
Park, Yarborough: 23 m„ 6 f. (NYZS; gift of 
C. Fairweather & J. Lopez). 

CANAL ZONE. Fort Randolph, Galeta Pt.: 6 m. 
(USNM 89572). 

WEST INDIES. Bahamas: Andros I.: 30 m. (AMNH 
2449). Haiti: Bizoton: 8 m. (NYZS 27273; col
lected by W. Beebe). Santo Domingo: Sanchez: 5 
m., 1 f. (MCZ 9860 part); 23 m., 14 (1 ovig.) f. 
(AMNH 2441 part). Monte Cristi: 6 m. (MCZ 
9880 part). Puerto Rico: Ensenada: 3 m., 4 f. 
(AMNH 3011 part); 1 m. (AMNH 2984 part). 
Ponce: 4 m. (AMNH 3012); 22 m., 20 f. (NYZS). 
San Juan: 5 m., 1 f. (AMNH 3013); 69 m., 14 (8 
ovig.) f. (NYZS). Virgin Is.: St. Thomas: 100 m., 
17 f. (NYZS); Red Hook: 1 m. (NYZS; gift of Dr. 
Hummelinck). Tobago, near Pigeon Point: 3 m., 3 
(1 ovig.) f. (NYZS); 4 m. (NYZS); 43 m., 5 (1 
ovig.) f. (NYZS). Trinidad: Blanchisseuse (north 
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coast): 3 m. (NYZS). Chacachachari I.: 1 m. 
(AMNH 2452). Port of Spain and vicinity: 2 m. 
(AMNH 2530); 7 yg. f. (NYZS); 4 f. (NYZS); 
Diego Martin R.: 127 m. (NYZS); Cocorite Swamp: 
11 yg. m. (NYZS); 88 m. (NYZS): Laventille and 
Cocorite Swamps: 46 m. (NYZS). Monkey Point, 
near San Fernando: 4 m. (NYZS). Curagao: Car-
mabi: 3 m., 1 f. (NYZS; gift of A.CJ. Burgers). 
Aruba: Spaans Lagoen, Balashi: 3 m., 1 f. (NYZS: 
gift of P. W. Hummelinck). Jamaica: 1 m., 2 f. 
(USNM 18553); 1 m. (USNM 22307). 

COLOMBIA. Cartagena: 14 m., 9 f. (NYZS). 

VENEZUELA. Zulia: Maracaibo: 425 m., 73 f. (NYZS 
42421, 42422, 42426, 42427, parts; 5 collecting 
stations from Yacht Club and vicinity extending 4 
miles north. Note: Maracaibo collection made dur
ing World War II and necessarily preserved in rum 
in the field. Many specimens in poor condition but 
saved because of potential future use in studies of 
growth and variation). Lagunillas: 1 m. (NYZS). 
Yaracuy: mouth of Yaracuy R.: 1 m. (NYZS). 
Carabobo: Puerto Cabello: 54 m., 26 f. (NYZS). 
Aragua: Turiamo: 31 m., 11 (1 ovig.) f. (NYZS). 
Islas Los Roques: 4 m., 3 f. (NYZS; gift of W. H. 
Phelps, Sr.); 33 m., 7 f. (NYZS: gift of W. H. 
Phelps & A. L. Haight). Miranda: Laguna de Taca-
rigua: 11 m. (NYZS: gift of W. H. Phelps, Sr.). 
Anzoa-Tegui: Puerto la Cruz: 2 m. (NYZS). Sucre 
& Monagas: near mouth of San Juan R.: 8 m., 9 
(2 ovig.) f. (NYZS 42168). Delta Amacuro: Peder-
nales: 73 m., 32 (1 ovig.) f. (NYZS 42420). 

GUYANA. Georgetown (foot of Kitty Village): 24 m., 
6 f. (NYZS); 194 m. (including 66 with claws at
tached), 16 f. (NYZS). 

SURINAME. Near Paramaribo (near river mouth): 
13 m., 2f. (NYZS). 

BRAZIL. Maranhao: Sao Luiz (swamp paralleling 
Avenida Getulio Vargas, behind mental hospital): 
36 m., 2 f. (NYZS). Ceara: Fortaleza: (semi-closed 
swamp beside Avenida Getulio Vargas): 4 m. 
(NYZS). Pernambuco: Recife [Pernambuco] (swamp 
before beginning of Olinda Causeway): 11 m., 5 (1 
ovig.) f. (NYZS). Bahia: Sao Salvador [Bahia]: 
Bahia de Todos Santos: Ilya Itaparica: 4 m., 1 f. 
(NYZS). Rio de Janeiro: Ilya Pinheiro: 83 m., in
cluding 59 with claws attached), 29 (1 ovig.) f. 
(NYZS); Serra de Masache: 1 m. (USNM 50690). 

Not Examined. Numerous additional specimens at 
USNM from many localities within the range of the 
subspecies; they are catalogued under the names U. 
pugnax rapax and U. rapax; also a few small speci
mens at AMNH, similarly catalogued. 

U. (M.) rapax longisignalis 
Salmon & Atsaides, 1968 
UNITED STATES. Florida: Yankeetown: 14 m., 3 f. 
(NYZS; gift of M. Salmon). Mississippi: coast of 
Mississippi: 1 m. (USNM 74902). Ocean Springs: 

HOLOTYPE of U. longisignalis, m. (USNM 121599), 
PARATYPES, 5 m. (USNM 122204); 2 m. (NYZS; 
gift of M. Salmon); 4 m„ 2 f. (USNM 215461); 
Biloxi B.: 1 m. (USNM 21845). Louisiana: near 
New Orleans: Grand Isle: 3 m. (USNM 2259). 
Texas: Galveston: Offat's Bayou: 1 m. (USNM 
82110 part). Matagorda B.: 1 m. (MCZ 12178); 
13 m., 1 f. (USNM 33035). 

Uca (Minuca) pugnax 
(Smith, 1870). (P. 200.) 

U. (M.) pugnax pugnax (Smith, 1870) 
UNITED STATES. Massachusetts: Amamesse I.: Had-
ley Harbor: 8 m., 4 f. (AMNH 1031). Cape Cod: 
near Provincetown: SW of Telegraph Hill: 3 m. 
(NYZS, July, 1972); mouth of Little Pamet R.: 1 m. 
(NYZS, July, 1972). Harwich: 12 m., 1 f. (NYZS; 
gift of G. Cuyler); Woods Hole: 6 m., 2 f. (AMNH 
97) ; North Falmouth: 36 m. (AMNH 1030); 1 m. 
(AMNH 1027 part). Martha's Vineyard: Katona 
B.: 5 m., 1 f. (AMNH 2435). Wareham: 7 m., 8 f. 
(AMNH 1026). Connecticut: New Haven: TYPE 
MATERIAL of G. pugnax, 1 m. (Yale 1060). New 
York: Oyster B.: 36 m., 15 f. (NYZS). Fire Island: 
2 m. (AMNH 9358). Sheepshead B.: 1 m. (AMNH 
2454). Staten Island: Princes B.: 29 m., 9 (mostly 
ovig.) f. (AMNH 2447). New Jersey: Bergen 
Beach: 6 m. (AMNH 2438); 3 m. including 1 yg. 
(AMNH 2440); 1 m. (AMNH 2610); 11 f. 
(AMNH 6119). West Keansburg: 1 f. (AMNH 
2611). Near Brigantine: 11m. including 3 yg., 10 f. 
including 1 yg. (NYZS). Florida: St. Augustine: 29 
m., 8 f. (NYZS). 

Not Examined. Numerous additional specimens at 
USNM from many localities throughout the range of 
the subspecies. 

U. (M.) pugnax virens 
Salmon & Atsaides, 1968 
UNITED STATES. Louisiana: Cameron: 1 m. (USNM 
30570). Texas: Matagorda B.: 1 m. (USNM 
33031). Port Aransas: HOLOTYPE of U. virens, m. 
(USNM 121598); PARATYPES, 5 m. (USNM 
122205); 3 m. (NYZS; gift of M. Salmon); 2 m., 
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1 f. (NYZS; gift of M. Salmon). Texas coast: 4 m., 
1 ovig. f. (USNM 72132); "Gulf coast, Texas": 1 
m., 1 f. (USNM 72131). Corpus Christi: 7 m. 
(NYZS). 

MEXICO. Tamaulipas: Tampico: 1 m. (USNM 
18689); 4 m. + ? 1 juv. m. (USNM 43353 part). 
Vera Cruz: Arroyo de la Renal, tributary of Toncho-
chapa R. (Tonala drainage): 10 m., 6 f. (NYZS; 
gift of G.A.W.). Arroyo Amate of Uxpanapa R. of 
Coatzacoalcos (drainage ca. 8 km east of Minatit-
lan): 2 m. (NYZS; gift of G.A.W.); 8 km from 
Coatzacoalcos on new road to Minatitlan: 2 f. 
(NYZS; gift of G.A.W.). 

Uca (Minuca) zacae 
Crane, 1941. (P. 206.) 
NICARAGUA. Corinto: 2 m , 2 f. (NYZS 381,114 = 
USNM 79408). San Juan del Sur: 2 m. (NYZS 
381,115). 

SUBGENUS CELUCA 

Uca (Celuca) argillicola 
Crane, 1941. (P. 220.) 

COSTA RICA. Golfito: HOLOTYPE of U. argillicola, m. 
(NYZS 381,134 = USNM 137400); PARATYPES, 

2 f. (NYZS 381,135 = USNM 137401). 

PANAMA. Pearl Is.: San Jose (banks lower Marina 
R. ) : 2 m. (AMNH 9873). 

COLOMBIA. Buenaventura: several specimens identi
fied with certainty but not preserved (NYZS). 

Uca (Celuca) pugilator 
(Bosc, 18014802). (P. 223.) 

UNITED STATES. Massachusetts: Cape Cod: Truro or 
Corn Hill: 1 m. (USNM 43355); mouth of Little 
Pamet R.; 1 m. (NYZS, July, 1972); North Fal
mouth: 85 m., 12 f. (AMNH 1027 part). New 
York: Long Island: Easthampton: 7 m., 2 f. 
(AMNH 2405); near Oyster B.: 15 m., 8 f. 
(NYZS). New York Harbor: 2 m. (AMNH 55) . 
New Jersey: Bergen Beach: Growth series of yg. 
(AMNH 2613). West Keansburg: 1 yg. (AMNH 
2560). Florida: 5 m. (AMNH 2387). Ft. Lauder
dale (Dania Beach, mangroves): 2 m., 2 f. (NYZS). 
Miami: 5 m., 2 f. (AMNH 3014). Key West: 2 m. 
(USNM 18552). Punta Gorda: 1 m. (AMNH 

COSTA RICA. Golfito: HOLOTYPE of U. zacae, m. 
(USNM 137426, formerly NYZS 381,112); PARA
TYPES, 16 m„ 11 f. (USNM 137427, formerly NYZS 
381,113); 1 m. (NYZS). Cocos I: ? 2 m., ? 1 f. 
(U. of Southern California, Allan Hancock Founda
tion; see p. 207). 

Uca (Minuca) subcylindrica 
(Stimpson, 1859). (P. 209.) 

UNITED STATES. Texas: Corpus Christi: 1 m. (USNM 
23655). 3 miles south of Armstrong: Kenedy Co.: 
4 m. (USNM 99826). Cameron Co.: near Santa 
Rosa: 1 m. (USNM 17807). 

MEXICO. Matamoros (on the Rio Grande): COTYPES 
of G. subcylindricus, 1 m., 3 f. (MCZ 1327). "Mex
ico": 2 m. (Paris. Perhaps also COTYPES; see p. 
210). 

2600); 3 m., 1 f., 1 yg. (AMNH 2631); growth 
series of yg. (AMNH 2886). Seven Oaks: 2 m. 
(AMNH 2389). Texas: Galveston: Offat's Bayou: 
1 m. (ex-USNM 82110). Corpus Christi: 3 m., 1 f. 
(NYZS). 

WEST INDIES. Bahamas: Andros I.: 1 m., 1 f. 
(AMNH 2406). 

? SANTO DOMINGO. 2 yg. males. (AMNH 2555; local
ity questionable; see p. 226). 

Not Examined. The USNM has a large collection of 
additional specimens from many localities on the 
eastern and southern coasts of the United States. All 
of these records fall within the boundaries of the 
examples listed above. Most of the catalogue num
bers apply to single specimens or to short series num
bering fewer than 10 of both sexes. Exceptionally 
large series include the following: Massachusetts: 
Woods Hole: 8 5 + specimens (USNM 3212). Vir
ginia: Smiths Island: 34 m., 41 f. (USNM 74452, 
74453). North Carolina: Beaufort: 25-j- yg. speci
mens (USNM 54471); Gallant Point: Beaufort Har
bor: 3 0 + specimens (USNM 63329). South Caro
lina: "South Carolina": 65 m., 62 f. (USNM 2061); 
Charleston: 30 m., 9 f. (USNM 3148). Florida: 
Pine Key: 79 m., 7 f. (USNM 6440); Big Gaspa-
rilla Pass: 26 m., 23 f. (USNM 15253). 
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Uca (Celuca) Uruguayensis 
Nobili, 1901. (P. 229.) 

BRAZIL. Rio de Janeiro: 2 m., 1 f. (USNM 40624); 
Guanabara B.: Hya Pinheiro: 11m., 2 f. (NYZS); 
Ilya Pinheiro (south side by wharf): 14 m., 7 f. 
(NYZS); Paqueta: 21 m. + 2 claws (USNM 71181); 
4 m. (USNM 71182 part); 1 m. (USNM 71183 
part). Sao Paulo: Santos: E. Piassaguera: 1 m. 
(USNM 47870); Santos Estuary, between canals 4 
and 5: 15 m. (USNM 71187 part). St. Catarina: 
Sao Francisco do Sol: 1 yg. m. (USNM 71180 part). 
Florianopolis: 11 m., 7 f. (USNM 71188 part); end 
of Praia da Fora: 1 m., 1 f., 1 yg. (USNM 73445). 

URUGUAY. Maldonado (near Montevideo): 19 m., 5 
f. (MCZ 5926). La Sierra: HOLOTYPE of U. Uru
guay ensis, m. (Torino). Canelones: Santa Lucia R.: 
2 m. (USNM 72320). 

ARGENTINA. Buenos Aires: Lavalle (Ajo): 6 m. 
(USNM 54716). 

Uca {Celuca) crenulata 
(Lockington, 1877). (P. 232.) 

U. (C.) crenulata coloradensis 
(Rathbun, 1893) 
MEXICO. Gulf of California: Sonora: near mouth of 
Colorado R.: Horseshoe Bend: HOLOTYPE of G. 
coloradensis, m. (USNM 17459). Opposite mouth 
of "Hardy's Colorado R.": 31 m., 12 f. (USNM 
18292); 3 m., 1 f. (MCZ 4263). Guaymas: 7 m., 
4 f. (MCZ 5916). 

U. (C.) crenulata crenulata 
(Lockington, 1877) 
UNITED STATES. California: Newport Beach: 2 m. 
(NYZS). San Diego (Mission B.) : 11 m., 1 f. 
(USNM 55220). 

MEXICO. Lower California (South District): west 
coast: Magdalena B. (Mangrove I . ) : 2 m. (AMNH 
5477). Todos Santos B.: 35 m. -f- 1 extra claw, 9 f. 
(USNM 19033). Gulf of California (South Dis
trict) : La Paz: type material of G. gracilis, 34 m., 
6 f. (USNM 4622). Pichilinque B.: 22 m., 7 f. 
(USNM 22080). Head of Conception B.: 7 m. 
(AMNH 5516). (North District): San Luis Gon-
zaga B.: 4 m. (USNM 17458). San Felipe: 11 m., 
2 f. (USNM 67725). Sonora: Guaymas: 13 m., 3 f. 
(MCZ 1594). South of Gulf of California: Jalisco: 
Tenacatita B.: 2 m., 1 f. (NYZS 381,151). 

Uca (Celuca) speciosa 
(Ives, 1891). (P. 236.) 

U. (C.) speciosa speciosa (Ives, 1891) 
UNITED STATES. Florida: Miami: Key Biscayne: 6 
m., 6 f. (NYZS); ditch by road to Tahiti Beach: 5 
m„ 4 (1 ovig.) f. (NYZS). Card Sound: 4 m., 2 f. 
(USNM 15256). Coon Key: 1 m. (USNM 73418). 
Key West: 3 m. (USNM 71290). Tortugas: 20 m., 
7 f. (USNM 65942). Wakulla Beach: 1 m. (USNM 
90606). Duck Rock (southwest coast): 1 yg. m. 
(AMNH 9622); 1 yg. f. (AMNH 9623). Sanibel I.: 
Heller's Cove or Clam Bayou: 2 m. (MCZ 10182). 
Sarasota B.: 1 m., 2 f. (USNM 42617); 6 m., 2 f. 
(USNM 73417). Manatee Co.: Sugarhouse Creek 
at Travertine Quarry: 4 m., 1 f. (USNM 71289). 

WEST INDIES. Cuba: Matanzas: Hicacos Peninsula: 
Laguna Chaco, Xanadu: 8 m., 4 f. (USNM 99966). 
Laguna de Paso Malo Varadero: 3 m. (USNM 
96456). 

U. (C.) speciosa spinicarpa Rathbun, 1900 
UNITED STATES. Alabama: near Mobile: 3 m., 1 f. 
(USNM 22312). Mobile: E. shore Cedar Pt.: 6 m., 
1 f. (NYZS; gift of D. A. Archer, U. of Alabama, 
1948). Mississippi: Biloxi B.: Ocean Springs: 3 m., 
1 f. (USNM 10103). Biloxi: B. shore: 1 m. (USNM 
21684). Biloxi: Ocean Springs Bridge: 3 m. (USNM 
73419). Biloxi: 1 f. (USNM 54335). E. Biloxi be
low Back B. Bridge: 1 m., 1 f. (USNM 90305). 
Texas: Galveston: TYPES of U. spinicarpa, 2 m., 1 f. 
(USNM 22183); Offatt's Bayou: 1 m. (USNM 
82110 part). Drain near Matagorda B. 1 m. (USNM 
25034). 

MEXICO. "Maron, Lagoon Madre, Mex. from oysters, 
saltwater—E. Palmer by purchase": 1 yg. f. (USNM 
43364). Tampico: 1 m. (USNM 22311); 2 m. 
(USNM 43353 part). 

Uca (Celuca) cumulanta 
Crane, 1943. (P. 240.) 

WEST INDIES. Jamaica: Kingston Harbor: 1 m. 
(USNM 22313). Curagao: 7 m., 1 f. (USNM 
22310). Caracas B.: 1 m. (USNM 56909). Trini
dad: near Port of Spain: Diego Martin: 53 m. 
(NYZS); Cocorite: 4 m. (NYZS); Lavantille: 5 m. 
(NYZS). 

VENEZUELA. Aragua: Turiamo: 34 m., 12 f. (NYZS). 
Delta Amacuro: Pedernales: HOLOTYPE of U. cumu-



lanta, m. (NYZS 42423 = USNM 137402); PARA-
TYPES, 7 m., 6 f. (NYZS 42423a = USNM 
137403); 30 m., 20 f. (NYZS 42425 part; others 
listed by Crane 1943, now missing). 

GUYANA. Georgetown: 13 m., 8 f. (NYZS). 

BRAZIL. "Mamonguape stone reef": 1 m. (USNM 
25700). Rio de Janeiro: Ilya Governador: 1 m. 
(USNM 73446). Paqueta: 1 m. (USNM 71182 
part); 2 m., 1 f. (USNM 71171). 

Uca (Celuca) batuenta 
Crane, 1941. (P. 244.) 

COSTA RICA. Puntarenas: PARATYPES of U. batuenta, 
2 m., 1 ovig. f. (NYZS 381,136 = USNM 79399); 
Ballenas B.: Additional PARATYPES, 4 m., 2 ovig. f., 
1 extra claw (NYZS 381,137 = USNM 137404). 

CANAL ZONE. Balboa (La Boca): HOLOTYPE of U. 
batuenta, m. (NYZS 4121 = USNM 137405); addi
tional PARATYPES, 3 m. (NYZS 4122 = USNM 
137406). 

PANAMA. Near Old Panama: Abajo R. (near mouth 
by water pump): 1 m. (NYZS). 

ECUADOR. Puerto Bolivar: 3 m. (NYZS). 

Uca (Celuca) saltitanta 
Crane, 1941. (P. 247.) 

COSTA RICA. Puntarenas: 3 m., 1 f. (NYZS 381,138). 

CANAL ZONE. Balboa (La Boca): HOLOTYPE of U. 
saltitanta, m. (NYZS 4123 = USNM 137407); 
PARATYPES, 7 m., 7 f. (NYZS 4124 = USNM 
137408); TOPOTYPES, 4 m., 4 f. (NYZS 4125 
part = USNM 79403); 80 m., 50 (most ovig.) f. 
(NYZS 4125 part; others listed by Crane, 1941 now 
missing). 

COLOMBIA. Buenaventura: several specimens identi
fied with certainty but not preserved (Crane). 

Uca (Celuca) oerstedi 
Rathbun, 1904. (P. 251.) 

COSTA RICA. Punta Arenas: PARATYPE of U. oerstedi, 
1 m. (USNM 31506). 

CANAL ZONE. Balboa (La Boca): 9 m., 5 f. (NYZS 
4119). 

MATERIAL EXAMINED 609 

PANAMA. Old Panama: 6 m., 1 f. (NYZS 4120); 
west of Police Station: 44 m., 4 (3 ovig.) f. (NYZS). 

Uca (Celuca) inaequalis 
Rathbun, 1935. (P. 254.) 

NICARAGUA. Corinto: 2 m. (NYZS 381,139). 

COSTA RICA. Puntarenas: 6 m., 3 f. (NYZS 381,140). 
Ballenas B.: 3 m., 1 f. (NYZS 381,141). Golfito: 
10 m., 3 f. (NYZS 381,142). 

CANAL ZONE. Balboa (La Boca): 10 m., 11 f. 
(NYZS 4126). 

ECUADOR. Puerto Bolivar: 6 m., 3 f. (NYZS). 
Guayaquil: El Salado: TYPE of U. inaequalis, m. + 
6 m., 3 f. (USNM 70833; locality spelled on records 
"Salada"); 1 m. (USNM 70900, "Salada"); 22 m., 
10 f. (NYZS). 

Uca (Celuca) tenuipedis 
Crane, 1941. (P. 258.) 

COSTA RICA. Ballenas B.: HOLOTYPE of U. tenuipedis, 
m. (NYZS 381,143 = USNM 137409); PARATYPES, 
8 m., 1 f. (NYZS 381,144, part = USNM 137410); 
PARATYPES, 1 f. (NYZS 381,144, part = USNM 
79404). 

Uca (Celuca) tomentosa 
Crane, 1941. (P. 261.) 

EL SALVADOR. Los Blancos: holotype of U. mer-
tensi, m. (Frankfurt, 1863). 

COSTA RICA. Puntarenas: HOLOTYPE of U. tomentosa, 
m. (NYZS 381,132 = USNM 137411); PARATYPES, 
3 f. (NYZS 381,133, part = USNM 137412); PAR
ATYPE, 1 f. (NYZS 381,133, part = USNM 79406). 
Golfito: 1 m. (NYZS). 

PANAMA. Near Old Panama: Abajo R. (near mouth 
by water pump): 3 yg. m., 3 yg. f. (NYZS). 

Uca (Celuca) tallanica 
von Hagen, 1968. (P. 264.) 
ECUADOR. Puerto Bolivar: 7 m. (NYZS). 

PERU. Puerto Pizarro: HOLOTYPE of U. tallanica, m. 
(Leiden D 23046); PARATYPES, 5 m., 3 f. (Leiden 
D 23047). 
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Uca (Celuca) festae 
Nobili, 1902. (P. 267.) 

EL SALVADOR. Puerto El Triunfo: holotype m. and 
paratypes, 2 m., of Uca orthomana (Frankfurt 1873 
and 2074); 2 of paratypes of Uca leptochela (Frank
furt 2073 part). La Union: 3 m. (Frankfurt 2102). 

PANAMA. Contreras I. (tide pool in jungle): 1 m. 
(AMNH 11562). Near Old Panama: Abajo R. 
(near mouth by water pump): 3 yg. m., 1 f. (NYZS). 

ECUADOR. Guayaquil: El Salado: type material of 
U. guayaquilensis, 2 m., 1 f. (USNM 70831); 2 m., 
1 f. (USNM 70901); 1 m., 2 ovig. f. (NYZS); El 
Rio: 48 m., 42 (8 ovig.) f. (NYZS). Rio Daule 
Inferiore: HOLOTYPE of U. festae, m. (Torino 1438). 
El Oro: Gualtaco (SW Ecuador): 4 m. (USNM 
97908); 3 f. (USNM 97926). 

Uca (Celuca) helleri 
Rathbun, 1902. (P. 271.) 

GALAPAGOS is. 1 yg. m., 1 yg. f. (USNM 63154). 
Albemarle I.: Black Bight: 1 m. (USNM 25666). 
Narborough I.: Mangrove Point: TYPE MATERIAL of 
U. helleri, 3 m., 1 f. (USNM 24829). 

Uca (Celuca) leptochela 
Bott, 1954, 1958. (See p. 274.) 

Uca (Celuca) dorotheae 
von Hagen, 1968. (P. 275.) 

CANAL ZONE. Balboa (La Boca): 1 m., 1 f. (NYZS). 

ECUADOR. Puerto Bolivar: 9 m., 3 f. (NYZS). 

PERU. Puerto Pizarro: HOLOTYPE of U. dorotheae, 
m. (Leiden D 23054); PARATYPES, 25 m. & f. (Lei
den D 23055). 

Uca (Celuca) beebei 
Crane, 1941. (P. 278.) 

NICARAGUA. Corinto: 2 m. (NYZS 381,148). 

COSTA RICA. Puntarenas: 3 m. (USNM 32322; 
46263); 2 m., 2 f. (NYZS 381,149). Boca del Rio 
Jesus Maria: 1 m. (USNM 32321). 

PANAMA. Bahia Honda: 1 m. (NYZS 381,150). 
Panama City (Bellavista): 16 m., 6 f. (NYZS 
4133). Old Panama: 7 m., 3 f. (NYZS 4134). 

CANAL ZONE. Balboa (La Boca): HOLOTYPE of U. 
beebei, m. (NYZS 4129 = USNM 137413); PARA
TYPES, 8 m., 8 f. (NYZS 4130 = USNM 137414); 
30 m., 19 f. (NYZS 4131 part); 2 m., 2 f. (NYZS 
4131 part = USNM 79400); 5 yg. (NYZS 4132). 

ECUADOR. Puerto Bolivar: 7 m., 1 f. (NYZS). 

Uca (Celuca) stenodactylus 
(Milne-Edwards & Lucas, 1843). 
(P. 282.) 

EL SALVADOR: G. of Fonseca: holotype of G. gib-
bosus, m. (MCZ5911). 

NICARAGUA. Corinto: 24 m., 7 f. -f post-megalopal 
yg. (NYZS 381,145). 

COSTA RICA. Port Parker: 1 m. (NYZS 381,146). 
Puntarenas: 3 m. (USNM 39098); 1 m. (USNM 
46263). Golfito: 1 m. (NYZS 381,147). San Lucas: 
2 m. (USNM 76133); 2 yg. m. (USNM 76140). 

PANAMA. Agallero B.: Chitre: 1 m. (NYZS; gift of 
M. D. Burkenroad). Panama City: (Bellavista): 13 
m. (NYZS 4128); 2 f. (NYZS). 

CANAL ZONE. Balboa (La Boca): 1 m. (NYZS 
4127). 

ECUADOR. Puerto Bolivar: 3 m , 1 f. (NYZS). 

CHILE. Valparaiso: TYPE-SPECIMEN of G. stenodac
tylus, m. (Paris). 

Uca (Celuca) triangularis 
(A. Milne-Edwards, 1873). (P. 286.) 

U. (C.) triangularis triangularis 
(A. Milne-Edwards, 1873) 
MALAYSIA. Labuan [North Borneo]: 2 m. (NYZS; 
gift of Raffles). 

INDONESIA. Djawa [Java]: Near Surabaja: Pasuruan: 
10 m., 1 f. (NYZS); Trengglunga: 2 m. (NYZS). 
Moluccas: Amboina: 1 m. (Amsterdam); 1 m. 
(Leiden 1247); syntypes of U. t. variabilis, 3 m. 
(Leiden 1537). WestCeram: 1 m., 1 claw (Amster
dam). 

NEW GUINEA. West Irian: Near Biak: Seroei-Japen: 
5 m. (Leiden 724, part). Territory of Papua and 
New Guinea: near Madang on north-central coast: 
Maiwara: 6 m., 4 (1 ovig.) f. (NYZS). 

? AUSTRALIA. "Great Barrier Reef Expedition": 5 yg. 
(BM 1950.12.1. 17-21; only record found that may 
be from Australia). 
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NEW CALEDONIA. "Nile. Caledonie": TYPE of G. tri
angularis, 1 m. (Paris). Near Noumea: 5 m., 5 f. 
(NYZS). 

PHILIPPINES. Sulu: Tawi Tawi: 1 m. (NYZS). Jolo 
(Princess Tarhata Kiram's Beach): 3 m. (NYZS). 
Mindanao: Zamboanga: 1 m. (USNM 43376); 1 m. 
(USNM 43454); north fishponds shorewards: 32 m. 
(NYZS). Gulf of Davao: Padada Beach: 2 m., 1 f. 
(AMNH 8305); 1 f. (AMNH 8306 part); 1 m. 
(AMNH 8312); 1 m. (AMNH 8314); 1 m. 
(AMNH 8315); 1 m. (AMNH 8316); 1 m., 1 f. 
(AMNH 8317); 1 m., 1 f. (AMNH 8336); Padada 
R. mouth: 1 m. (AMNH 8341); in and near Padada 
R. mouth: 2 m., 3 f. (AMNH 8383); 1 m., 1 f. 
(AMNH 8384); 2 m., 2 f. (AMNH 8385); Davao 
Beach: 9 m. (AMNH 8552). Mangrove swamp and 
adjacent muddy beach: 1 m. (AMNH 8553). Iling 
R., north of Sasa: 2 m. (NYZS). Madaum: 9 m., 
1 f. (NYZS). Negros Occ: Magnanod R., Victorias: 
4 m. (USNM 73270). Panay: Jaro R.: 2 m. (USNM 
73182). Palawan: Baheli R . : 4 m . (NYZS). Luzon: 
Mariveles: 1 m. (USNM 46652). 

PALAU is. 1 m. (Yokohama). 

NANSEI [RYUKYU or LOO CHOO] is. Iriomote L: 1 m. 

(NYZS; gift of T. Sakai, U. of Yokohama). 

U. (C.) triangularis bengali subsp. nov. 
INDIA. Madras: 10 m. & f. + series of yg. (BM 
92.7.15. 209-18). Karikal Marais: 1 m. (Paris 2-
1946, part). Pondichery: 1 m. (Torino 961). 

BURMA. Mergui Archipelago: 2 m. (Amsterdam); 1 
m. (Leiden 6) . 

MALAYSIA. Malaya: Penang: HOLOTYPE of U. t. ben
gali, m. (NYZS = USNM 137674); 49 m., 13 (1 
ovig.) f. (NYZS); 1 m. (NYZS; gift of D. Tarn); 
2 m. (Leiden 1250); 2 m. (USNM 39172). Selangor: 
Port Swettenham: 1 m , 1 f. (NYZS; gift of M.W.F. 
Tweedie, Raffles). 

Uca (Celuca) lactea 
(de Haan, 1835). (P. 292.) 

U. (C.) lactea annulipes 
(Milne-Edwards, 1837) 
ETHIOPIA. Eritrea: Massawa: 49 m., 18 f. (NYZS); 
1 m. (AMNH 4323 part). Green I. (near Mas
sawa): 4 m. (NYZS). Perim I.: 1 m. (Paris). 

SOMALILAND. Obock: 2 m. (Paris). 

KENYA. Near Mombasa: Gazia: Small series, includ
ing 3 m. checked (Paris). 

"BRITISH EAST AFRICA": strait at Changamwe: 7 m., 
4f. (USNM 43379). 

TANZANIA. Pemba: Near Chake Chake: Kiburunzi: 
5 m. (NYZS). Zanzibar: 1 m. (USNM 19558); 5 
m., 3 f. (USNM 22197). Chwaka: 2 m. (NYZS). 
Muongoni: 20 m. (NYZS). Chakwani Fish Ponds: 
146 m., 22 f. (NYZS). Between Mbeni and Chak
wani Fish Ponds: 3 m. (NYZS). 

MOZAMBIQUE. Inhaca I.: east lagoon: 393 m., 90 (1 
ovig.) f. (NYZS). 

MADAGASCAR. 1 m. (Paris); northwest Madagascar: 
1 m. (USNM 19554). 

SOUTH AFRICA. Natal: Durban: 1 m. (AMNH 1153). 

INDIAN OCEAN. "Mer des Indes": LECTOTYPE of G. 
annulipes, m., -f- 2 m., totaling 3 m. listed as "types 
non specifies" by museum (Paris). Mauritius: 2 m. 
(BM); 1 m. (Paris). Seychelles: Mahe I.: 7 m. (BM 
196). 

PERSIAN GULF. 1 m. (Paris). 

PAKISTAN. Kurrachee [? = Karachi]: 4 m. (USNM 
13877). Karachi: 86 m., 19 (1 ovig.) f. (NYZS). 
Between Karachi and Clifton: 6 m., 1 f. (NYZS). 

INDIA. Bombay: 2 m. (NYZS: identified in field; not 
saved). Mahe: 3 specimens (Torino). Ernakulam: 
5 m., 2 f. (Marine Fisheries Lab., Ernakulam). 
Pondichery: small series (Paris). Tuticorin: 5 m. 
(BM 90.10.20. 11-14). Karikal Marais: 1 m. 
(Paris). Madras: 2 m. (USNM 19710). Near 
Madras: Pamban: 32 m. examined in long series 
(BM Harding). "Calcutta": 1 m. (MCZ 5799). 

CEYLON. 1 m. (BM 1.16.158). Negombo: 54 m. 
(NYZS). 

BURMA. Rangoon: 3 m. (MCZ 5800). Mergui: 1 m., 
1 f. (Amsterdam). 

MALAYSIA. Malaya: Penang: 3 m. (NYZS); 1 m. 
(NYZS, gift of D. Tarn, Bureau Fisheries). Ma
lacca: Malacca: 3 m. (Leiden 1742): 3 m. (Amster
dam); 2 m. (USNM 39175 part). Port Dickson: 1 
m. (Leiden 5240, part). Malacca Straits: 2 m. (Lei
den 4891). Labuan [North Borneo]: 1 m. (NYZS; 
gift of Raffles through M.W.F. Tweedie). 

SINGAPORE. 4 m. (NYZS; gift of Raffles through 
M.W.F. Tweedie). Gaylang R. by Kallong Airport: 
49 m., 41 f. (NYZS). 

"BORNEO." lectotype of G. porcellanus, m. and para-
type m. (BM 901.444.106). 

INDONESIA. South China Sea: Anambas Is.: Pulo 
Siantan: 1 m. (USNM 23365); Pulo Lankawi: 4 m. 
(USNM 23875). Kalimantan [Borneo]: Pontianak: 
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1 m. (Amsterdam). Djawa [Java]: Djakarta [Bata-
via] at Tanjong Priok: 5 m. (Leiden 2010, part); 
7 m. (Leiden 2012); 7 m., not designated types, but 
labeled "Gelasimus consobrinus de Man," as stated 
on p. 298 (Amsterdam). North coast: 3 m. (Leiden 
2031). Madura [Madoera]: 4 m. examined (Leiden 
2035, part). Besuki [Besoeki]: 1 m. (Leiden 238, 
part). Bantam Pruput: 1 m. (USNM 43378). 
Celebes: Makasar [Makassar]: 2 m. (Leiden 2608); 
1 m. (Leiden 5239); 29 m., 3 f. (MCZ 7247). Pare-
pare: 10 m. (Amsterdam, part). 

PHILIPPINE is. Sulu: Tawi Tawi: 28 m. (NYZS). 
Tapiantana I.: 1 m. (USNM 43449). Mindanao: 
Sasa: Gulf of Davao: 6 m., 1 f. (NYZS). Davao: 
Malalag: 5 m. (NYZS). Panay: Iloilo: 8 m. (USNM 
73198 part). Samar: Catbalogan: 3 m. (NYZS; gift 
of Sohrab Boy a, Araneta Institute of Agriculture). 
Palawan: Ulugan B.: 1 m.; gonopod has some /. per-
plexa similarities (USNM 43450). 

U. (C.) lactea mjobergi Rathbun, 1924 

AUSTRALIA. Northern Territory: Darwin ("Buffalo 
Creek" and Dinah B.) : 16 m., 28 f. (NYZS); Golf 
Club Creek: 23 m., 10 f. (NYZS). Western Aus
tralia: Broome: PARATYPE of U. mjobergi, m. 
(USNM 56418); 245 m., 5 f. (NYZS). Near 
Broome: Cape Boileau: 1 m., 1 f. (BM 1932.11.30. 
166-168). 

NEW GUINEA. West Irian: Bosnek: Mokmer, near 
Biak: 1 m. (Leiden); west of Bosnek: 3 m. (Lei
den). 

U. (C.) lactea lactea (de Haan, 1835) 

HONG KONG. Kowloon (Castle Peak Area): 39 m., 
10 (1 ovig.) f. (NYZS). 

CHINA. "Chine": 2 m. (Paris). Fukien: Amoy: 2 m., 
1 f. (BM 1935.3.19.7); 1 m. (Leiden 252); 3 m., 
3 ovig. f. (USNM 61836). Tsimei: 4 m. (USNM 
57827). Chin Bey: 2 m, (USNM 57045). Jau Ab: 
1 m. (USNM 59166). Liuwutien: 3 m., 1 f. (USNM 
61839). 

TAIWAN [FORMOSA]. Tamsui: 45 m., 2 (1 ovig.) f. 
(NYZS). Shinchiku: 1 m. (USNM 55384). 

JAPAN, LECTOTYPE of G. laeteus, m. (Leiden 254 
part), + additional TYPE MATERIAL (Leiden 254 
part); additional specimens (Leiden 1575). Kyushu: 
Kagoshima: 1 m. (USNM 48475). Miyazaki Prefec
ture: 1 m. (NYZS; gift of Kyushu U.) . Fukuoka: 
Tatara R.: 6 m. (NYZS; gift of T. Sakai, U. of Yoko
hama). Honshu: Hiroshima Prefecture: Onomichi: 
4 m. (USNM 43377). 

U. ( C . ) lactea perplexa 

(Mi lne-Edwards , 1 8 3 7 ) 

INDIA. Pondichery: small series (Paris). 

MALAYSIA. Malaya: Negri Sembilan (near Sungei 
Dua ferry): 1 m., 2 f. (NYZS). Malacca: Port Dick
son: 1 yg. m. (Leiden 5240); 2 m. (Leiden 5270 
part); Malacca: 2 m. (USNM 39175 part). Sara
wak: Santubong: 1 m. (BM 1900.12.1.22). Labuan 
[North Borneo]: 3 m. (Torino). 

[See also under INDONESIA for other localities on 
Borneo.] 

SINGAPORE. 1 m. (NYZS; gift of Raffles through 
M.W.F. Tweedie). Gaylang R. by Kallong Airport: 
21 m., 19 f. (NYZS). 

THAILAND. G. of Siam: Laem Ngop [Lem Ngob]: 2 
m. (USNM 39713). Chon Buri: Bong Saen: 4 m. 
(USNM account no. 214063-2 parts). Bangpoo 
(near Bangkok): 2 m. (USNM 94420; lost by 
Crane after examination). 

INDONESIA. Kalimantan [Borneo]: Pontianak: 2 m. 
(Amsterdam part). Samarinda: type of U. annulipes 
var. orientalis, 1 m. (Torino 1521). Sumatera [Su
matra]: Simeuleu [Simaloer]: 4 m. (Leiden 2084). 
Benkulen: 10 m. (USNM 75867). Djawa [Java]: 
"Javae": 2 m., listed by museum as "TYPES NON 
SPECIFIES" of G. perplexus (Paris). West coast: 1 m. 
(Leiden 2030). Djakarta [Batavia], at Tandjong 
Priok: 1 m. (Leiden 2010 part). Bantam Pruput: 1 m. 
(USNM 43378). Madura [Madoera]: 23 m. (Leiden 
2032). Near Surabaja: Trengglunga: 1 m. (Amster
dam); 4 m., 1 f. (NYZS); Pasuruan: 1 m. (Amster
dam); 50 m., 23 f. (NYZS); Besuki [Besoeki]: 2 m. 
(Leiden 238 part). Sulawesi [Celebes]: Makasar 
[Makassar]: 4 m., 1 f. (USNM 39475); 1 m. (MCZ 
7247 part). Parepare: 5 m. (Amsterdam, part). 
Molucca Is.: Batjan (off Halmahera): 1 m. (BM). 
Tawang I. (near Pahaji B., western Halmahera): 19 
m., 1 f. (MCZ 11184). Tenimber [Timorlaut] Is.: 
1 m. (BM). Aru [Aroe, Arrou] Is.: 1 m. (Paris). 
Seram [W. Ceram]: Piru [Piroe]: 2 m. (Amster
dam); 3 m., 1 f. (Amsterdam). Ambon [Amboina]: 
1 m. (Amsterdam). 

PHILIPPINE is. Sulu: Tawi Tawi: 10 m. (NYZS). 
Jolo: (Princess Tarhata Kiram's Beach): 10 m. 
(NYZS). Tapiantana I.: 1 m. (USNM 43449). 
Mindanao: Zamboanga (northeast fishponds, sea
ward of dikes): 161 m., 31 (7 ovig.) f. (NYZS). 
Gulf of Davao: Sasa: 7 m. (NYZS). Iling R. (north 
of Sasa): 3 m. (NYZS). Madaum: 3 m. (NYZS). 
Malalag: 3 m. (NYZS). Mataling R., Malabang: 25 
m., 3 yg. f., -f- 12 extra claws and several bodies in 
poor condition (USNM 43382). Cebu Channel: 
Waiming: 2 m. (USNM 26201). Negros Occ: 
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Bangi Bangi, Magnanod R.: 8 m. (USNM 64979); 
1 m. (USNM 64986); 3 f. (USNM 64989); 3 f. 
(USNM 64990); 2 f. (USNM 65008). Panay: shore 
about Iloilo R.: 1 m. (USNM 43452). Iloilo: 20 m., 
4 f. (USNM 73198 part). Jaro R.: 11 m. (USNM 
73191); 2 m. (USNM 73199). Guimares: 1 m. 
(USNM 26202); Jordan R . : 6 m . (USNM 43453). 
Palawan: Puerto Princesa: 6 m., 3 (1 ovig.) f. 
(NYZS). Ulugan B.: 1 m. (USNM 43450). Luzon: 
Novatas, near Manila (mouth of Dagadagatan R. ) : 
1 m. (NYZS). Bataan: Lamao: 23 m., 2 f. (NYZS; 
gift of Miss Beatrice Haygood, Araneta Institute of 
Agriculture). Mariveles: 25 m. (USNM 46649). 
Casaguran: 4 m. (USNM 43381). 

NANSEI [RYUKYU or LOO CHOO] is. "Loo Choo": 2 m. 
(BM 87.5). Ishigaki I.: mouth of Miyara R.: 4 m., 
1 f. (NYZS; gift of T. Sakai, U. of Yokohama). 
Kume-jima (Loo Choo Is.): 2 major chelipeds 
(USNM 73260). Okinawa: Baten: 1 m. (NYZS; 
gift of T. Sakai, U. of Yokohama). 

JAPAN. Tokaito Coast: Oho Sima: 1 m. (USNM 
22287). 

NEW GUINEA. West Irian: Kotabaru [Hollandia], 
Japen I., and Biak: series, m. & f. (Leiden, collec
tions by H. B. Holthuis, years 1952-1955). Territory 
Papua & New Guinea: near Madang on north-
central coast: Maiwara: 21 m., 3 f. (NYZS). Port 
Moresby: Taurama Beach: 1 m. (U. of Papua & 
New Guinea). 

AUSTRALIA. New South Wales: Trial B.: 1 m. (Bishop 
2484); 2 m. (USNM 64607). 

NEW CALEDONIA. 2 m. (USNM 20300). Near Nou
mea: 13 m., 6f. (NYZS). 

PACIFIC OCEAN. Caroline Is.: 1 m. (BM 98.11.1. 
1-5). Lawi-Kondo: 5 m. (Bishop 4435). Solomon 
Is.: 2 m. (Paris). New Hebrides: Malle Kula: 2 m. 
(Paris). Fiji Is.: Viti Levu: Rewa (near mouth 
Wainibokasi R . ) : 9 m., 3 f. (NYZS). Suva: (Queen 
Elizabeth Drive and flat between town and seaplane 
base): 31 m., 10 f. (NYZS). Tavua: 19 m., 17 f. 
(NYZS). Kandavu Island: Tavuki: 12 m. (MCZ 
5801). Bau I.: 1 f. (MCZ 5803). Lasema: 2 m. 
(MCZ 9080). Nukulau I : 1 m. (MCZ 5802). 
Friendly Is. [Tonga]: Vavau: 5 m. (BM 1911.9.18. 
27-29). Samoan Is.: 2 yg. m. (USNM 72522). Pago 
Pago: 1 m. (USNM 6587). Apia: 9 m., 1 ovig. f. 
(USNM 43380). 

Uca (Celuca) leptodactyla 
Rathbun, 1898. (P. 304.) 

MEXICO. 3 m., the basis for Guerin's manuscript 
name, Gelasimus leptodactylus (Phil. Acad. 9-2965). 

WEST INDIES. Bahamas: New Providence: Nassau 
(near Fort Montague): TYPE MATERIAL of U. lepto
dactyla, 1 m , 1 f. (USNM 22315). Bimini: north 
of Lerner Marine Lab.: 3 m., 3 f. (USNM 91738). 
Turks I.: 1 m. (AMNH 2296). Puerto Rico. San 
Juan: San Antonio Bridge: 13 m., 9 f. (USNM 
24546). Tobago: near Pigeon Point: 11 m., 3 f. 
(NYZS). Lagoon off Buccoo Reef: 7 m. (NYZS). 

VENEZUELA. Aragua: Turiamo: 14 m., 9 f. (NYZS). 

BRAZIL. Pernambuco: Recife [Pernambuco]: 14 m., 
3 f. (USNM 40617); swamp before beginning of 
Olinda Causeway: 5 m., 5 f. (NYZS); ? Pernam
buco: 12 m., 7 f. (USNM 40618); Bahia: Sao Sal
vador [Bahia]: Bahia de Todos Santos: 3 m., 3 f. 
(USNM 48297); Ilya Itaparica: 29 m. (NYZS); 80 
m., 24 f. (NYZS). Porto Securo: 3 m., 1 f. (USNM 
22189). Plataforma: 10 m., 3 f. (USNM 40616). 
Rio de Janeiro: 21 m., 10 f. (MCZ 5923); Guana-
bara B.: Paqueta I.: 10 m. (USNM 71183 part); 
4 m., 1 f. (USNM 74484); 2 claws, 7 f. ? 2 yg. 
(USNM 71182); Ilya Governador: 1 m. (USNM 
71185); Niteroi [Nictheroy]: Conto do Rio: 1 m., 
1 f. (USNM 74438). Sao Francisco: 1 f. (USNM 
73490). Rio de Janeiro and Sao Paulo: Parahyba 
R.: 1 m. (USNM 25701). Sao Paulo: Santos: be
tween canals 4 and 5 of estuary: 2 m., 2 f. (USNM 
71187). Sao Sebastiao: 1 m. (USNM 47850). 
Parana: Paranagua: 5 chelipeds (USNM 71184). 
St. Catarina: Sao Francisco: 3 m., 9 f. (USNM 
71186); 13 m., 7 f. (USNM 71180); 1 f. (USNM 
73490); 8 m., 11 f. (USNM 71179). Florianopolis: 
1 m. (USNM 71188 part). Also from Brazil: Paiuny: 
Amarracao: 1 m. (USNM 48894). Maruim: 4 m. 
(USNM 22318). 

Not Examined. Additional specimens at USNM from 
throughout the West Indies. 

Uca (Celuca) limicola 
Crane, 1941. (P. 308.) 

EL SALVADOR. El Zunzal: 2 m. (Frankfurt 1862, 
1864). 

COSTA RICA. Golfito: HOLOTYPE of U. limicola, m. 
(NYZS 381,152 = USNM 137415); PARATYPES, 

17 m. & f. (NYZS 381,153 part = USNM 137416); 
1 m., 1 f. (NYZS 381,153 part = USNM 79401); 
1 m. (NYZS). 

Uca (Celuca) deichmanni 
Rathbun, 1935. (P. 311.) 

COSTA RICA. Port Parker: 9 m., 7 f. (NYZS 381,154). 
Piedra Blanca: 1 m. (NYZS 381,155). Uvita B.: 7 
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m., 5 f. (NYZS 381,156). Golfito: 10 m. (NYZS 
381,157). 

PANAMA. Bahia Honda: 1 m. (381,158). Shore of 
Panama: HOLOTYPE of U. deichmanni, m. (USNM 
70832). Panama City: 7 m., 6 f. (NYZS 4142); 
(Bellavista): 1 m. (NYZS). Old Panama: 2 m., 2 f. 
(NYZS 4143); below Police Station: 2 m. (NYZS). 

CANAL ZONE. Balboa (La Boca): 5 m. (NYZS 4141). 

Uca (Celuca) musica 
Rathbun, 1914. (P. 314.) 

U. (C.) musica terpsichores Crane, 1941 
NICARAGUA. Corinto: 1 f. (NYZS 381,159). 

COSTA RICA. Port Parker: 1 m., 3 f. (NYZS 381,160). 
Golfito: 4 m., 1 f. (NYZS 381,161). 

PANAMA. Old Panama: 2 m. (NYZS 4146). 

CANAL ZONE. Balboa (La Boca): HOLOTYPE of U. 
terpsichores, m. (NYZS 4144 = USNM 137417); 
PARATYPES, 1 m., 1 f. (NYZS 4145 part = USNM 
79405); PARATYPES, 2 f. (NYZS 4145 part = 
USNM 137418). 

ECUADOR. Jambeli I., near mouth of Guayas R.: 3 m. 
(NYZS). 

U. (C.) musica musica Rathbun, 1914 
MEXICO. Lower California (South District): West 
Coast: Magdalena Bay: 1 m. (USNM 50632). Isla 
Margarita: 2 m. (USNM 95527). Gulf of Califor

nia: 42 m., 3 f. (AMNH 2424). (South District): 
La Paz: 6 m. (USNM 2294). Pichilinque B.: HOLO
TYPE of U. musica, m. (USNM 22081). Near Puerto-
cito: 10 m., 1 f. (USNM 106176). (North District): 
San Felipe: 1 m., 1 f. (USNM 67733); 2 m., 2 f. 
(MCZ 9334). Tepoca B.: 1 f. (USNM 58112). 
Sonora: shore of Guaymas B.: 1 m. (USNM 31512). 
Sinaloa: Mazatlan: 2 m. (USNM 5054). South of 
Gulf of California: Nayarit [Tepic Terr.]: San Bias: 
63 m., 7f. (USNM 99755). 

Uca (Celuca) latimanus 
(Rathbun, 1893.) (P. 319.) 

MEXICO. Gulf of California (South District): La 
Paz: TYPE of G. latimanus, m. (USNM 17500). 
Sinaloa: Escuinapa: 1 f. (USNM 60230). Nayarit 
[Tepic Terr.]: San Bias: 10 m. (USNM 99754). 
Jalisco: Tenacatita B.: 6 m. & f. (NYZS; specimens 
lost). 

NICARAGUA. Corinto: 1 m., 1 f. (NYZS 381,163). 
San Juan del Sur: 1 m., 1 f. (NYZS 381,164). 

COSTA RICA. Port Parker: 1 m., 1 f. (NYZS 381,165). 
Culebra B.: 1 m. (NYZS 381,166). Gulf of Dolce: 
Santo Domingo: 1 m. (USNM i9442). Golfito: 4 
m., 4 f. (NYZS 381,167); 3 m. (NYZS). 

PANAMA. Panama City: 3 m., 2 f. (NYZS 4148). 
Contreras I.: 1 m. (AMNH 11563). 

CANAL ZONE. Balboa (La Boca): 24 m., 8 f. (NYZS 
4147). 

ECUADOR. Puerto Bolivar: 2 m. (NYZS). 
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Appendix B. Keys 

INTRODUCTION 

The following keys are regional and artificial, not 
phylogenetic. It would no doubt have been possible 
to make one mammoth key to the entire genus, but 
the phylogenetic aspects of this genus have, it is 
hoped, been covered in text, tables, and diagrams. 
On the other hand, a means of practical identifica
tion of species is essential in this confusing group; a 
single key, it seems, would have been only a tour de 
force of little pragmatic value. Therefore any phylo
genetic order that appears in the keys is adventitious. 

Because of the fragility of specimens, the frequent 
absence in collections of some important appendages, 
and the fact that half of every population is female, 
effort has been made to include several characters for 
each species. Nevertheless in most species the most 
conspicuous characters are on the major cheliped 
only, while the most reliable, with few exceptions, 
show on the gonopod. The characters on the latter 
appendage are omitted in the keys whenever feasible 
because of the inconvenience and sometimes diffi
culty of adequate examination; when they are used, 
an attempt is made to refer only to the more macro
scopic characters. Most field workers are in the habit 
of carrying at least a xlO lens; this should be ade
quate to settle many dubious cases even on a mud 
flat. It goes without saying, however, that the keys 
are only a preliminary guide to be used in close asso
ciation with figures, plates, diagnoses, and descrip
tions. 

One difficulty in the construction of the keys has 
been the allometric character of many attributes— 
particularly the proportions of fingers to manus in 
the major cheliped. The characteristics affected by 
growth as well as secondary sexual characters should 
be kept in mind during use of the keys. The more 
obvious attributes in these two groups are as follows. 
In the young the major fingers are much shorter than 
in adults, while the entire major cheliped is propor

tionately short; the carapace is narrower in the young 
and has the orbits more oblique. In females the orbits 
are usually less oblique than in males, the ambula
tory meri broader, the suborbital crenellations larger, 
and the tubercles on the ambulatories both larger 
and more numerous. Any reference in the keys to 
slender ambulatory meri or extremely oblique orbits, 
or to other primarily non-sexual characters, apply to 
both sexes unless otherwise specified; that is, there 
may still be slight differences between the sexes in 
the species concerned, but the character indicated is 
clearly applicable to both sexes in comparison with 
its expression in the alternate choice in the key. 

When the words palm, pollex, dactyl, and fingers 
appear, those of the major cheliped are to be under
stood, unless the term minor cheliped or small cheli
ped is used; minor cheliped is reserved for the small 
cheliped of the male; small applies to both sexes or 
to the female. 

Species recorded from highly questionable locali
ties are not included in the regional keys concerned. 
An example is tangeri, which was recorded once from 
Brazil. Others are listed on pp. 326-27. 

In first planning these keys I had hoped to include 
behavioral and ecological characters. Because of the 
unexpected extent of both variation and convergence 
that has emerged, the idea proved impractical. On 
the other hand, any worker staying for a time in one 
subregion can easily construct a serviceable and bio
logically enlightening key, including unmistakable 
attributes of habitat, waving display, and sound pro
duction. When such keys are available and biologists 
using Uca in various ways come to know their mate
rial in the field, the overlong alternates on some of 
the following pages will no longer, we may hope, 
seem necessary. 

The Guide to Characters that follows gives refer
ences to illustrations of the principal characters em
ployed in the keys. 
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Guide to Characters 
(For location of characters on the crab, see Figs. 1-3; 42-44 and Table 13.) 

Character Examples 

CARAPACE (DORSAL PART) 

Figures Plates 

26 A, 
26 C, 
26 A 
26 E 
26 G 
26 H 

24 E, 
24 J 

24 C 
24 H 

24 C, 
24 H, 

E 
F 

H 

J 
M 

Front 
Narrow 26 A, E 13 F, 19 B 
Wider 26 C, F 15 H, 17 F, 25 F 
Base moderately constricted 26 A 13 F 
Base strongly constricted 26 E 19 B 
Anterior margin distinct 
Anterior margin obsolescent 

Orbital Margin 
Scarcely oblique 
Strongly oblique 

Antero-lateral Angles 
Acute and produced 
Rectangular 

Antero-lateral Margins 
Short to absent 
Long 
Curving gradually into dorso-laterals -
Turning at an angle into dorso-laterals -

Dorso-lateral Margins 
Weak to absent -
Well-marked -
Tuberculate -

Carapace Convexity 
Slight 25 C 
Almost semi-cylindrical 25 F 

ORBITAL REGION 

Eyebrows 
Lower margin absent 
Lower margin present 
Narrow 
Broad 

Suborbital Margin 
Rolled out 
Erect 
Crenellations small to absent (except 

usually externally) 
Crenellations large 26 H 

Floor of Orbit 
With tubercles 
With a ridge or mound 
Without elevations 

26,4, 
26 C, 
26 C 
26 G 

26.4 
26 D 
26 G 

E 
G 

Eye 
With a style or stylet 29 C 19 E, F; 20 A, B 
Eye diameter greater than that of erected stalk 
Eye diameter similar to that of erected stalk 

26,4 
26 B 
26 C 

29 C 
31 A 
31 H 

3 E, 27 E 
1 A, 22 E, 28 A 

IE, 22 A 
23 A 

9 E\ 22 E; 38 E 
5 A; 21 A 
23 A 
34 A; 36 A 

18 £ 
19,4 
21 E, F 
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Character Examples 

Figures Plates 

MAJOR CHELIPED 

Merus (Antero-lateral Margin) 
With distal tooth or teeth 
With row of tubercles 
With crest 
Without large structures 

Outer Manus 
Tubercles large 
Tubercles small 
Upper part bent over, with ridge and adjacent 

groove 
Tubercles largest near dorsal margin 
Tubercles largest near pollex base 
With proximal projection 

Palm 
Oblique tuberculate ridge strong 
Oblique tuberculate ridge weak 
Oblique tuberculate ridge obsolescent to absent 

Proximal Ridge at Dactyl Base 
Parallel to distal ridge 
Diverging from distal ridge 

Beaded Edge above Carpal Cavity 
Present 
Short and weak to absent 

Lower Proximal Palm 
With enlarged or patterned tubercles 
With parallel ridges ("stridulating ridges") 

Dactyl (Outer) 
With 2 long grooves 
With 1 long groove 
With no long grooves 
Broad and flat 

Pollex (Outer) 
Base with definite small depression 
Base with broad, shallow depression 
Base without a definite depression 
Shape somewhat triangular, the base deep - 33 C, G 
Shape normal, the base not wider than adjacent 

part of dactyl - 37 C 
Supraventral keel present 42 (no. 6) 37 C 
Conspicuous pits present - 21 C 

Gape 
Dactyl with subdistal hook-like projection 39 G 16 D 
Pollex and dactyl with forceps-like tip 38 A, B -
Pollex with triangular projection 42 (no. 61) ; 12 B, BB 10 C, D; 32 G, H; 33 G, H 
Pollex with a subdistal outer crest 39 E -
Pollex with a subdistal tooth in middle row - 26 H; 27 C, D 

MINOR OR SMALL CHELIPED 

Merus 
Posteriorly flattened, with special tubercles 51 A -

-
1 A 
10 A 
5 A 

38 A-W; 39 C 
39 A, E 

43 (nos. 17, 16) 
-
-
85 Ca 

44 (no. 41);39#;40C 
39/ 
39 G 

44 (no. 32) 
-

44 (no. 27); 39 H 
39/ 

49 Ca 
49 Aa 

38 E,G 
38 A, C 
381, K 
39 C 

39 A 
38/ 
38.4 

14 E; 21 E 
3 E; 21 A 
18 E 
22 A 

5 C; 21 G 
12'G;30 C 

30/ 
15 C 
14 G 
22 C 

26 H 
23 D 
22 D 

27 D; 30 D; 38 H 
24 H; 25 D 

-

-

-
-
-

15/ 
14 G 
16C 
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Character 

Gape 
Narrow 
Broad 
Serrations present 
Serrations vestigial or absent 
Enlarged teeth present 
Enlarged teeth absent 

Chela with Thick Distal Brushes 

Examples 
Figures 

46 A, I 
46 L,M 
46 B, K 
46 G, L, N 
46 E,P 
46 B, J 

46 H 

Plates 

AMBULATORIES 

Merus 
With simple tubercles not raised on striae 
Tubercles in rows raised on vertical striae 
Segment slender 
Segment broad or enlarged on 4th leg 
Dorsal margin almost straight on 4th leg 
Dorsal margin convex on 4th leg 

1st Ambulatory Anteriorly with Tubercles or a Ridge 

Pile on Ventral Surface of Some Segments 

GONOPOD 

Tip thick and blunt 
Tip a projecting tube 
Tip with short, spinous projection 
Flanges moderate to wide 
Flanges vestigial to absent 
Thumb large, subdistal 
Thumb long 
Thumb arising far from tip 
Thumb a nubbin 
Thumb a straight shelf 
Thumb an oblique shelf 
Inner process large, truncate 
Inner process thin, tapering 
Inner process tumid 

GONOPORE (Female) 

With tubercle or protuberance 
Without tubercle 

ABDOMEN (Male) 

Segments all distinct 
Some segments more or less fused 

MAXILLIPEDS 

Spoon-tipped Setae on 2nd 
Each with a pointed basal process 
None with a pointed basal process 

Gill on 3rd 
Large, with distinct books 
Small to vestigial, without books 

52 A, B 
52 C,D 

49 B, D 

56/4; 
58 H 
61 G, 
58,4, 
58 G, 
58 D, 
56 F; 
58 B 
58 H 
71 B 
71 A 
58 E; 
58 D, 
5$ A, 

54 B, 
54 D, 

53 A 
53 C, 

58,4 

I 
B,E 
H,l 
E,F 
58/ 

66 B 
G,H,I 
65 B 

E,KK 
II 

D 

3 E; 24 E; 39 A 
2A\6 A 
39 A 
2 A 

25 A 

37 E, F, G 
37 except E, F, G 

82 C, D, E, F, G 
82 H,l 
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KEY TO THE GENERA OF OCYPODINAE 

Eyes elongate, occupying most of ventral 
surface of eyestalks. Chelipeds very unequal 
in both sexes. Antennular fiagella rudimentary, 
completely hidden beneath front Ocypode 

Eyes round, terminal on slender eyestalks. 
Male with 1 cheliped enormously enlarged; the 
other, and both chelipeds in female, are minute 
and similar to one another. Antennular fiagella 
small, not hidden beneath front Uca 

(p. 15) 

KEY TO THE SUBGENERA OF Uca 
(Guide to Characters: p. 616) 

1. Front narrow: narrowest between eyestalk 
bases, its minimum breadth subequal to, 
rarely, 1.5 times, basal breadth of erected 
eyestalk 2 

Front wider: narrowest below eyestalk 
bases, its breadth between them twice or 
more basal breadth of eyestalk 5 

4(2). 

2(1). 

K2). 

5(1). 

Suborbital margin rolled out, its 
crenellations very small to absent, except 
sometimes near outer angle; floor of orbit 
often with tubercles, a ridge or a mound; gill 
on 3rd maxilliped small to vestigial, without 
books 3 

Suborbital margin erect, its crenellations 
large; floor of orbit without any elevations; 
gill on 3rd maxilliped large, with distinct 
books in at least, most individuals of a 
population 4 

Major merus without large structures on 
antero-dorsal margin; tubercles on outer 
manus large, usually largest near pollex base; 
pollex never with a ventral carina; 
ambulatory meri always with simple 
tubercles that are never raised on vertical 
striae; gonopod tip usually thick and blunt, 
rarely a projecting tube Deltuca 

(Indo-Pacific; 
p. 21) 

Major merus with an antero-dorsal crest; 
tubercles on outer manus moderate to small, 
always largest in dorsal half; pollex sometimes 
with a ventral carina; ambulatory meri 
sometimes with some tubercles on vertical 
striae; gonopod tip always a projecting 
tube ;. Australuca 

(Indo-Pacific; 
p. 62) 

6(5). 

7(6). 

Lower margin of eyebrow present; base 
of front between eyestalks moderately 
constricted, its breadth more than equal to 
diameter of the erected stalk; tubercles of 
outer major manus enlarged only at pollex 
base; pollex without a ventral carina; 
spoon-tipped setae on 2nd maxilliped never 
with a pointed basal process; eye never 
with a distal style Thalassuca 

(Indo-Pacific; 
p. 75) 

Lower margin of eyebrow absent; base of front 
between eyes strongly constricted, its breadth 
much less than diameter of erected stalk; 
tubercles of outer manus enlarged subdorsally 
as well as at pollex base; pollex with a ventral 
carina; spoon-tipped setae always with a pointed 
basal process; eye on major side sometimes 
with a distal style, especially in young Uca 

(America; 
p. 125) 

Carapace largely covered with prominent 
tubercles; orbital floor with a large, spinous 
tubercle near inner corner; lower edge of 
eyebrow absent; spoon-tipped setae of 2nd 
maxilliped with a pointed basal process Afruca 

(Eastern Atlantic) * 

Carapace practically smooth; orbital floor 
without elevations; lower edge of eyebrow 
present; spoon-tipped hairs without a pointed 
basal process 6 

Gill on 3rd maxilliped in most individuals 
large with many books; a small depression 
outside pollex base with definite boundaries; 
no beaded ridge on carpal cavity's upper 
margin; predactyl ridges diverging Amphiuca 

(Indo-Pacific; 
p. 96) 

Gill on 3rd maxilliped small to vestigial, never 
with books; any depression outside pollex base 
without definite boundaries; beaded ridge 
usually present along carpal cavity's upper 
margin 7 

Front moderately narrow, its breadth 
between eyestalk bases only about twice 
diameter of erected eyestalk at its base; eye 
diameter distinctly greater than that of 
adjacent stalk; carapace convexity 
slight Boboruca 

(America; 
p. 109) 

* Recorded once from Brazil. A single species, tangeri. 
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Front broader, usually much broader, its 
breadth between eyestalk bases always more 
than twice basal breadth of erected eyestalk; 
eye diameter similar to that of adjacent stalk; 
carapace convexity moderate to semi-
cylindrical 

8(7). Antero-lateral margins long (excepting in 
pygmaea), curving into dorso-laterals; pollex 
never with a ventral carina; 1st ambulatory 
on major side never with special armature 
anteriorly; gonopod never ending in a 
projecting tube; thumb always large, 
subdistal Minuca 

(America; 
p. 154) 

Antero-lateral margins short, or, if long, angling 
sharply into dorso-laterals; pollex sometimes 
with ventral carina; 1st ambulatory on major 
side often with special armature anteriorly; 
gonopod often ending in a projecting tube; 
thumb usually arising far from gonopod's 
corneous tip and often vestigial Celuca 

(America; 2 spp. 
Indo-Pacific; 

p. 211) 

REGIONAL KEYS 

1. KEY TO THE SPECIES OF Uca IN 

EAST AFRICA AND THE RED SEA 
(Guide to Characters: p. 616) 

Note on distribution: All of the species except U. tetra
gonon occur in suitable habitats from Somaliland to 
Natal, including offshore islands; tetragonon has appar
ently not been reported in Africa south of Zanzibar. In 
addition, the ranges of tetragonon, vocans, inversa and 
lactea extend northward to various points on both coasts 
of the Red Sea. For Madagascar see Key 2. 

1. Front narrow: narrowest between eyestalk 
bases, its minimum breadth subequal to, 
rarely 1.5 times, basal breadth of erected 
eyestalk 2 

Front wider: narrowest below eyestalk bases, its 
breadth between them twice or more basal 
breadth of erected eyestalk 4 

2(1). 

3(2). 

4(1). 

A long, distinct furrow outside major 
dactyl; floor of orbit with a row of tubercles; 
suborbital crenellations small and indistinct; 
gonopod ending in a slender tube; female 
gonopore without a tubercle urvillei 

(p. 58) 

No long, distinct furrow outside major dactyl; 
no tubercles on floor of orbit; suborbital 
crenellations large & distinct; gonopod tip thick 
& blunt; female gonopore with or without a 
tubercle 3 

Major dactyl strikingly broad & flat; 
oblique ridge on palm high with large 
tubercles; small cheliped in both sexes with 
fingers much longer than manus. Female: no 

5(4). 

pile posteriorly on carapace sides; a large 
protuberance beside gonopore vocans 

(p. 85) 

Major dactyl of conventional shape; oblique 
ridge on palm low, the tubercles small & 
irregular; small cheliped in both sexes with 
fingers shorter than manus which is notably 
broad. Female: a patch of pile posteriorly on 
carapace sides; no protuberance beside 
gonopore tetragonon 

(p. 77) 

Major dactyl with a large distal tooth; 
major merus with a crest; gonopod with large 
flanges; in both sexes small cheliped 
unusually large & ambulatory meri without 
tuberculate striae. Female: gonopore neither 
depressed nor triangular, but with its postero-
outer margin slightly raised inversa 

(p. 105) 

No large distal tooth on major dactyl; no crest 
on major merus; small cheliped of usual 
proportions; ambulatory meri always with some 
tuberculate striae. Female gonopore either 
depressed or triangular 5 

A triangular depression outside base of 
major pollex; oblique tuberculate ridge on 
palm moderate to low, predactyl ridges 
diverging; gonopod ending in a tube; 
ambulatory meri broad in both sexes. 
Female: middle ambulatories with meri 
having tubercules, not tuberculate striae, on 
lower, posterior surfaces which are bent 
forward; gonopore triangular chlorophthalmus 

(p. 98) 
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No triangular depression outside base of major 
pollex; oblique tuberculate ridge on palm high; 
predactyl ridges parallel; gonopod ending in 
wide flanges; ambulatory meri narrow in both 
sexes. Female: tuberculation of middle 
ambulatory meri on vertical striae, the segments 
not bent; gonopore appearing deeply depressed, 
the marginal lip strongly tilted lactea 

(p. 292) 

2. KEY TO THE SPECIES OF Uca IN 

MADAGASCAR, PAKISTAN, INDIA, CEYLON, 

BURMA, AND WESTERN MALAYA 
(Guide to Characters: p. 616) 

1. Front narrow: narrowest between eyestalk 
bases, its minimum breadth subequal to, 
rarely 1.5 times, basal breadth of erected 
eyestalk 2 

Front wider: narrowest below eyestalk bases, 
its breadth between them twice or more basal 
breadth of erected eyestalk 7 

2(1). No long, distinct furrow outside major 
dactyl; suborbital crenellations large and 
distinct; no tubercles on floor of orbit; female 
chelae never with enlarged teeth in gape 

1 or 2 long distinct furrows outside major 
dactyl; suborbital crenellations small and 
indistinct; tubercles sometimes present on floor 
of orbit; female chelae usually with 1 or 2 
enlarged teeth on at least 1 side 

3(2). 

4(2). 

Major dactyl strikingly broad & flat; 
oblique ridge on palm high with large 
tubercles; small cheliped in both sexes with 
fingers much longer than manus. Female: no 
pile posteriorly on carapace sides; a large 
protuberance beside gonopore. Occurs 
throughout this key's area vocans 

(p. 85) 

Major dactyl of conventional shape; oblique 
ridge on palm low, the tubercles small & 
irregular; small cheliped in both sexes with 
fingers shorter than manus, which is notably 
broad. Female: a patch of pile posteriorly on 
carapace sides; no protuberance beside 
gonopore. Occurs throughout this key's 
area tetragonon 

(p. 77) 

No row of tubercles on floor of orbit; 2 
long furrows on major dactyl; gonopod with 
distinct flanges adjoining distal tube. Female: 

sometimes with antero-lateral margins 
practically absent but if so gonopore not 
triangular with highest point at postero-inner 
angle; 4th ambulatory merus sometimes 
edged posteriorly with pile 

One long furrow on major dactyl; gonopod 
without apparent flanges, the pore at end of a 
more or less projecting tube. Female: 
gonopore either triangular with highest point 
at postero-inner angle or a simple depression; 
4th ambulatory merus never edged with pile. 

5(4). Antero-lateral margins absent, strongly 
converging from angles; no isolated, subdistal 
tooth on major merus; several subdistal teeth 
on dactyl and pollex forming forceps-like 
tip; 4th ambulatory merus broad, its dorsal 
margin convex; gonopod tip without spinous 
projection. Female: no postero-ventral pile 
on 4th ambulatory merus. Bay of Bengal rosea 

(p. 29) 

Antero-lateral margins present, not strongly 
converging; an isolated, subdistal tooth on 
major merus, distinct from the small crest; 
merus of last ambulatory slender; gonopod tip 
with a short, spinous projection. Female: 4th 
ambulatory merus edged postero-ventrally with 
pile. Bay of Bengal; ? Madagascar dussumieri 

(p. 32) 

6(4). A row of tubercles on floor of orbit; 
distal tube of gonopod elongate; tip of chela 
without forceps-like, enlarged teeth; female 
gonopore a slight, simple depression. 
Madagascar; Pakistan; western 
India urvillei 

(p. 58) 

No row of tubercles on floor of orbit; distal 
tube of gonopod not elongate; tip of chela 
forceps-like; female gonopore partly rimmed, 
with highest point at postero-inner angle. 
Bay of Bengal forcipata 

(p. 48) 

7(1). Small chelipeds in both sexes with merus 
posteriorly flattened, armed with tubercles 
arranged in a supraventral row that curves 
up distally; orbits very oblique; gonopod 
tip tubular, greatly produced. 
Bay of Bengal triangularis 

(p. 286) 

Small chelipeds with merus not posteriorly 
flattened & not with a row of tubercles; orbits 
not strongly oblique; gonopod tip with or 
without flanges 8 
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8(7). 

9(8) . 

2 (1 ) . 

No oblique tuberculate ridge on palm; a 
crest on major merus; small chelae 
exceptionally large; postero-lateral striae 
absent; ambulatory meri without 
tuberculate striae. Madagascar; Karachi, 
Pakistan 

3(2). 

Oblique tuberculate ridge on palm present; no 
crest on major merus; small chelae of usual 
size; ambulatory meri always with some 
tuberculate striae 

. inversa 
(p. 105) 

A small depression with definite margins 
outside base of major pollex; oblique 
tuberculate ridge on palm moderate to low; 
predactyl ridges diverging. Gonopod ending 
in a tube. Ambulatory meri broad in both 
sexes. Female: middle ambulatories with 
meri having tubercles, not tuberculate 
striae, on lower, posterior surfaces which 
are bent forward. Indian Ocean; western 
Malaya chlorophthalmus 

(p. 98) 

No definite depression outside base of major 
pollex; oblique tuberculate ridge on palm high; 
predactyl ridges parallel. Gonopod ending in 
wide flanges. Ambulatory meri narrow in both 
sexes. Female: tuberculation of middle 
ambulatory meri on vertical striae, the segments 
not bent. Occurs throughout this key's area lactea 

(p. 292) 

3. KEY TO THE SPECIES OF Uca IN 

MALAYSIA, INDONESIA, THAILAND, THE 

PHILIPPINES, N E W GUINEA, AND THE 

OCEANIC ISLANDS OF THE PACIFIC 
(Guide to Characters: p. 616) 

Front narrow: narrowest between eyestalk 
bases, its minimum breadth subequal to, 
rarely 1.5 times, basal breadth of erected 
eyestalk 2 

Front wider: narrowest below eyestalk bases, 
its breadth between them twice or more basal 
breadth of erected eyestalk 10 

No long, distinct furrow outside major 
dactyl; suborbital crenellations large & 
distinct; no tubercles on floor of orbit; 
female chelae never with enlarged teeth in 
gape 3 

1 or 2 long furrows outside major dactyl 
(sometimes faint); suborbital crenellations 
small & indistinct; tubercles sometimes present 

4(2). 

5(4) . 

6(5) . 

on orbit's floor; female chelae usually with at 
least 1 enlarged tooth on at least 1 side 4 

Major dactyl strikingly broad & flat; 
oblique ridge on palm high with large 
tubercles; small cheliped in both sexes with 
fingers much longer than manus. Female: no 
pile posteriorly on carapace sides; a large 
protuberance beside gonopore. Range as in 
key title, east to Samoa vocans subspp. 

(p. 85; subspp. 
Table 3) 

Major dactyl of conventional shape; oblique 
ridge on palm low, the tubercles small & 
irregular; small cheliped in both sexes with 
fingers shorter than manus, which is notably 
broad. Female: a patch of pile posteriorly on 
carapace sides; no protuberance beside 
gonopore. Range as in key title, 
east to Tahiti tetragonon 

(P. 77) 

Males & females with a row of distinct 
tubercles on orbital floor (excluding 
scattered, minute granules or a mound, found 
in acuta, below); a long lateral furrow on 
major dactyl present, but sometimes faint 5 

Males never, females in rare individuals only, 
with a row of tubercles on orbital floor; major 
dactyl with 1 or 2 long, distinct lateral furrows 7 

Row of orbital tubercles very long (up to 
22; very rarely vestigial); lateral furrows on 
pollex & major dactyl often faint; no single, 
large tooth on either finger but a series of 
subdistal tubercles on each usually slightly 
enlarged; flanges present on gonopod, the 
anterior curving strongly & decreasing in 
height away from pore; female gonopore 
trapezoidal with a posterior tubercle and a 
low rim. Philippines & Indonesia demani 

(p. 39) 

Row of orbital tubercles shorter; 1 long, 
strong, lateral furrow at least on major dactyl; 
no flanges on gonopod; female gonopore with a 
postero-outer tubercle 6 

Major manus with outer tubercles very 
large, largest at pollex base; dactyl with a 
large, predistal, hook-like structure; pollex 
with tip slender & no triangular structure 
near its middle; gonopod tip only moderately 
produced; female cheliped with dactyl's 
dorsal margin nearly naked. Sumatra to Fiji 
Is.; New Guinea; Philippines coarctata subspp. 

(p. 52) 
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Major manus with outer tubercles small, 10(1). 
largest dorsally; pollex with a triangular 
projection beyond middle; no special structure 
on dactyl; tip of gonopod produced in a slender 
tube; female cheliped with dactyl's dorsal 
margin setose. Nicobar Is.; Indonesia; western 
New Guinea; Philippines bellator 

(p. 64) 

7(4). 2 long furrows on major dactyl; gonopod 
with distinct flanges 8 

1 long furrow on major dactyl; gonopod with 11(10) 
or without distinct flanges 9 

5(7). Antero-lateral margins absent, strongly 
converging from angles; no isolated, 
subdistal tooth on major merus; several 
subdistal teeth on major dactyl & pollex 
forming forceps-like tip; 4th ambulatory 
merus enlarged; gonopod tip always without 
spinous projection. Female: no postero-
ventral pile on 4th ambulatory merus. 
Western Malaya rosea 

(p. 29) 

Antero-lateral margins present, not strongly 
converging; an isolated, subdistal tooth on 
major merus distinct from the small crest; no 
forceps-like tip on chela; 4th ambulatory merus 
slender, its dorsal margin practically straight; 
gonopod tip with or without a short, spinous 
projection. Female: 4th ambulatory merus edged 
postero-ventrally with pile. Range as in key 
title, east to New Caledonia dussumieri subspp. 

(p. 32) 

(7). Outer major manus with large tubercles; 
several subdistal teeth on major dactyl & 
pollex forming a strong forceps-like tip; no 
mound or minute granules on orbital floor; 
gonopod flanges vestigial, represented by struts 
each narrower distally than diameter of 
pore; female gonopore partly rimmed, with 
highest point at postero-inner angle. 
Malaysia; Thailand; Indonesia; 
Philippines forcipata 

(p. 48) 

Outer major manus with large tubercles only 
near pollex base; forceps-like tip on chela weak; 
a distinct mound on orbital floor near inner 
corner, sometimes with a scattering of granules 
nearby; gonopod flanges large; female 
gonopore with an outer tubercle. Singapore; 
Sarawak acuta rhizophorae 

(P-27) 

2(1). 

Small chelipeds in both sexes with merus 
posteriorly flattened, armed with tubercles 
arranged in a supraventral row that curves 
up distally; orbits very oblique; gonopod 
tip tubular, greatly produced. Range as in key 
title, east to New Caledonia triangularis subspp. 

(p. 286) 
Small chelipeds with merus not posteriorly 

flattened and not with a row of tubercles; orbits 
not strongly oblique; gonopod tip with or 
without flanges 11 

A shallow, triangular depression 
outside pollex base; oblique, tuberculate 
ridge on palm moderate to low; 4th 
ambulatory merus broad, its dorsal margin 
convex; gonopod tip without flanges, tubular. 
Female: middle ambulatories with lower 
margins of meri bent forward. Range as in 
key title, east to Marquesas chlorophthalmus 

crassipes 
(P- 101) 

No triangular depression outside pollex base; 
oblique, tuberculate ridge on palm strong; 4th 
ambulatory merus slender, its dorsal margin 
practically straight; gonopod tip with large 
flanges. Female: middle ambulatories not with 
bent lower margins of meri. Range as in key 
title, east to Samoa lactea subspp. 

(p. 292; subspp. 
Table 6) 

4. KEY TO THE SPECIES OF Uca 

IN AUSTRALIA 
(Guide to Characters: p. 616) 

Front narrow: narrowest between eyestalk 
bases, its minimum breadth subequal to, 
rarely 1.5 times, basal breadth of erected 
eyestalk 2 

Front wider: narrowest below eyestalk bases, 
its breadth between them twice or more basal 
breadth of erected eyestalk. Tropical 
Australia lactea subspp. 

(p. 292; subspp. 
Table 6) 

, No long, distinct furrow outside major 
dactyl; suborbital crenellations large & 
distinct; no tubercles on floor of orbit; female 
chelae never with enlarged teeth in gape 3 

1 or 2 long furrows outside major dactyl 
(sometimes faint); suborbital crenellations 
small to absent; tubercles sometimes present 
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3(2). 

4(2). 

5(4) . 

on orbit's floor; female chelae usually with at 
least 1 enlarged tooth on at least 1 side 
(female unknown in demani australiae). 4 

Major dactyl strikingly broad & flat; 
oblique ridge on palm high with large 
tubercles; small cheliped in both sexes with 
fingers much longer than manus. Female: 
no pile posteriorly on carapace sides; a 
large protuberance beside gonopore. 
Tropical & subtropical Australia vocans subspp. 

(p. 85;subspp. 
Table 3) 

Major dactyl of conventional shape; oblique 
ridge on palm low, the tubercles small & 
irregular; small cheliped in both sexes with 
fingers shorter than manus, which is notably 
broad. Female: a patch of pile posteriorly on 
carapace sides; no protuberance beside 
gonopore. Tropical Australia: at least 
east coast tetragonon 

(p. 77) 

Major dactyl with a long lateral furrow 
plus a subdorsal furrow about half or more 
dactyl's length; 4th ambulatory merus in 
female sometimes edged posteriorly with 
pile; gonopod flanges present 5 

Major dactyl with only one long furrow, the 
subdorsal furrow being proximal, short, 
sometimes vestigial; 4th ambulatory merus in 
female never edged posteriorly with pile; 
gonopod flanges absent, the tip tubular 6 

with a large projection but always with a 
lateral groove; 4th ambulatory merus broad, 
the dorsal margin clearly convex; female 
cheliped with dactyl's dorsal margin nearly 
naked. Tropical Australia coarctata subspp. 

(p. 52) 

Major manus with outer tubercles small, largest 
near dorsal margin; dactyl never with a 
predistal hook-like structure; pollex always 
with a projection near middle, usually a large, 
tuberculate triangle, but sometimes a large 
tubercle; no pollex lateral groove; 4th 
ambulatory merus slender, the dorsal margin 
in middle almost straight; female cheliped 
with dactyl's dorsal margin conspicuously 
setose 7 

7 (6 ) . Small cheliped in both sexes with large, 
triangular teeth, the opposing distal pair much 
the largest; major pollex with a long, low, 
triangular projection; female's 4th 
ambulatory carpus & manus with posterior 
patches of pile. Tropical Australia seismella 

(P- 70) 

Small cheliped with teeth not strikingly large & 
triangular, the largest never distal; projection 
on pollex occupying less than half its length; 
no pile on carpus & manus of female's 4th 
ambulatory 

8(7). 

Poorly developed tubercles on orbital 
floor; major dactyl with subdorsal furrow 
about half dactyl's length; no single large 
tooth on dactyl or pollex, but a series of 
subdistal tubercles enlarged on each; 4th 
ambulatory merus moderately broad, its 
dorsal margin clearly convex; female 
unknown. Known from holotype only, 
Broome demani australiae 

(p. 41) 

No tubercles on orbital floor; major dactyl with 
subdorsal furrow long, traceable almost to tip; 
a tubercle usually slightly enlarged near poUex's 
middle, but no subdistal series on it or dactyl; 
4th ambulatory merus slender, its dorsal 
margin straight &, in female of d. dussumieri 
only, edged postero-ventrally with pile. 
Tropical Australia dussumieri subspp. 

(P- 32) 

6 ( 4 ) . Major manus with outer tubercles large, 
largest at pollex base; dactyl usually with a 
predistal hook-like structure; pollex never 

8 

Palm with oblique ridge high, the 
tubercles subregular; no depression outside 
pollex base; orbital floor with a row of 
tubercles (exception: bellator longidigita); 
gonopore rim raised or uneven; crab size 
small. Tropical & subtropical 
Australia bellator subspp. 

(p. 64; subspp. 
Table 2) 

Palm with oblique ridge low, the tubercles 
small & irregular; no tubercles on orbital floor; 
a faint depression outside pollex base; gonopore 
margin flat & smooth; crab size moderately 
large. Tropical Australia polita 

(p. 72) 

5. KEY TO THE SPECIES OF Uca IN 

HONG KONG, MAINLAND CHINA, 

NORTHWEST TAIWAN AND JAPAN 
(Guide to Characters: p. 616) 

Front narrow: narrowest between eyestalk 
bases, its minimum breadth subequal to, 
rarely 1.5 times, basal breadth of erected 
eyestalk 2 
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2(1) . 

3(2). 

*(2). 

(4). 

Front wider: narrowest below eyestalk bases, 
its breadth between them twice or more basal 
breadth of eyestalk 6 

No long, distinct furrow outside major 
dactyl; pollex & major dactyl both flat; 
suborbital crenellations large & distinct; 
female chelae never with enlarged teeth in 
gape 3 

1 or 2 long furrows outside major dactyl 
(sometimes faint); suborbital crenellations 
small & indistinct; female chelae usually with 
1 or 2 enlarged teeth on at least one side 4 

6(1) . 

Major merus with a cluster of small 
tubercles distally on antero-distal margin; 
in both sexes orbits scarcely or not at all 
oblique and meri of 1st, 2nd, & 3rd 
ambulatories strikingly broad; dorsal margin 
of 4th convex in female. 
Northwest Taiwan formosensis 

(p. 83) 

Major merus with a large, sharp tooth distally 
on antero-dorsal margin; in both sexes orbits 
distinctly oblique & meri of ambulatories 
slender with dorsal margin of 4th straight. 
Hong Kong, mainland China, & northwest 
Taiwan vocans borealis 

(p. 90) 

2 long furrows outside major dactyl; in 
both sexes merus of 4th ambulatory slender, 
its dorsal margin straight &, in female, edged 
postero-ventrally with pile; gonopod tip 
with a short, spinous projection. Hong Kong 
& mainland China dussumieri spinata 

(p. 36) 

1 long furrow outside major dactyl; in both 
sexes merus of 4th ambulatory broad, its dorsal 
margin convex; no short spinous or tuberculate 
projection on gonopod tip 5 

2 (1) . 

Orbits almost straight, with antero-lateral 
margins long; 4th ambulatory with ventral 
margin clearly convex, in female not edged 
postero-ventrally with pile; gonopod with 
posterior flange large, anterior rudimentary; 
crab size large. Range as in key title arcuata 

(p. 44) 

Orbits oblique, with antero-lateral margins 
very short; 4th ambulatory with ventral margin 
almost straight, especially its distal half, & in 
female edged postero-ventrally with pile (often 
detached); gonopod with posterior flange 

small, anterior large; crab size small. 
Hong Kong & mainland China acuta acuta 

(p. 25) 

A shallow, triangular depression outside 
pollex base; oblique, tuberculate ridge on 
palm moderate to low; 4th ambulatory 
merus broad, its dorsal margin convex; 
gonopod tip without flanges, tubular; 
female's middle ambulatories with lower 
margins of meri bent forward. 
Hong Kong chlorophthalmus 

crassipes 
(p. 101) 

No triangular depression outside pollex base; 
oblique, tuberculate ridge on palm strong; 
4th ambulatory merus slender, its dorsal 
margin straight; gonopod tip with large 
flanges; female's middle ambulatories not with 
bent lower margins of meri. Range as in 
key title lactea lactea 

(p. 300) 

6. KEY TO THE SPECIES OF Uca IN 

THE EASTERN PACIFIC 
(Guide to Characters: p. 616) 

Front narrow: narrowest between eyestalk 
bases, its minimum breadth subequal to basal 
breadth of erected eyestalk, its distal portion 
slightly wider, spatuliform; tubercles of 
lower, outer manus large 2 

Front wider: narrowest below eyestalk bases, 
its breadth between them twice or more basal 
breadth of erected eyestalk; tubercles of lower, 
outer manus moderate to minute 

Pollex covered with conspicuous pits & 
always clearly narrower than dactyl, which is 
broadest distal to middle; dorso-lateral 
margins of carapace & ventral margins of 
ambulatory meri with large separated 
tubercles or spines in female; at least traces 
of similar armature in male 

Pollex without pits (exception: stylifera with 
faint pits), subequal to or wider than dactyl 
which is broadest at or proximal to middle; 
no large separated tubercles on dorso-lateral 
margin (except sometimes a small one in 
female at posterior end) & none on ventral 
margins of ambulatory meri 

3 (2 ) . Major merus margined with large, 
separated tubercles antero-dorsally; male 
without large tubercles on dorso-lateral 
margins except for 1 at posterior end; 
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4 ( 2 ) . 

5(4 ) . 

6 (1 ) . 

7 (6 ) . 

gonopod tip stout. Female with vertical 
lateral carapace margins granulate or 
tuberculate. El Salvador—Peru 
(? Chile) maracoani 

insignis 
(p.147) 

Major merus with a row of small, close-set 
tubercles & a single large, distal tooth; male 
with dorso-lateral margins more or less spinous. 
Female with vertical lateral margins vestigial, 
unarmed. Central America to Peru ornata 

(p. 150) 

Major merus with a large convex flange 
antero-dorsally; tip of gonopod thick, blunt; 
merus of 4th ambulatory in female with pile 
on postero-dorsal margin; female gonopore 
with a large tubercle. Gulf of California 
to Peru princeps subspp. 

(p. 128) 

Major merus with a low, straight-edged ridge 
ending distally in an abruptly higher tooth or 
small crest; tip of gonopod slender, 
tapering; merus of 4th ambulatory in female 
without pile on postero-dorsal margin; female 
gonopore without a large tubercle, its shape 
either crescentic or angular 5 

8(7). 

Male ocular stylet always present, much 
longer than cornea; major pollex faintly 
pitted; female chela with marginal setae 
short. El Salvador to Peru 

9(6) . 

stylifera 
(p. 140) 

Male ocular stylet occasionally present, no 
longer than cornea; major pollex not pitted; 
female chela with marginal setae moderately 
long, stiff, close-set. El Salvador to 
Ecuador heteropleura 

(p. 133) 

Small chela: gape wide, in middle clearly 
wider than adjacent part of dactyl, usually 
much wider; opposing edges practically 
parallel at least in gape's proximal half & 
always with only the chela tips in contact; 
serrations absent or, rarely & maximally, 
few, minute & irregular, never in contact; 
carapace strongly arched 7 

10(9). 

Small chela: gape much narrower, ranging from 
about equal to width of adjacent part of dactyl 
to, in distal half, absent; serrations various; 
carapace arching various 

Eyebrow narrower than smaller dimension 
of adjacent part of depressed eyestalk; 
major pollex with a subdistal, tuberculate 

tooth or crest; proximal palm without a 
stridulating ridge; 3rd to 6th abdominal 
segments in male with traces only of fusion. 
Costa Rica & Panama deichmanni 

(p. 311) 

Eyebrow clearly wider than smaller dimension 
of eyestalk; major pollex distally tapering; 
proximal palm with or without a stridulating 
ridge; 3rd to 6th abdominal segments in male 
almost completely fused 8 

Major cheliped with fingers shorter than 
manus; no proximal stridulating ridge on 
palm, its oblique, tuberculate ridge 
obsolescent to absent; 1st major ambulatory 
without anterior tubercles; anterior margin 
of front distinct. Lower California 
{La Paz) to Ecuador latimanus 

(p. 319) 

Major cheliped with fingers long; oblique 
ridge & a proximal stridulating ridge on palm 
both present; 1st major ambulatory with 
anterior tubercles on merus & carpus; anterior 
margin of front obsolescent. Subtropical & 
tropical eastern Pacific musica subspp. 

(p. 314) 

Small chela ending distally in long, thick 
brushes of stiff setae; major outer manus 
with proximal end projecting beyond distal 
part of carpus; front broad, contained about 3 
times in carapace breadth; antero-lateral 
angles acute, produced anteriorly. El 
Salvador to Peru panamensis 

(p. 158) 

Small chela not ending in thick brushes; no 
proximal projection on major manus; front 
when broad not with antero-lateral angles 
projecting strongly forward 10 

Small chela with gape moderate, about 
equal to width of adjacent part of dactyl or 
slightly less, the serrations weak, not in 
contact; front never very wide, being 
contained clearly more than 3 times in 
carapace breadth; oblique tuberculate ridge 
on palm always strong; pollex normally 
slender & tapering, little or not at all deeper 
proximally than adjacent part of dactyl, 
never conspicuously triangular 11 

Small chela with gape narrow, diminishing 
distally, the serrations usually strong and, in 
distal half, often in contact or nearly so; front, 
oblique tuberculate ridge on palm & shape of 
pollex various 14 



KEY TO EASTERN PACIFIC SPECIES 627 

Antero-lateral margins divergent, 
long & strong; major manus with dorsal 
margin strong, set off from upper, outer 
manus by a distinct, adjacent groove; 
gonopod with a long thumb; female 
sometimes with pile on posterior sides of 
carapace. Southern California & 
subtropical Mexico crenulata subspp. 

(p. 232) 16(14). 

Antero-lateral margins not divergent but short 
and usually poorly marked; major manus with 
dorsal margin indistinct, the adjacent groove 
absent or rudimentary; gonopod thumb 
various; female never with pile on posterior 
sides of carapace 12 

Orbits strongly oblique; major manus 
& triangle on proximal palm with minute 
tubercles in a reticulate pattern; gonopod 
thumb represented by a shelf. Galapagos helleri 

(p. 271) 

Orbits straight to scarcely oblique; tubercles 
on major manus & proximal palm not in a 17(16). 
reticulate pattern 13 

1st major ambulatory with anterior 
tubercles on merus, carpus, & manus; 
suborbital crenellations abruptly larger in 
both sexes near antero-lateral angle; 
gonopod thumb represented by a shelf dorotheae 

(p. 275) 

No anterior tubercles on 1st major 
ambulatory; suborbital crenellations not 
abruptly larger near antero-lateral angle; 
gonopod thumb long. El Salvador to 
Panama limicola 

(p. 308) 
18(17) Orbits extremely oblique; antero-lateral v ' 

margins practically absent, with the dorso
laterals strongly convergent almost directly 
from antero-lateral angles; palm's oblique 
ridge absent 15 

Orbits little oblique (exception; moderately 
so in zacae); antero-lateral margins distinct, 
whether short or long; dorso-laterals variously 
convergent; palm's oblique ridge present or 
absent 16 

Major cheliped with fingers clearly 
shorter than manus, which is not unusually 
tumid; center of palm smooth; 4th ambulatory 19(18) 
merus broad, its dorsal margin convex; 
1st ambulatory on both sides with anterior 
tubercles on carpus. Costa Rica to 
Colombia argillicola 

(p. 220) 

Major cheliped with dactyl subequal to manus 
which is strikingly tumid; center of palm 
coarsely tuberculate; merus of 4th ambulatory 
slender, its dorsal margin practically straight; 
1st ambulatory without anterior tubercles. 
(Female unknown.) Costa Rica to 
Colombia pygmaea 

(p. 161) 

Suborbital crenellations in both sexes 
absent to minute, with no gradual increase 
in size toward outer angle; close to outer 
angle 1 or more large crenellations present 
or absent; crab size small to very small; 
poUex much deeper proximally than major 
dactyl's base & therefore appearing triangular 
(exception: batuenta); gonopod thumb a 
shelf 

Suborbital crenellations well developed at least 
in outer half where they increase gradually 
in size toward outer angle; crab size, pollex 
shape, & gonopod thumb various 

17 

20 

Major cheliped with pollex proximally 
subequal to adjacent part of dactyl; a large, 
triangular projection in pollex' distal third; 
branchial region without pile; suborbital 
margin in male without a large isolated tooth 
near outer angle; female ambulatories with 
pile at least on 2nd carpus dorso-posteriorly. 
El Salvador to Peru batuenta 

(p. 244) 

Major cheliped with pollex strikingly triangular, 
its proximal part being clearly wider than that 
of dactyl; pollex projection small or absent; 
rest of preceding characters various 18 

Carapace dorsally with at least 8 small 
patches of pile in both sexes (when abraded 
locations discernible through surface mounds 
or irregularities); 1st major ambulatory with 
anterior tubercles on merus & carpus; 
tubercles on palm's oblique ridge distally in a 
distinct row. El Salvador to Peru inaequalis 

(p. 254) 

No patches of pile on carapace; no anterior 
tubercles on 1st major ambulatory; tubercles on 
palm's oblique ridge distally obsolescent to 
entirely absent 19 

Major dactyl with 2 large, triangular 
projections; ambulatories of usual 
proportions, with dorsal margins of 2nd & 
3rd meri slightly convex. El Salvador to 
Colombia saltitanta 

(P- 247) 
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20(16). 

Major dactyl without projections; ambulatories 
in both sexes notably long & slender, with 
dorsal margins of meri straight. 
Costa Rica & Peru tenuipedis 

(p. 258) 

Front moderately narrow, contained 4 
or more times in carapace breadth; 
gonopod flanges & thumb present or absent; 
thumb usually represented only by a shelf 
& always arising far down shaft; 1st major 
ambulatory with anterior tubercles present 
or absent 

21. 

22. 

23. 

21 

Front wide, contained less than 3.5 times, 
usually less than 3, in carapace breadth; 
gonopod flanges and thumb always present, 
the thumb never represented by a shelf; 
1st major ambulatory never with anterior 
tubercles 29 

Ambulatory meri very broad in both sexes, 
the middle ones with dorsal margins strongly 
convex; pile widespread dorsally on carapace, 
especially in females & young (caveat: 
sometimes largely abraded, persisting only in 
grooves), not confined to localized small 
patches; gonopod thumb present 

25. 

22 

Ambulatory meri slender to moderate, the 
middle ones with dorsal margins at most 
slightly convex; pile when present confined 
to small patches in & near H-form depression, 
or to antero-dorsal region, or to postero-lateral 
region; gonopod thumb present or a shelf 23 

Crab size large; major carpus on inner side 
with a large tooth; palm's dorsal margin 
without a beaded edge or, if detectable, 
rudimentary & not curving downward; pile 
on ambulatories profuse, much of it 
persistent, especially in females & young; 
gonopod flanges present. El Salvador to 
Panama thayeri umbratila 

(p. 113) 

Crab size small; no large tooth on inner side 
of carpus but several minute tubercles present 
or absent; palm's dorsal margin with a strong 
beaded edge slanting downward along dorso-
distal edge of carpal cavity; pile on ambulatories 
absent or practically so; gonopod flanges absent. 
El Salvador to Peru tomentosa 

(p. 261) 

Antero-lateral margins long & slightly to 
strongly diverging; no tubercles anteriorly 
on 1st ambulatory; no pilous depression 
outside pollex base; gonopod thumb present 
or a shelf 24 

Antero-lateral margins short & straight, 
concave, or converging; ambulatory tubercles 
& pollex base depression present or absent; 
gonopod thumb a shelf (exception: a nubbin 
in some specimens of stenodactylus) 25 

24. Carapace dorsally with 2 to 6 patches of 
pile, conspicuous on branchial region; female 
without pile postero-laterally & on posterior 
sides; major chela short with pollex 
triangular, the pollex clearly broader 
proximally than dactyl base; no enlarged 
tubercles at gape base on outer manus; 
gonopod thumb a shelf. El Salvador to 
Panama oerstedi 

(p. 251) 

Carapace dorsally without pile in male; female 
with persistent pile postero-dorsally & posteriorly 
on sides; major cheliped with fingers strikingly 
long, ± 3 to 7 times manus length; a few 
enlarged tubercles on major manus outside gape 
base; gonopod thumb present, short. El 
Salvador to Ecuador festae 

(p. 267) 

26. 

27. 

Carapace dorsally in male usually with 6 
curved patches of pile near middle, female 
with 2; pollex with a pilous depression 
outside base; 1st major ambulatory with 
anterior tubercles on carpus. 
Ecuador & Peru tallanica 

(p. 264) 

Carapace dorsally without pile or, at most, with 
traces in grooves; no pilous depression outside 
pollex base; anterior tubercles on 1st major 
ambulatory present or absent 26 

Palm with 2 predactyl ridges; small chela 
with serrations minute & similar; no 
longitudinal convexity on outer major manils. . 

Palm with only 1 predactyl ridge; small chela 
with serrations large & unequal (rarely worn or 
damaged in large specimens); a longitudinal 
convexity, broad & blunt, on outer 
major manus 

27 

28 

Gonopod with a protuberance on pore 
margin; 1st major ambulatory with anterior 
tubercles on merus distally, carpus & manus; 
female carapace without pile on sides 
posteriorly. Panama to Peru dorotheae 

(p. 275) 

Gonopod without a protuberance on pore 
margin (characteristics of 1st ambulatory 
unknown; female undescribed). 
El Salvador leptochela 

(p. 274) 
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28. Tips of small chela obliquely truncate, 
meeting perfectly; 1st major ambulatory 
with tubercles anteriorly on carpus & manus; 
margins of middle ambulatory meri slightly 
convex in male; gonopod thumb an oblique 
shelf; female without pile on posterior sides 
of carapace. Nicaragua to Peru beebei 

(p. 278) 

Tips of small chela slender, pointed, not meeting 
perfectly; 1st major ambulatory with tubercles 
anteriorly on carpus only if at all; margins of 
middle ambulatory meri straight in male; 
gonopod thumb a transverse shelf or a nubbin; 
female with pile on posterior sides of carapace. 
El Salvador to Peru (? Chile) stenodactylus 

(p. 282) 

even in female. Lower California to 
Panama 

>9(20). 

0(29). 

Orbits oblique; antero-lateral margins 
short; dorso-laterals long & strongly 
converging; palm's oblique tuberculate ridge 
usually wholly absent, sometimes traceable 
through a few granules; female gonopore 
crescentic, its rim thickened externally but 
not unevenly raised, & without a tubercle. 
El Salvador & Costa Rica zacae 

(p. 206) 

Orbits little oblique to practically straight; 
antero-lateral margins long and convex; 
dorso-laterals short, little converging; palm's 
oblique tuberculate ridge vestigial (sometimes 
absent) to strong; female gonopore not 
crescentic 30 

Palm with oblique, tuberculate ridge 
vestigial, with apex low, to absent; pile in 
marbled pattern present over most of 
carapace dorsally (but often largely absent 
through abrasion); gonopod tip thickened 
by the large, truncate inner process; female 
gonopore with rim on three sides strong & 
unevenly raised. Mexico to Peru vocator 

ecuadoriensis 
(p. 166) 

Palm with oblique tuberculate ridge strong, the 
apex high; no pile dorsally on carapace; gonopod 
tip not appearing thick, the inner process being 
thin & tapering; female gonopore without a 
raised rim, but a marginal tubercle present 
or absent 31 

(30). Palm without a down-curving beaded 
edge from dorsal margin; proximal ridge at 
dactyl base diverging from adjacent groove; 
pollex gape with a row of enlarged, separated 
teeth in distal half but no subdistal tuberculate 
crest; ambulatory meri strikingly slender, 

brevifrons 
(p. 180) 

Palm with a strong down-curving beaded edge 
from dorsal margin; proximal ridge at dactyl 
base paralleling adjacent groove; no row of 
enlarged teeth on distal half of pollex gape 
but a subdistal tuberculate crest present on 
gape's outer edge. El Salvador to 
Peru (? Chile) galapagensis subspp. 

(p. 183) 

7. KEY TO THE SPECIES OF Uca IN 

THE WESTERN ATLANTIC 
(Guide to Characters: p. 616) 

Front narrow: narrowest between eyestalk 
bases, its minimum breadth subequal to basal 
breadth of erected eyestalk, its distal portion 
slightly wider, spatuliform. Tubercles of 
lower, outer manus large 2 

Front wider: narrowest below eyestalk bases, its 
breadth between them twice or more basal 
breadth of erected eyestalk. Tubercles of 
lower, outer manus minute 

2(1). Major chela with fingers broad & flat, 
gape absent except proximally, dactyl widest 
in middle, pollex rough with pits; gonopod 
tip thick, its inner process tumid. Female 
without pile on 4th ambulatory carpus; chela 
with dactyl tip obliquely truncate. 
Tropical Atlantic m. maracoani 

(p. 147) 

Major chela with fingers tapering, in contact 
only distally, the gape normal; gonopod tip 
slender, tapering. Female with pile dorsally 
on 4th carpus; chela with dactyl tip pointed, 
its outer edge oblique but continuously convex, 
not truncate. Tropical Atlantic major 

(p. 136) 

3(1). Small chela: gape wide, in middle at least 
half width of adjacent part of dactyl, usually 
clearly more; opposing edges practically 
parallel in at least gape's proximal half & 
only the chela tips in contact; serrations 
absent or at most few, minute & irregular. 
Male abdomen with some segments partly 
fused. In both sexes 4th ambulatory merus 
slender, its dorsal margin straight 4 

Small chela: gape narrow, in middle clearly 
less than half width of adjacent part of dactyl, 
diminishing distally; opposing edges often 
almost in contact except near gape's base 
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6(5 ) . 

7 (6 ) . 

(exception: uncommon individuals of pugilator 
in Florida); serrations distinct & regular 
throughout middle section. Male abdomen with 
all segments distinct. 4th ambulatory 
merus various 5 8(5) . 

4 ( 3 ) . Major manus distal to carpal cavity 
without a strong, dorsal, tuberculate ridge 
and without an adjacent, pilous groove; 
1st ambulatory in male without an anterior 
ridge on manus; female gonopore crescentic, 
the "horns" directed outward. Tropical 
Atlantic south to southern Brazil leptodactyla 

(p. 304) 

Major manus with a dorsal, tuberculate ridge 
and adjacent pilous groove running almost full 
length of subdorsal margin; 1st ambulatory in 
male with an anterior, supraventral ridge on 
manus on both sides; female gonopore not 
crescentic. South Atlantic (Rio de Janeiro 
to Buenos Aires) uruguayensis 

(p. 229) 

5 (3 ) . No pile on ambulatories in either sex 6 
Ambulatory pile always present at least on 2nd 
& 3rd carpus & manus. (Exception: female 
vocator; see 10 below.) 8 

9(8) . 

Oblique tuberculate ridge on palm 
present; no lateral ridge on outer pollex; 
1st major ambulatory with a row of anterior 
tubercles on carpus; gonopod tip tubular; 
flanges absent; 3rd & 4th ambulatory 
meri in female with margins convex; 
gonopore with marginal tubercle. 
Tropical Atlantic cumulanta 

(p. 240) 

No oblique tuberculate ridge on palm; outer 
pollex with a lateral ridge; no row of anterior 
tubercles on carpus of 1st major ambulatory; 
gonopod tip not tubular; 3rd & 4th ambulatory 
meri in female with margins straight; gonopore 
without a marginal tubercle. 7 

10(9). 

Carapace practically semi-cylindrical; 
gonopod tip thick, contorted, with inner 
process distally broad and appearing fringed; 
female gonopore large, oval, rim raised 
except antero-internally. Southern United 
States (Texas) & northeast 
Mexico su bcylindrica 

(p. 209) 

Carapace only moderately arched; gonopod tip 
not thick & contorted but relatively flat & 
narrow with 2 flanges & a tapering inner 
process; female gonopore not unusually large, 

without a raised rim. Eastern & southern 
United States; Bahamas pugilator 

(p. 223) 

Front narrow, contained at least 4.5 
times in carapace breadth; palm with dorsal 
beaded edge above carpal cavity not curving 
down around cavity's distal margin. 
Subtropical & tropical Atlantic t. thayeri 

(p. 114) 

Front wider, contained at most 3.5 times in 
carapace breadth, usually less; downward 
degree of curving of palm's dorsal beaded 
edge various 9 

Antero-lateral margins practically 
straight, posteriorly always sharply angled; 
palm's dorsal beaded edge slanting only 
slightly downward, usually with little or no 
curvature; crab size small. United States: 
south Florida & Gulf of Mexico; 
Mexico; Cuba speciosa subspp. 

(p. 236) 

Antero-lateral margins convex, curving 
gradually into postero-dorsal margins; palm's 
dorsal beaded edge strong, curving distinctly 
downward along carpal cavity's upper 
distal edge 10 

11(10). 

Palm with oblique, tuberculate ridge 
vestigial to absent; pile in a marbled pattern 
present over most of carapace (but often 
largely absent through abrasion); 2nd & 3rd 
ambulatories without pile in females, 
present in males including on lower manus; 
gonopod tip thick, its inner process broad 
& truncate; female gonopore with edge 
unevenly raised, with 3 unequal tubercles. 
Tropical north Atlantic v. vocator 

(p. 166) 

Palm with oblique, tuberculate ridge always 
distinct (exception: atypical mordax, usually 
large), although the tubercles are often in 
irregular rows or bands; pile on carapace 
absent or scanty, confined to H-form 
depression, &, rarely, other grooves or antero
lateral region, never in a widely distributed 
marbled pattern; 2nd & 3rd ambulatories 
always with pile on carpus & manus in both 
sexes at least dorsally; gonopod with inner 
process narrow, tapering; female gonopore with 
edge raised or not & with or without a 
single tubercle 11 

2nd & 3rd ambulatories with pile on ventral 
as well as dorsal sides of carpus & manus 12 



KEY TO WESTERN ATLANTIC SPECIES 631 

Pile completely absent on lower sides of 
ambulatories 13 

12(11). 

3(11) . 

(13) . 

Major chela with proximal ridge at 
dactyl base paralleling adjacent furrow; 
eyebrow strongly inclined, almost vertical; 
pile on ventral sides of ambulatory carpus & 
manus scanty, fragile, confined to antero-
ventral margins. United States: northwest 
Florida to Texas rapax longsignalis 

(p. 197) 

Major chela with proximal ridge at dactyl base 
clearly diverging upward from adjacent furrow; 
eyebrow moderately inclined; pile on ventral 
sides of ambulatory carpus & manus in both 
sexes thick, covering entire surface, persistent. 
Tropical mainland Atlantic {Guatemala 
to the Amazon) mordax 15(14). 

(p. 173) 

Proximal ridge at dactyl's base clearly 
diverging upward from adjacent groove, 
often either with an angle ventrally or with a 
curve throughout; center of palm always 
rough with tubercles of moderate size, not 
fine granules; pollex tip never with an outer 
subdistal crest but always with an enlarged, 
subdistal tubercle in gape's median row; 
meri of 2nd through 4th ambulatories 
slender, the dorsal & ventral margins of 4th 
straight in male, practically so in female; 
female gonopore without a tubercle but with 
the posterior part of edge clearly raised. 

Subtropical & tropical Atlantic burgersi 
(p. 168) 

Proximal ridge at dactyl's base straight, closely 
paralleling adjacent furrow, or (minax only) 
in upper portion minutely diverging from it; 
center of palm various; pollex tip always with 
an outer, subdistal crest at least indicated & 
never with an enlarged, subdistal tubercle in 
gape's median row; meri of ambulatories 
various; female gonopore various 

16(15). 

14 

Center of palm almost always finely 
granulate, usually appearing almost smooth, 
although exceptions occur; subdistal crest 
on outer pollex almost always strongly 
developed, the highest tubercle usually 
proximal with several others diminishing 
regularly toward tip; ambulatory meri broad, 
the dorsal margins of 3rd & 4th clearly 
convex at least on one side in both sexes; 
apex of oblique tuberculate ridge on palm 
high, the tubercles almost always continued 
little or not at all upward around carpal 
cavity; eyebrow only moderately inclined 

& usually narrower than smaller dimension 
of thickness of adjacent, depressed eyestalk; 
female gonopore with a tubercle. 
Subtropical & tropical Atlantic r. rapax 

(p. 196) 

Center of palm almost always with large 
tubercles that are sometimes5 flat; apex of 
oblique ridge low, often lower than its median 
section, the ridge continued or not upward 
around carpal cavity; crest on outer pollex tip 
highly variable within each species in strength 
& form; ambulatory meri slender in males, the 
dorsal margins of 4th scarcely or not at all 
convex, broader in females; eyebrow various; 
female gonopore with or without a 
small tubercle 15 

Front extremely broad, clearly more 
than one-third carapace breadth in both 
sexes; eyebrow wider than smaller dimension 
of adjacent, depressed eyestalk; oblique ridge 
inside palm not continued upward around 
carpal cavity; female carapace dorsally with 
antero-lateral patches of conspicuous 
tubercles; crab size large. Eastern & 
southern United States minax 

(p. 176) 

Front narrower, less than one-third carapace 
breadth in males, about one-third in females; 
eyebrow various; oblique ridge inside palm 
continued to variable extents upward around 
carpal cavity; female carapace dorsally without 
antero-lateral patches of tubercles or, at most, 
with a few small tubercles, highly variable; 
crab size small to moderate 16 

Eyebrow almost always strongly 
inclined, almost vertical, its breadth in males 
narrower than smaller dimension of adjacent, 
depressed eyestalk, in females subequal to it; 
front always with distal.margin's inner 
edge normally rounded; female gonopore 
with posterior edge slightly raised and 
sometimes with a minute tubercle. 
Eastern United States p. pugnax 

(p. 203) 

Eyebrow weakly inclined, its breadth in males 
subequal to smaller dimension of adjacent, 
depressed eyestalk, in females broader; front 
with margin's inner edge often, but not always, 
appearing almost truncate in antero-dorsal view; 
female gonopore with edge entirely flat and 
without a tubercle. Southern United States 
(Mississippi to Texas) & northern 
Mexico pugnax virens 

(p. 203) 
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638 TABLE 4 
Comparison of Closely Related Forms in the Subgenus UCA 

m. maracoam 

A tlantic 

m. insigms 

Pacific 

ornata 

Pacific 

Major merus with a row of long, separated tubercles 

Major merus with small close-set tubercles and a large, distal tooth 

Male: Postero-dorsal tubercles large only at margin's 

beginning & end 

Male: Postero-dorsal tubercles large and separate* 

Female: Postero-dorsal tubercles similar to those in male maracoani 

Female: Postero-dorsal tubercles similar to those in male ornata 

Female: Vertical lateral margins and their armature 

strong, not vestigial 

Female: Strong tubercles across posterior carapace margin 

Gonopod: not distally slender; inner process tumid 

Gonopore: with tubercle large, depression deep 

"One individual exception: see text. 

TABLE 5 
Geographic Distribution of Color Components in 

UCA LACTEA 
(Displaying males only) 

KEY: Place names in italics: Component usual. 
Place names in roman: Component occasional. 
•Component present only in uncommon individuals suspected of being either /. 
and /. perplexa. 
**Component present only in uncommon individuals suspected of being either /. 
and /. annulipes. 

annulipes, or hybrids between that subspecies 

perplexa, or hybrids between that subspecies 

Color Components 

Entire crab 
Polished white fully attained 

Pale gray; pale buff; dull white 

Carapace: dorsal aspect 
Fine marbling: black and 
white; black and bluish; or 
brown and buff on white 

Transverse markings in bands 
or spots: black or blue on 
blue or white 

Major cheliped (often 
confined to outer manus) 

Polished white 

Yellow present (buff to 
orange yellow) 

Red present (pink to red) 

Anterior aspect: buccal & 
adjacent areas; minor 
chelipeds; ambulatories 

Yellow present 

Red present (often on 
ambulatory meri only) 

/. lactea 

Taiwan 

Hong Kong 

Hong Kong 

Taiwan 

Hong Kong 
Taiwan 

/. perplexa 

Philippines 

Philippines 
New Guinea 
Fiji 

Philippines 
New Guinea 
New Caledonia 
Fiji 
Java 

Philippines** 
New Guinea (rare) 

(posterior band 
only) 

Java 

Philippines 
New Guinea 
New Caledonia 
Fiji 
Java 

Philippines** 

Philippines 
New Guinea 
Fiji 

Philippines 
New Guinea 
New Caledonia 

I. annulipes 

Singapore* 
Pakistan 

Singapore 
East Africa 

(Massawa only) 

East Africa 

Sarawak 
Singapore 
Cevlon 
S. W. India 
E. Africa (rare) 

(posterior 
bands only) 

Sarawak 

Singapore* 

Sarawak 
Singapore 
Ceylon 
S. W. India 
E. Africa 

Singapore 
Ceylon 
East Africa 

I. mjobergi 

N. W. Australia 

N. W. Australia 

— 
N. W. Australia 

N. W. A ustralia 



TABLE 6 639 
UCA LA CTEA: Principal Characteristics of the Subspecies* 

Characteristic mjobergi annulipes perplexa lactea 

Gonopod: 

Gonopore: 

Major pollex: 

Major dactyl: 

Color: 

Waving display: 

Structures: 

General Range 

Torsion 
Which flange longer & broader? 
Pore in deep notch? 
Thumb reaching beyond flange 

base? 

Tilting of marginal lip 
Edge colored corneous brown? 

Outer row of tubercles 

Supramarginal keel & groove 

Predistal triangular tooth 

Dorsal convexity 
Central portion wider than 

adjacent part of gape (ex
cluding smallest adults)? 

Display white 
Outer manus: usual display 

color 

Diminishing waves 

Hoods observed? 

Northwest 
A ustralia 

Slight 
Anterior 
No 

No 

Slight 
Yes 

Absent 

Absent 

Small or, usually, 
absent 

Throughout 

Yes, except in rare 
leptochelous 
individuals 

Absent 

Yellow 

Present 

No 

W. Africa to Singapore 
(occasionally to 

central Philippines) 

Absent 
Anterior 
Yes 

No 

Great 
No 

Prevalent only in S.W. 
& Central Africa 

Usually present & strong 
in S. W. & Central 
Africa; elsewhere very 
variable 

Small to moderate (excl. 
zones of mingling with 
perplexa; there some
times large) 

Throughout 

No 

Usually absent 

Pink or red 

Absent 

In Karachi, Pakistan 

Tropical W. Pacific 
(rarely to E. India) 

Strong 
Posterior 
No 

Yes 

Slight 
Yes 

Rarely present, weak 

Absent in east; some
times present in west 

Moderate to large (excl. 
zones of mingling with 
annulipes; there some
times small) 

Distally only 

Yes 

Present or absent 

Yellow to chrome 

Absent 

In Madang, New Guinea 
(rare & rudimentary) 

Hong Kong 
to Japan 

Slight 
Posterior 
Yes 

Yes 

Moderate 
Yes 

Absent 

Usually present 

Small or absent 

Throughout 

No 

Strongly present 

White 

Absent 

In N.W. Taiwan 

*In order to facilitate comparison between annulipes and perplexa, which sometimes intermingle and apparently hybridize, the systematic order fol
lowed in the text is altered in this table. See discussion, p. 294. 

TABLE 7 
Probable Limits of Present Distribution in UCA 

'No. of 
Approx. N. Lat. Approx. S. Lat. Species 

Indo-Pacific Region 
Red Sea: Sinai Peninsula 
Southeast Africa: Umtata River 
West Australia: Monte Bello Is. 
East Australia: Sydney 
Japan: Fukuoka* 
Mid-Pacific: Marquesas Is. 
(Absent from Hawaii) 

American Region 
Northeast Pacific: southern California 
Southeast Pacific: at least to Zorritos, Peru; 

early records to Conception and 
Valparaiso, Chile** 

Northwest Atlantic: Cape Cod at 
Provincetownt 

Southwest Atlantic: Buenos Aires, Argentina 
Galapagos Is. 

Eastern A tlantic Region 
Northeast Atlantic: South Portugal 37° - 1 
Southeast Atlantic: 3aia dos Tigres, Angola - 16° 1 
(Absent from Mediterranean Sea) 

•Formerly north to east coast of Honshu (35° N). 
**Unconfirmed old records of three species near Valparaiso, Chile (33° S); records between 1950 and 1960 as 

far as Puerto Casma, Peru (10° S); distribution reviewed by von Hagen, 1968.2: 457ff.; see present study, p. 438). 
fFormerly slightly north to Boston Harbor. 

28° 

34° 

-
32° 
21° 
34° 
-

10° (long. 140° W) 

2 
2 
2 
1 
2 
2 

34° 

42° 

0° 
35° 
0° 
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TABLE 10 
Biotopes of UCA 

(See Figs. 21-23) 

NOTE: Species and subspecies are omitted if their habitats are unknown or known only in general terms. 

Subgenus 

Deltuca 

Australuca 

Thalassuca 

Amphiuca 

Boboruca 

Afruca 

Uca 

Minuca 

Species and Subspecies 

acuta subspp. 

rosea 

dussumieri subspp. 

demani demani 

arcuata 

forcipata 

coarctata subspp. 

urvillei 

bellator subspp. 

seismella 

polita 

tetragonon 

vocans subspp. 

chlorophthalmus crassipes 

chlorophthalmus chlorophthalmus 

inversa subspp. 

thayeri subspp. 

tangeri 

princeps princeps 

heteropleura 

major 

stylifera 

maracoani 

ornata 

panamenis 

pygmaea 

vocator subspp. 

burgersi 

mordax 

minax 

brevifrons 

galapagensis subspp. 

rapax 

pugnax 

zacae 
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TABLE 10 (Continued) 

Subgenus 

Celuca 

Species and Subspecies 

argillicola 

pugilator 

uruguayensis 

crenulata crenulata 

speciosa speciosa 

cumulanta 

batuenta 

saltitanta 

oerstedi 

inaequalis 

tenuipedis 

tomentosa Rafter von Hagen) 

tallanica 

festae 

dorotheae 

beebei 

stenodactylus 

triangularis subspp. 

lactea subspp. 

leptodactyla 

limicola 

deichmanni 

musica terpsichores 

latimanus 
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TABLE 11 
Variation of morphological characters in populations 

of UCA RAP AX: Mature males 

NOTE: Individuals are counted as mature when, on the major cheiiped, the dactyl is longer than the manus (that is, excluding pollex). 

Country 

U.S.A. 
Puerto Rico 
Puerto Rico 
Virgin Is. 
Guatemala 
Venezuela 
Venezuela 
Trinidad, W.I. 
Guyana 
Brazil 
Brazil 
Brazil 
Brazil 
Brazil 

Town 

Miami 
San Juan 
Ponce 
St. Thomas 
Puerto Barrios 
Maracaibo 
Puerto Cabello 
Port-of-Spain 
Georgetown 
Sao Luiz 
Fortaleza 
Recife 
Bahia 
Rio de Janeiro 

No. in 
Sample 

28 
65 
60 
51 
23 

103 
7 

71 
21 
35 
4 
7 
4 

71 

Length 
Range 
(mm.) 

10-15 
10-15 
10-15 
10-13 
10-14 
10-18 
10-13 
10-17 
10-16 
10-15 
16-17 
10-14 
11-13 
10-17 

Length/Breadth {%) 

Range 

59-71 
55-69 
59-73 
61-69 
60-68 
55-74 
62-68 
59-71 
58-68 
59-67 
64-65 
61-72 
61-65 
58-70 

Mean 

65.2 
65.0 
65.3 
64.7 
63.6 
64.6 
64.2 
65.7 
63.4 
62.7 
64.3 
66.1 
62.5 
64.5 

Front/ Length (%) 

Range 

40.0-50.0 
36.0-49.0 
40.9-47.0 
37.3-45.0 
42.2-50.0 
35.0-48.0 
39.2-41.9 

-
38.6-46.4 
37.6-43.0 
38.2-40.0 
38.4-44.8 
41.6-41.8 
35.0-45.0 

Mean 

44.5 
42.7 
43.5 
40.0 
45.1 
40.4 
40.6 

-
42.1 
40.6 
39.3 
41.7 
41.7 
39.6 

Brow/Length {%) 

Range 

5.1-7.2 
4.4-6.6 
4.7-6.9 
4.7-6.2 
4.9-6.8 
4.0-6.6 
5.2-5.9 

-
4.8-6.6 
5.3-7.5 
5.9-7.5 
5.4-6.4 
5.5-6.8 
5.1-8.4 

Mean 

5.8 
5.4 
5.6 
5.4 
5.8 
5.6 
5.8 

-
5.5 
6.3 
6.8 
6.0 
5.9 
6.1 



644 

TABLE 12 

Distribution of Acoustic 
Components in UCA 

KEY: H—Component present, 
x—Component probable. 
? —Presence of compo

nent questionable 
(observation or film 
record dubious) 

Subgenus 

Deltuca 

Australuca 

Thalassuca 

Amphiuca 

Boboruca 

Afruca 

Uca 

Minuca 

Celuca 

Species 

acuta 

rosea 

dussumieri 

demani 

arcuata 

coarctata 

urvillei 

bellator 

seismella 

polita 

tetragonon 

vocans 

chlorophthalmus 

inversa 

thayeri 

tangeri 

major 

heteropleura 

maracoani 

ornata 

panamensis 

vocator 

burgersi 

mordax 

minax 

galapagensis 

rapax 

pugnax 

pugilator 

uruguayensis 

speciosa 

cumulanta 

batuenta 
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U.S.A. (east & Gulf coasts) 

Uruguay 

U.S.A. (Florida) 

Trinidad 

Panama (Pacific) 

Panama (Pacific) 

Panama (Pacific) 

Panama (Pacific) 

Ecuador 

Panama (Pacific) 

Panama (Pacific) 

N. Caledonia 

E. Africa; S.E. Asia; Taiwan; Fiji 

Panama (Pacific) 

Trinidad 

Panama (Pacific) 

E. Pacific 

Costa Rica (Pacific) 

References 

P
re

vi
ou

sl
y 

P
ub

li
sh

ed
 

-
-

Crane, '66 

-
-

Crane, '66 

-
-
-
-

Crane, '66 

Crane, '66 

-
-

von Hagen, '68.1 

Altevogt, '59, '64; von Hagen, '62 

von Hagen, '68.1 

-
Crane, '66; von Hagen, '68.1 

-
-

Crane, '66; von Hagen, '68.1; '70.3 

von Hagen, '68.1; Salmon, '67 

von Hagen, '68.1 

Salmon, '65 

-
Crane, '66; Salmon, '67; Salmon & Atsaides, '68.1,2; von Hagen, ' 

Salmon, '65, '67; Salmon & Atsaides, '68.1,2. 

Early refs.: see, p. 480 
Salmon & Stout, '62; Salmon, '65; Salmon & Atsaides, '68.2 

-
Salmon, '67; Salmon & Atsaides, '68.2 

Crane, '66; von Hagen, '68.1 

-
-
-

. 
-
-
-
-

Crane, '66 

Crane, '66 

von Hagen, '68.1 

-
Specializations pointed out first by Rathbun, 1914 

-

P
ag

e 
N

o.
 (

Sy
st

em
at

ic
 

Se
ct

io
n)

 

28 

30 

34 

42 

46 

54 

60 

67 

71 

73 

79 

88 

100 

106 

113 

121 

137 

135 

146 

152 

159 

165 

171 

— 
— 

185 

194 

202 

225 

229 

238 

241 

246 

249 

253 

256 

269 

280 

284 

289 

296 

309 

306 

313 

314 

321 



T
A

B
L

E
 

13
 

O
rg

an
iz

at
io

n 
of

 8
4 

S
tr

uc
tu

re
s 

on
 U

C
A

 C
la

w
s 

an
d 

T
he

ir
 R

el
at

io
n 

to
 R

it
ua

li
ze

d 
C

om
ba

t 

A
re

a 
{F

ig
s.

 
4

2
,4

3
,4

4
) 

O
U

T
E

R
 

M
A

N
U

S 
V

en
tr

al
 

M
ar

gi
n:

 

L
en

gt
h 

(p
lu

s 
an

y 
co

nt
in

ua
ti

on
 

on
 v

en
tr

al
 p

ol
le

x 
m

ar
gi

n)
 

O
ut

er
 

Su
rf

ac
e:

 

A
. 

E
nt

ir
e 

re
gi

on
 

B
. 

± 
V

en
tr

al
 h

al
f 

C
. 

P
ol

le
x 

ba
se

 

D
. 

C
uf

f(
 

=
 v

er
ti

ca
l 

co
nv

ex
it

y 
be

si
de

 d
ac

ty
l 

ba
se

) 

E
. 

C
en

tr
al

 p
or

ti
on

 

St
ru

ct
ur

e 
N

o.
 

1 2 3 4 5 6 7 8 9 10
 

St
ru

ct
ur

e 
N

am
e 

E
nl

ar
ge

d 
tu

be
rc

le
s 

F
ur

ro
w

 b
es

id
e 

tu
be

rc
le

s 
on

 
ou

te
r 

si
de

 

T
ub

er
cl

es
 (

ex
cl

ud
in

g 
lo

ca
l 

sp
ec

ia
li

za
ti

on
s)

 

C
on

ve
xi

ty
 o

f 
he

el
 (

 =
 p

ro
xi

m
al

 
ve

nt
ra

l 
su

rf
ac

e)
 

D
ep

re
ss

io
n 

K
ee

l 
be

lo
w

 d
ep

re
ss

io
n 

G
ro

ov
e 

T
ub

er
cl

es
 

S
pe

ci
al

 l
on

gi
tu

di
na

l 
co

nv
ex

it
y 

T
ub

er
cl

es
 

a.
 

b.
 

c.
 

d.
 

e.
 

f.
 

a.
 

b.
 

c.
 

a.
 

b.
 

c.
 

d.
 

a.
 

b.
 

a.
 

b.
 

c.
 

d.
 

T
yp

e 
of

 
V

ar
ia

tio
n 

O
cc

ur
re

nc
e 

Si
ze

 
L

oc
at

io
n 

of
 l

ar
ge

st
 

D
is

ta
l 

en
d 

of
 r

ow
 

A
rr

an
ge

m
en

t 

L
oc

at
io

n 
of

 K
ee

l 

O
cc

ur
re

nc
e 

E
xt

en
t 

D
ep

th
 

S
iz

e,
 g

en
er

al
 

Si
ze

, 
re

gi
on

al
 

H
om

og
en

ei
ty

 
A

rr
an

ge
m

en
t 

R
an

ge
 

Si
ze

 

T
ub

er
cu

la
ti

on
 

O
cc

ur
re

nc
e 

E
xt

en
t 

pr
ox

im
al

ly
 

E
xt

en
t 

di
st

al
ly

 
T

ub
er

cu
la

ti
on

 

O
cc

ur
re

nc
e 

O
cc

ur
re

nc
e 

&
 a

rr
an

ge
m

en
t 

O
cc

ur
re

nc
e 

Si
ze

 n
ea

r 
ga

pe
 

R
an

ge
 

of
 

V
ar

ia
tio

n 

P
re

se
nt

 o
r 

ab
se

nt
 

S
m

al
l 

to
 m

od
er

at
e 

P
ro

xi
m

al
ly

 o
r 

ne
ar

 p
ol

le
x 

ba
se

 
B

et
w

ee
n 

po
ll

ex
 b

as
e 

an
d 

ti
p 

T
ub

er
cl

es
 u

su
al

ly
 i

n 
si

ng
le

 l
in

e;
 r

ar
el

y 
m

ul
ti

pl
e,

 s
om

et
im

es
 o

n 
lo

w
 k

ee
l 

F
ul

l 
le

ng
th

, 
pr

ox
im

al
 o

r 
di

st
al

 

P
re

se
nt

 o
r 

ab
se

nt
 

F
ul

l 
le

ng
th

, 
pr

ox
im

al
 o

r 
di

st
al

 
S

li
gh

t 
to

 m
od

er
at

e 

M
in

ut
e 

to
 s

m
al

l 
V

en
tr

al
 t

o 
do

rs
al

 s
iz

e 
di

ff
er

en
ce

s 
R

ar
el

y 
of

 d
if

fe
re

nt
 s

iz
es

 in
 s

am
e 

re
gi

on
 

R
ar

el
y 

in
 r

et
ic

ul
at

ed
 p

at
te

rn
 

S
li

gh
t t

o 
m

od
er

at
e 

L
ar

ge
, s

ha
ll

ow
 a

nd
 i

nd
ef

in
it

e 
to

 s
m

al
l, 

de
ep

er
 a

nd
 d

is
ti

nc
tl

y 
bo

un
de

d 
P

re
se

nt
 o

r 
ab

se
nt

, 
th

ic
k 

or
 s

pa
rs

e,
 s

im
il

ar
 

or
 d

if
fe

re
nt

 i
n 

si
ze

 f
ro

m
 t

ho
se

 o
f 

ad
ja

ce
nt

 m
an

us
 

P
re

se
nt

 o
r 

ab
se

nt
 

S
om

et
im

es
 p

ro
xi

m
al

ly
 t

o 
m

id
-m

an
us

; 
at

 
le

as
t 

as
 r

ow
 o

f 
tu

be
rc

le
s 

F
ro

m
 p

ro
xi

m
al

 p
ar

t 
of

 p
ol

le
x 

al
m

os
t 

to
 t

ip
 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

L
in

ea
r 

to
 s

ca
tt

er
ed

 t
o 

ab
se

nt
 

R
ar

el
y 

pr
es

en
t 

S
om

et
im

es
 a

br
up

tl
y 

la
rg

er
 

C
om

ba
t 

C
om

po
ne

nt
s 

U
si

ng
 

St
ru

ct
ur

e 
(c

f.
 

T
ab

le
 

14
) 

P
ol

le
x-

un
de

r-
&

-o
ve

r 
sl

id
e 

S
ub

da
ct

yl
-&

-s
ub

po
ll

ex
-s

li
de

 
U

pp
er

-&
-l

ow
er

-m
an

us
-r

ub
 

D
ac

ty
l-

su
bm

an
us

-s
li

de
 

P
ol

le
x-

un
de

r-
&

-o
ve

r-
sl

id
e 

D
ac

ty
l-

su
bm

an
us

-s
li

de
 

M
an

us
-r

ub
 

H
ee

l-
&

-h
ol

lo
w

 
H

ee
l-

&
-r

id
ge

 
S

up
ra

he
el

-r
ub

 (
ve

rt
ic

al
) 

H
ee

l-
&

-h
ol

lo
w

 
H

ee
l-

&
-r

id
ge

 

P
ol

le
x-

ba
se

-r
ub

 

P
ol

le
x-

ru
b 

P
ol

le
x-

ba
se

-r
ub

 

In
te

rl
ac

e 

In
te

rl
ac

e 

(U
nk

no
w

n)
 

In
te

rl
ac

e 
P

re
ga

pe
-r

ub
 

St
ru

ct
ur

e 
N

o.
 1 2 3 4 5 6 7 8 9 10
 



F
. 

± 
U

pp
er

 t
hi

rd
 

D
or

sa
l 

M
ar

gi
n:

 

A
. 

P
ro

xi
m

al
 p

ar
t 

(c
oi

nc
id

es
 w

it
h 

up
pe

r 
ed

ge
 o

f 
ca

rp
al

 c
av

it
y)

 

B
. 

D
is

ta
l 

pa
rt

 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

In
w

ar
d 

be
nd

in
g 

of
 s

ur
fa

ce
 

F
la

tt
en

in
g 

of
 s

ub
m

ar
gi

na
l 

ar
ea

 

T
ub

er
cl

es
: 

pr
ox

im
al

 s
pe

ci
al

iz
at

io
ns

 

T
ub

er
cl

es
: 

su
bm

ar
gi

na
l 

sp
ec

ia
li

za
ti

on
s 

S
ub

m
ar

gi
na

l 
lo

ng
it

ud
in

al
 r

id
ge

 

S
ub

m
ar

gi
na

l 
lo

ng
it

ud
in

al
 

sm
oo

th
 a

re
a 

S
ub

m
ar

gi
na

l 
gr

oo
ve

 

B
ea

de
d 

ed
ge

 (
se

e 
al

so
 #

27
) 

B
re

ad
th

 

F
la

tt
en

in
g 

In
w

ar
d 

ti
lt

 

A
rm

at
ur

e 
of

 o
ut

er
 e

dg
e 

A
rm

at
ur

e 
of

 m
ar

gi
na

l 
su

rf
ac

e 

D
em

ar
ca

ti
on

 b
et

w
ee

n 
m

ar
gi

n 
an

d 
up

pe
r 

pa
lm

 

D
eg

re
e 

a.
 

D
eg

re
e 

b.
 

L
oc

at
io

n 
of

 m
ax

im
um

 

a.
 

O
cc

ur
re

nc
e 

b.
 

A
rr

an
ge

m
en

t 

a.
 

O
cc

ur
re

nc
e 

b.
 

Si
ze

 (
cf

'd
. 

#3
b)

 
c.

 
A

rr
an

ge
m

en
t 

O
cc

ur
re

nc
e 

O
cc

ur
re

nc
e 

a.
 

O
cc

ur
re

nc
e 

b.
 

E
xt

en
t 

c.
 

D
is

ti
nc

tn
es

s 

a.
 

D
is

ti
nc

tn
es

s 
b.

 
E

xt
en

t 

D
eg

re
e 

D
eg

re
e 

O
cc

ur
re

nc
e 

a.
 

D
is

ti
nc

tn
es

s 

b.
 

E
xt

en
t 

a.
 

O
cc

ur
re

nc
e 

b.
 

T
ub

er
cl

es
 u

np
at

te
rn

ed
 

c.
 

T
ub

er
cl

es
 i

n 
ro

w
s 

d.
 

T
ub

er
cl

es
 i

n 
re

ti
cu

la
ti

on
s 

e.
 

R
ug

os
it

ie
s 

O
cc

ur
re

nc
e 

S
li

gh
t 

to
 p

ro
no

un
ce

d 

A
bs

en
t 

to
 p

ro
no

un
ce

d 
T

hr
ou

gh
ou

t 
m

an
us

 l
en

gt
h 

or
 p

ro
no

un
ce

d 
pr

ox
im

al
ly

, m
in

im
al

 t
o 

ab
se

nt
 d

is
ta

ll
y 

P
re

se
nt

 o
r 

ab
se

nt
 

V
er

ti
ca

l 
or

 o
bl

iq
ue

 r
ow

s,
 r

et
ic

ul
at

io
ns

, 
an

d
/o

r 
ru

go
si

ti
es

 

P
re

se
nt

 o
r 

ab
se

nt
 

S
ec

on
da

ri
ly

 r
ed

uc
ed

 
A

s 
in

 1
3b

 

R
ar

el
y 

pr
es

en
t 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

T
hr

ou
gh

ou
t 

or
 p

ro
xi

m
al

 o
nl

y 
W

el
lm

ar
ke

d 
to

 f
ai

nt
 

B
ea

di
ng

 s
tr

on
g 

or
 w

ea
k 

D
is

ti
nc

t 
th

ro
ug

ho
ut

 o
r 

pr
ox

im
al

ly
 o

nl
y 

N
ar

ro
w

 t
o 

w
id

e 

A
bs

en
t 

to
 s

tr
on

g 

P
re

se
nt

 o
r 

ab
se

nt
 

W
he

th
er

 m
ar

ke
d 

by
 a

 r
id

ge
 a

n
d

/o
r 

tu
be

rc
le

s 
E

dg
e 

di
st

in
ct

 t
hr

ou
gh

ou
t 

or
 p

ro
xi

m
al

ly
 

on
ly

 

R
ou

gh
ne

ss
 o

f 
so

m
e 

ki
nd

(s
) 

pr
es

en
t 

or
 

ab
se

nt
; 

fo
rm

 r
an

ge
 b

 -
 

e 
C

ro
w

de
d 

to
 v

er
y 

sp
ar

se
, s

ur
fa

ce
 b

ei
ng

 
ot

he
rw

is
e 

sm
oo

th
 

T
ra

ns
ve

rs
e 

an
d

/o
r 

ob
li

qu
e,

 s
la

nt
ed

 
pr

ox
im

o-
ex

te
rn

al
ly

 
S

iz
e 

of
 s

m
oo

th
 s

pa
ce

s 
D

eg
re

e 
of

 t
ub

er
cu

la
ti

on
 

P
re

se
nt

 o
r 

ab
se

nt
 

U
pp

er
-&

-l
ow

er
-m

an
us

-r
ub

: 
so

m
e 

or
 a

ll
, 

ll
-2

4
-(

+
l)

 

(A
ls

o 
17

: G
ui

de
 t

o 
he

el
 

in
 h

ee
l-

&
-r

id
ge

) 

7 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 



T
A

B
L

E
 

13
 

(C
on

ti
nu

ed
) 

O
rg

an
iz

at
io

n 
of

 8
4 

S
tr

uc
tu

re
s 

on
 U

C
A

 C
la

w
s 

an
d 

T
he

ir
 R

el
at

io
n 

to
 R

it
ua

li
ze

d 
C

om
ba

t 

A
re

a 
(F

ig
s.

 
4

2
,4

3
,4

4
) 

P
A

L
M

 

A
. 

U
pp

er
, 

pr
ed

is
ta

l 
ar

ea
 

( 
=

 b
et

w
ee

n 
up

pe
r 

di
st

al
 

pa
rt

 o
f 

ca
rp

al
 c

av
it

y,
 

do
rs

al
 m

ar
gi

n,
 &

 d
ac

ty
l 

ba
se

) 

B
. 

P
re

da
ct

yl
 a

re
a 

( 
=

 u
pp

er
 

di
st

al
 p

al
m

, 
be

si
de

 
da

ct
yl

 b
as

e)
 

C
. 

C
en

tr
al

 p
al

m
 

D
. 

O
bl

iq
ue

, t
ub

er
cu

la
te

 r
id

ge
 

St
ru

ct
ur

e 
N

o.
 

25
 

26
 

27
 

28
 

29
 

30
 

31
 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

39
 

40
 

41
 

42
 

St
ru

ct
ur

e 
N

am
e 

G
en

er
al

 f
or

m
 

D
is

ta
l e

xt
en

si
on

 o
f 

ca
rp

al
 c

av
it

y 
in

to
 p

re
di

st
al

 a
re

a 

D
ow

nw
ar

d 
ex

te
ns

io
n 

of
 c

ar
pa

l 
ca

vi
ty

's
 b

ea
de

d,
 d

or
sa

l 
ed

ge
 

O
th

er
 s

ep
ar

at
io

ns
 b

et
w

ee
n 

ca
vi

ty
 &

 p
re

di
st

al
 a

re
a 

S
ep

ar
at

io
n 

by
 t

ub
er

cl
es

, 
di

ff
er

en
ce

s 
of

 l
ow

er
 p

ar
t 

of
 p

re
da

ct
yl

 a
re

a 
fr

om
 u

pp
er

 p
al

m
 

D
ep

re
ss

io
n 

in
 m

id
dl

e 
of

 a
re

a 

A
rm

at
ur

e 
of

 a
re

a 

P
ro

xi
m

al
 r

ow
 o

f 
tu

be
rc

le
s 

(c
on

ti
nu

ed
 a

s 
in

ne
r 

ro
w

 a
lo

ng
 

po
ll

ex
 g

ap
e)

 

D
is

ta
l 

ro
w

 o
f 

tu
be

rc
le

s 

In
te

rv
en

in
g 

gr
oo

ve
 

C
on

ve
xi

ty
 

S
m

al
l 

de
pr

es
si

on
 n

ea
r 

ga
pe

 

O
bl

iq
ue

 d
ep

re
ss

io
n,

 d
or

sa
l 

to
 

ob
li

qu
e 

ri
dg

e 

T
ub

er
cl

es
 

R
id

ge
 f

or
m

 b
et

w
ee

n 
ca

rp
al

 
ca

vi
ty

 a
nd

 l
ow

er
 p

al
m

 a
t 

po
ll

ex
 b

as
e 

A
pe

x,
 a

t 
lo

w
er

, 
di

st
al

 e
nd

 o
f 

ca
rp

al
 c

av
it

y 

T
ub

er
cu

la
ti

on
, 

ri
dg

e,
 a

nd
 a

pe
x 

T
ub

er
cu

la
ti

on
 c

on
ti

nu
ed

 f
ro

m
 

ap
ex

, u
pw

ar
d 

ar
ou

nd
 d

is
ta

l 
en

d 
of

 c
ar

pa
l 

ca
vi

ty
 

T
yp

e 
of

 
V

ar
ia

tio
n 

a.
 

R
el

at
iv

e 
si

ze
 

b.
 

S
ha

pe
 

a.
 

O
cc

ur
re

nc
e 

b.
 

S
ha

pe
 

a.
 

O
cc

ur
re

nc
e 

b.
 

S
ep

ar
at

io
n 

of
 c

av
it

y 
fr

om
 

pr
ed

is
ta

l 
ar

ea
 

a.
 

G
ro

up
ed

 t
ub

er
cl

es
 

b.
 

T
ub

er
cl

es
 c

on
ti

nu
ed

 u
p 

fr
om

 a
pe

x 
c.

 
H

ig
he

r 
pr

ed
is

ta
l 

pl
an

e 

O
cc

ur
re

nc
e 

O
cc

ur
re

nc
e 

a.
 

O
cc

ur
re

nc
e 

b.
 

T
ub

er
cl

es
 u

np
at

te
rn

ed
 

c.
 

T
ub

er
cl

es
 i

n 
ro

w
 

d.
 

T
ub

er
cl

es
 i

n 
re

ti
cu

la
ti

on
s 

e.
 

R
ug

os
it

ie
s 

a.
 

O
cc

ur
re

nc
e 

b.
 

E
xt

en
t 

up
w

ar
d 

c.
 

T
ub

er
cl

e 
ch

ar
ac

te
ri

st
ic

s 

a.
 

O
cc

ur
re

nc
e 

b.
 

T
ub

er
cl

e 
ch

ar
ac

te
ri

st
ic

s 
c.

 
S

er
ie

s 
st

ro
ng

er
 t

ha
n 

pr
ox

im
al

 

O
cc

ur
re

nc
e 

O
cc

ur
re

nc
e 

O
cc

ur
re

nc
e 

O
cc

ur
re

nc
e 

O
cc

ur
re

nc
e 

a.
 

G
en

er
al

 h
ei

gh
t 

b.
 

E
dg

e 
th

ic
kn

es
s 

c.
 

S
te

ep
ne

ss
 o

f 
si

de
s 

d.
 

E
xt

en
t 

di
st

al
ly

 

H
ei

gh
t,

 c
f'

d.
 r

id
ge

 

a.
 

O
cc

ur
re

nc
e 

of
 l

in
ea

r 
tu

be
rc

le
s 

b.
 

L
oc

at
io

n 
of

 l
ar

ge
st

 
c.

 
D

eg
re

e 
of

 i
rr

eg
ul

ar
it

y 

a.
 

O
cc

ur
re

nc
e 

b.
 

E
xt

en
t 

c.
 

Ir
re

gu
la

ri
ty

 

R
an

ge
 

of
 

V
ar

ia
tio

n 

S
m

al
l 

to
 l

ar
ge

 
N

ar
ro

w
 t

o 
br

oa
d 

P
re

se
nt

 o
r 

ab
se

nt
 

T
ap

er
in

g;
 n

ar
ro

w
 t

o 
br

oa
d 

N
o

n
e,

 s
li

gh
t 

or
 e

xt
en

si
ve

 
N

o
n

e,
 p

ar
ti

al
 o

r 
to

ta
l 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

R
an

ge
 a

s 
in

 #
23

, 
a-

e 

P
re

se
nt

, 
fe

w
 o

r 
ab

se
nt

 
F

ul
l 

le
ng

th
 o

r 
ve

nt
ra

l 
pa

rt
 o

nl
y 

In
 r

ow
 r

eg
ul

ar
, 

ir
re

gu
la

r 
or

 m
ul

ti
pl

e;
 

sm
al

l 
to

 l
ar

ge
 

P
re

se
nt

, 
fe

w
, 

ob
so

le
sc

en
t, 

or
 a

bs
en

t 
In

 r
ow

 s
in

gl
e 

or
 m

ul
ti

pl
e;

 m
in

ut
e 

to
 s

m
al

l 
(1

 s
pe

ci
es

):
 

T
ub

er
cl

es
 l

ar
ge

r 
an

d 
ro

w
 l

on
ge

r 

W
el

l-
m

ar
ke

d,
 i

nd
is

ti
nc

t 
or

 a
bs

en
t 

D
ir

ec
ti

on
(s

) 
of

 s
lo

pe
; 

de
gr

ee
 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

V
ar

yi
ng

 l
oc

al
 d

is
tr

ib
ut

io
ns

 &
 s

iz
es

 

H
ig

h 
to

 o
bs

ol
es

ce
nt

 
T

hi
ck

 t
o 

th
in

 
S

te
ep

 t
o 

ve
ry

 g
en

tl
e 

A
lm

os
t 

or
 e

nt
ir

el
y 

to
 p

ol
le

x 
ba

se
 

H
ig

he
r,

 e
qu

al
 o

r 
lo

w
er

 

P
re

se
nt

 o
r 

ab
se

nt
 

O
n 

ap
ex

 o
r 

m
or

e 
di

st
al

ly
 

S
li

gh
t t

o 
gr

ea
t 

P
re

se
nt

 o
r 

ab
se

nt
 

S
li

gh
tl

y,
 m

od
er

at
el

y 
or

 m
er

gi
ng

 w
it

h 
do

w
nt

ur
ne

d 
do

rs
al

 m
ar

gi
n 

S
li

gh
t t

o 
gr

ea
t 

C
om

ba
t 

C
om

po
ne

nt
s 

U
si

ng
 S

tr
uc

tu
re

 
(c

f.
 T

ab
le

 1
4)

 

U
nk

no
w

n 

T
 

In
te

rl
ac

e 

In
te

rl
ac

e 

U
nk

no
w

n 
(p

ar
ti

al
 i

nt
er

la
ce

) 

P
re

ga
pe

-r
ub

 

U
nk

no
w

n 

U
nk

no
w

n 

P
re

ga
pe

-r
ub

 

H
ee

l-
&

-r
id

ge
 

H
ee

l-
&

-r
id

ge
 

H
ee

l-
&

-r
id

ge
 

H
ee

l-
&

-r
id

ge
 

St
ru

ct
ur

e 
N

o.
 

25
 

26
 

27
 

28
 

29
 

30
 

31
 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

39
 

40
 

41
 

42
 



E
. 

C
ar

pa
l 

ca
vi

ty
 

F
. 

L
ow

er
, p

ro
xi

m
al

 t
ri

an
gl

e 

G
. 

D
ep

re
ss

io
n 

at
 p

ol
le

x 
ba

se
 

P
O

L
L

E
X

 

E
nt

ir
e 

V
en

tr
al

 
M

ar
gi

n 

O
ut

er
 

Su
rf

ac
e 

A
. 

L
ow

er
 p

ar
t 

B
. 

O
ut

er
 s

ur
fa

ce
 a

s 
a 

w
ho

le
 

D
or

sa
l 

M
ar

gi
n 

( 
=

 p
re

he
ns

il
e 

ed
ge

) 

A
. 

E
nt

ir
e 

M
ar

gi
n 

43
 

44
 

45
 

46
 

47
 

48
 

49
 1 2 6 50
 5 51
 

52
 

D
is

ta
l 

sl
op

e 

L
ow

er
 e

dg
e 

- 
A

rm
at

ur
e 

F
or

m
 

T
ub

er
cu

la
ti

on
 

L
en

gt
h,

 c
f'

d.
 m

an
us

 

S
ha

pe
 

T
ub

er
cl

es
 (

se
e 

un
de

r 
M

A
N

U
S)

 

O
ut

er
 f

ur
ro

w
 (

se
e 

un
de

r 
M

A
N

U
S)

 

K
ee

l (
se

e 
un

de
r 

M
A

 
N

U
S)

 

G
ro

ov
e 

ab
ov

e 
ke

el
 

D
is

ta
l 

en
d 

of
 d

ep
re

ss
io

n 
at

 p
ol

le
x 

ba
se

 (s
ee

 u
nd

er
 

M
A

N
U

S)
 

T
ub

er
cu

la
ti

on
 

C
ur

va
tu

re
 

D
eg

re
e 

a.
 

H
ei

gh
t 

b.
 

T
hi

ck
ne

ss
 

c.
 

T
ub

er
cu

la
ti

on
 

a.
 

T
ub

er
cl

es
: 

oc
cu

rr
en

ce
 

b.
 

T
ub

er
cl

es
: g

en
er

al
 s

iz
e 

c.
 

T
ub

er
cl

es
: 

lo
ca

ti
on

 o
f 

la
rg

es
t 

d.
 

T
ub

er
cl

es
: 

w
he

re
 

re
gi

on
al

ly
 a

bs
en

t 
e.

 
T

ub
er

cl
es

: 
in

 r
ow

s 
f.

 
T

ub
er

cl
es

: 
in

 r
et

ic
ul

at
io

ns
 

g.
 

R
ug

os
it

ie
s 

h.
 

O
bl

iq
ue

 r
ow

 o
f 

pa
ra

ll
el

 
st

ri
ae

: 
oc

cu
rr

en
ce

 

a.
 

E
xt

en
t 

b.
 

S
ha

pe
 

a.
 

O
cc

ur
re

nc
e 

b.
 

Si
ze

 

R
an

ge
 

R
an

ge
 

- - - O
cc

ur
re

nc
e 

-

a.
 

O
cc

ur
re

nc
e 

b.
 

E
xt

en
t 

a.
 

D
eg

re
e 

b.
 

L
oc

at
io

n 
of

 c
on

ca
vi

ty
 

G
ra

d
u

al
 t

o 
st

ee
p 

L
ow

 t
o 

m
od

er
at

e 
T

hi
ck

 t
o 

th
in

 
P

re
se

nt
 o

r 
ab

se
nt

 

P
re

se
nt

 o
r 

ab
se

nt
 

M
in

ut
e 

to
 m

od
er

at
e 

P
ro

xi
m

al
 e

nd
 v

en
tr

al
 t

o 
do

rs
al

 o
r 

di
st

al
 

R
ar

el
y 

fr
om

 d
is

ta
l 

ha
lf

, d
or

sa
l 

ha
lf

 o
r 

en
ti

re
 t

ri
an

gl
e 

ex
ce

pt
 n

ea
r 

ob
li

qu
e 

ri
dg

e 
P

re
se

nt
 o

r 
ab

se
nt

-l
oc

at
io

n 
va

ri
ab

le
 

P
re

se
nt

 o
r 

ab
se

nt
-l

oc
at

io
n 

va
ri

ab
le

 
P

re
se

nt
 o

r 
ab

se
nt

-l
oc

at
io

n 
va

ri
ab

le
 

P
re

se
nt

 o
r 

ab
se

nt
 

L
ar

ge
 o

r 
sm

al
l 

S
ha

ll
ow

 w
it

h 
bo

un
da

ri
es

 i
nd

is
ti

nc
t 

or
 

re
la

ti
ve

ly
 d

ee
p,

 s
ub

tr
ia

ng
ul

ar
 

P
re

se
nt

 o
r 

ab
se

nt
 

S
am

e 
as

 o
n 

ad
ja

ce
nt

 p
al

m
 o

r 
di

ff
er

en
t 

L
on

ge
r 

or
 c

le
ar

ly
 s

ho
rt

er
 

A
pp

ro
xi

m
at

el
y 

st
ra

ig
ht

 &
 s

le
nd

er
; 

lo
w

er
 

m
ar

gi
n 

cl
ea

rl
y 

co
nv

ex
, o

r 
st

ra
ig

ht
 w

it
h 

ti
p 

tu
rn

ed
 u

p;
 b

ro
ad

; 
or

 t
ri

an
gu

la
r 

- - - P
re

se
nt

 o
r 

ab
se

nt
 

- P
re

se
nt

 o
r 

ab
se

nt
 

G
en

er
al

 o
r 

ne
ar

 v
en

tr
al

 m
ar

gi
n 

an
d

/o
r 

ne
ar

 p
re

he
ns

il
e 

ed
ge

 

S
tr

ai
gh

t 
to

 s
tr

on
gl

y 
co

nc
av

e 
G

en
er

al
 o

r 
su

bd
is

ta
l 

on
ly

 

H
ee

l-
&

-r
id

ge
 

U
nk

no
w

n 
(i

n 
tr

ia
ng

ul
ar

is
 p

ro
b

. 
he

el
-&

-r
id

ge
) 

U
nk

no
w

n 
(e

xc
lu

di
ng

 u
se

 in
 

au
to

st
ri

du
la

ti
on

 w
it

h 
1s

t 
am

bu
la

to
ry

) 

H
ee

l-
&

-h
ol

lo
w

 

H
ee

l-
&

-h
ol

lo
w

 

H
ee

l-
&

ri
dg

e 
w

he
n 

lo
ng

 

H
ee

l-
&

-r
id

ge
 w

he
n 

st
ra

ig
ht

 (
?)

 

S
ee

 S
tr

uc
tu

re
 1

 

S
ee

 S
tr

uc
tu

re
 2

 

Se
e 

S
tr

uc
tu

re
 6

 

P
ol

le
x-

ru
b 

D
ac

ty
l-

al
on

g-
po

ll
ex

-g
ro

ov
e 

Se
e 

S
tr

uc
tu

re
 5

 

M
an

us
-r

ub
 

P
ol

le
x-

ru
b 

(U
nk

no
w

n)
 

43
 

44
 

45
 

46
 

47
 

48
 

49
 1 2 6 50
 5 51
 

52
 



T
A

B
L

E
 1

3 
(C

on
ti

nu
ed

) 
O

rg
an

iz
at

io
n 

of
 8

4 
St

ru
ct

ur
es

 o
n 

U
C

A
 C

la
w

s 
an

d 
T

he
ir

 R
el

at
io

n 
to

 R
itu

al
iz

ed
 C

om
ba

t 

A
re

a 
(F

ig
s.

 4
2,

43
,4

4)
 

B
. 

P
ro

xi
m

al
 p

ar
t 

C
. 

M
ed

ia
n 

&
 d

is
ta

l 
pa

rt
s 

In
ne

r 
Su

rf
ac

e 

D
A

C
T

Y
L

 

E
nt

ir
e 

V
en

tr
al

 M
ar

gi
n 

( 
=

 p
re

he
ns

il
e 

ed
ge

) 

A
. 

E
nt

ir
e 

m
ar

gi
n 

B
. 

P
ro

xi
m

al
 p

ar
t 

St
ru

ct
ur

e 
N

o.
 

53
 

j 

54
 

55
 

56
 

57
 

58
 

59
 

60
 

61
 

62
 

63
 

64
 

46
 

65
 

66
 

67
 

68
 

69
 

70
 

71
 

St
ru

ct
ur

e 
N

am
e 

T
ub

er
cl

es
: 

ou
te

r 
ro

w
 

T
ub

er
cl

es
: 

m
ed

ia
n 

ro
w

 

T
ub

er
cl

es
: 

in
ne

r 
ro

w
 

S
pa

ce
 b

et
w

ee
n 

ou
te

r 
an

d 
m

ed
ia

n 
ro

w
s 

S
pa

ce
 b

et
w

ee
n 

m
ed

ia
n 

an
d 

in
ne

r 
ro

w
s 

T
ub

er
cl

es
: 

ou
te

r 
ro

w
 

T
ub

er
cl

es
: 

m
ed

ia
n 

ro
w

 

T
ub

er
cl

es
: 

in
ne

r 
ro

w
 

L
ar

ge
, t

ub
er

cu
la

te
 t

oo
th

 

K
ee

l:
 t

ip
 o

f 
m

ed
ia

n 
ro

w
 

K
ee

l:
 t

ip
 o

f 
in

ne
r 

ro
w

 

P
ol

le
x 

ti
p 

ap
pe

ar
in

g 
bi

fi
d 

or
 t

ri
fi

d 

D
is

ta
l 

en
d 

of
 d

ep
re

ss
io

n 
in

si
de

 
po

ll
ex

 b
as

e 
(s

ee
 u

nd
er

 M
A

 
N

U
S)

 

T
ub

er
cu

la
ti

on
 

L
en

gt
h 

co
m

pa
re

d 
w

it
h 

m
an

us
 

G
en

er
al

 s
ha

pe
 

C
ur

va
tu

re
 

T
ub

er
cl

es
: 

ou
te

r 
ro

w
 

T
ub

er
cl

es
: 

m
ed

ia
n 

ro
w

 

T
ub

er
cl

es
: 

in
ne

r 
ro

w
 

T
yp

e 
of

 V
ar

ia
ti

on
 

O
cc

ur
re

nc
e 

O
cc

ur
re

nc
e 

O
cc

ur
re

nc
e 

B
re

ad
th

 

B
re

ad
th

 

O
cc

ur
re

nc
e 

&
 e

xt
en

t 

O
cc

ur
re

nc
e 

&
 e

xt
en

t 

O
cc

ur
re

nc
e 

&
 e

xt
en

t 

a.
 

O
cc

ur
re

nc
e 

b.
 

L
oc

at
io

n 
c.

 
R

ow
(s

) 
of

 o
ri

gi
n 

a.
 

O
cc

ur
re

nc
e 

b.
 

T
ub

er
cl

es
 

a.
 

O
cc

ur
re

nc
e 

b.
 

T
ub

er
cl

es
 

O
cc

ur
re

nc
e 

-

a.
 

O
cc

ur
re

nc
e 

b.
 

E
xt

en
t 

R
an

ge
 

R
an

ge
 

R
an

ge
 

O
cc

ur
re

nc
e 

O
cc

ur
re

nc
e 

O
cc

ur
re

nc
e 

R
an

ge
 

of
 

V
ar

ia
tio

n 

P
re

se
nt

, w
ea

k 
or

 a
bs

en
t 

P
re

se
nt

, w
ea

k 
or

 a
bs

en
t 

P
re

se
nt

, 
w

ea
k 

or
 a

bs
en

t 

N
ar

ro
w

 o
r 

w
id

e 

N
ar

ro
w

 o
r 

w
id

e 

P
re

se
nt

, 
w

ea
k 

or
 a

bs
en

t,
 e

xt
en

de
d 

to
 t

ip
 

or
 n

ot
 

P
re

se
nt

, 
w

ea
k 

or
 a

bs
en

t,
 e

xt
en

de
d 

to
 t

ip
 

or
 n

ot
 

P
re

se
nt

, 
w

ea
k 

or
 a

bs
en

t,
 e

xt
en

de
d 

to
 t

ip
 

or
 n

ot
 

P
re

se
nt

 o
r 

ab
se

nt
 

S
ub

m
ed

ia
n 

or
 s

ub
di

st
al

 
M

ed
ia

n 
an

d
/o

r 
ou

te
r 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

- P
re

se
nt

 o
r 

ab
se

nt
 

G
en

er
al

, p
ro

xi
m

al
 o

nl
y,

 o
r 

ne
ar

 
pr

eh
en

si
le

 e
dg

e 
on

ly
 

S
ho

rt
er

 t
o 

m
uc

h 
lo

ng
er

 

S
le

nd
er

 t
o 

br
oa

d;
 c

en
tr

al
 p

or
ti

on
 b

ro
ad

er
 

or
 n

ar
ro

w
er

 t
ha

n 
co

rr
es

po
nd

in
g 

pa
rt

 
of

 p
ol

le
x 

A
rc

he
d 

th
ro

ug
ho

ut
 o

r 
di

st
al

ly
 o

nl
y 

P
re

se
nt

, w
ea

k 
or

 a
bs

en
t 

P
re

se
nt

, 
w

ea
k 

or
 a

bs
en

t 

P
re

se
nt

, 
w

ea
k 

or
 a

bs
en

t 

C
om

ba
t 

C
om

po
ne

nt
s 

U
si

ng
 S

tr
uc

tu
n 

St
ru

ct
ur

e 
(c

f. 
T

ab
le

 1
4)

 
N

o.
 

1 
or

 m
or

e 
of

 t
he

se
 r

ow
s 

in
 c

om
po

ne
nt

s:
 

P
ol

le
x-

un
de

r-
&

-o
ve

r-
sl

id
e 

In
te

rl
ac

e 

In
te

rl
ac

e 

In
te

rl
ac

e 

1 
or

 m
or

e 
of

 t
he

se
 r

ow
s 

in
 c

om
po

ne
nt

s:
 

P
ol

le
x-

un
de

r-
&

-o
ve

r-
sl

id
e 

S
ub

da
ct

yl
-&

-s
ub

po
ll

ex
 s

li
de

 
P

ol
le

x-
ba

se
-r

ub
 

U
pp

er
-&

-l
ow

er
-m

an
us

-r
ub

 
P

re
ga

pe
-r

ub
 

H
ee

l-
&

-h
ol

lo
w

 
H

ee
l-

&
-r

id
ge

 
S

ub
da

ct
yl

-&
-s

up
ra

po
ll

ex
-s

aw
 

U
nk

no
w

n 

U
nk

no
w

n 

U
nk

no
w

n 

U
nk

no
w

n 

Se
e 

S
tr

uc
tu

re
 4

6 

U
nk

no
w

n 

H
ee

l-
&

-h
ol

lo
w

 
H

ee
l-

&
-r

id
ge

 

H
ee

l-
&

-h
ol

lo
w

 
H

ee
l-

&
-r

id
ge

 

H
ee

l-
&

-h
ol

lo
w

 
H

ee
l-

&
-r

id
ge

 

1 
or

 m
or

e 
of

 t
he

se
 r

ow
s 

in
 c

om
po

ne
nt

s:
 

In
te

rl
ac

e 
D

ac
ty

l-
su

bm
an

us
-s

li
de

 

53
 

54
 

55
 

56
 

57
 

58
 

59
 

60
 

61
 

62
 

63
 

64
 

46
 

65
 

66
 

67
 

68
 

69
 

70
 

71
 



C
. 

M
ed

ia
n 

&
 d

is
ta

l 
pa

rt
s 

O
ut

er
 

Su
rf

ac
e 

D
or

sa
l 

M
ar

gi
n 

In
ne

r 
Su

rf
ac

e 

G
A

P
E

 

72
 

73
 

74
 

75
 

76
 

77
 

78
 

79
 

80
 

81
 

82
 

83
 

84
 

T
ub

er
cl

es
: 

ou
te

r 
ro

w
 

T
ub

er
cl

es
: 

m
ed

ia
n 

ro
w

 

T
ub

er
cl

es
: 

in
ne

r 
ro

w
 

L
ar

ge
 t

ub
er

cu
la

te
 t

oo
th

 

K
ee

l:
 t

ip
 o

f 
m

ed
ia

n 
ro

w
 

K
ee

l:
 t

ip
 o

f 
in

ne
r 

ro
w

 

T
ub

er
cu

la
ti

on
 

L
at

er
al

 G
ro

ov
e 

P
ro

xi
m

al
 s

ub
do

rs
al

 g
ro

ov
e 

T
ub

er
cu

la
ti

on
 

T
ub

er
cu

la
ti

on
 

L
at

er
al

 g
ro

ov
e 

or
 d

ep
re

ss
io

n 

B
re

ad
th

 

O
cc

ur
re

nc
e 

&
 e

xt
en

t 

O
cc

ur
re

nc
e 

&
 e

xt
en

t 

O
cc

ur
re

nc
e 

&
 e

xt
en

t 

a.
 

O
cc

ur
re

nc
e 

b.
 

L
oc

at
io

n 

a.
 

O
cc

ur
re

nc
e 

b.
 

T
ub

er
cl

es
 

a.
 

O
cc

ur
re

nc
e 

b.
 

T
ub

er
cl

es
 

a.
 

O
cc

ur
re

nc
e 

b.
 

E
xt

en
t 

a.
 

O
cc

ur
re

nc
e 

b.
 

E
xt

en
t 

a.
 

O
cc

ur
re

nc
e 

b.
 

E
xt

en
t 

a.
 

D
en

si
ty

 

b.
 

E
xt

en
t 

a.
 

O
cc

ur
re

nc
e 

b.
 

E
xt

en
t 

a.
 

O
cc

ur
re

nc
e 

b.
 

E
xt

en
t 

R
an

ge
 

P
re

se
nt

, 
w

ea
k 

or
 a

bs
en

t 

P
re

se
nt

, 
w

ea
k 

or
 a

bs
en

t 

P
re

se
nt

, 
w

ea
k 

or
 a

bs
en

t 

P
re

se
nt

 o
r 

ab
se

nt
 

P
ro

xi
m

al
, 

m
ed

ia
n 

or
 d

is
ta

l 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

P
re

se
nt

 o
r 

ab
se

nt
 

G
en

er
al

 o
r 

ne
ar

 d
or

sa
l 

m
ar

gi
n,

 a
n

d
/o

r 
ne

ar
 p

re
he

ns
il

e 
ed

ge
 

P
re

se
nt

 o
r 

ab
se

nt
 

P
ro

xi
m

al
 o

nl
y 

or
 e

xt
en

di
ng

 b
ey

on
d 

th
e 

m
id

dl
e 

P
re

se
nt

, 
w

ea
k 

or
 a

bs
en

t 
E

xt
re

m
el

y 
sh

or
t 

to
 m

od
er

at
el

y 
lo

ng
 

C
lo

se
-s

et
, 

so
m

et
im

es
 c

on
ti

nu
in

g 
in

 
su

bd
or

sa
l 

gr
oo

ve
, t

o 
ve

ry
 s

pa
rs

e 
A

bo
ve

 a
nd

 b
el

ow
 s

ub
do

rs
al

 g
ro

ov
e 

on
ly

, 
to

 c
on

ti
nu

in
g 

do
rs

al
ly

 n
ea

rl
y 

to
 d

ac
ty

l 
ti

p 

P
re

se
nt

 o
r 

ab
se

nt
 

G
en

er
al

, 
pr

ox
im

al
 o

nl
y 

or
 n

ea
r 

pr
eh

en
si

le
 e

dg
e 

on
ly

 

P
re

se
nt

 o
r 

ab
se

nt
 

P
ro

xi
m

al
 o

nl
y 

or
 e

xt
en

di
ng

 a
lm

os
t 

to
 t

ip
 

M
id

dl
e 

pa
rt

 m
uc

h 
na

rr
ow

er
 t

ha
n 

to
 m

uc
h 

br
oa

de
r 

th
an

 a
dj

ac
en

t 
po

ll
ex

 (
ex

cl
us

iv
e 

of
 a

ny
 t

ub
er

cu
la

te
 t

oo
th

) 

1 
or

 m
or

e 
of

 t
he

se
 r

ow
s 

in
 c

om
po

ne
nt

s:
 

D
ac

ty
l-

sl
id

e 
U

pp
er

-&
-l

ow
er

-m
an

us
-r

ub
 

H
ee

l-
&

-h
ol

lo
w

 
H

ee
l-

&
-r

id
ge

 
S

up
ra

he
el

-r
ub

 (
ve

rt
ic

al
) 

D
ac

ty
l-

al
on

g-
po

ll
ex

-g
ro

ov
e 

S
ub

da
ct

yl
-&

-s
up

ra
po

ll
ex

-s
aw

 

U
nk

no
w

n 

U
nk

no
w

n 

U
nk

no
w

n 

M
an

us
-r

ub
 

U
nk

no
w

n 

H
ee

l-
&

-r
id

ge
 

(G
ui

de
 t

o 
he

el
) 

D
ac

ty
l-

sl
id

e 
U

pp
er

-&
-l

ow
er

-m
an

us
-r

ub
 

U
nk

no
w

n 

U
nk

no
w

n 

(w
he

n 
w

id
e)

: 
H

ee
l-

&
-r

id
ge

 

72
 

73
 

74
 

75
 

76
 

77
 

78
 

79
 

80
 

81
 

82
 

83
 

84
 



652 APPENDIX C TABLE 14* 
Ritualized Combat in UCA: Distribution of Components 

Component 

1. Manus-rub 

2. Pollex-rub 

3. Pollex-under-
&-over-slide 

4. Subdactyl-&-sub-
pollex-slide 

5. Pollex-base-rub 

6. Dactyl-slide 

7. Upper-&-lower 
manus-rub 

8. Dactyl-submanus-
slide 

9. Interlace 

10. Pregape-rub 
(longitudinal) 

11. Heel-&-hollow 

12. Heel-&-ridge 

13. Supraheel-rub 
(vertical) 

14. Dactyl-along-
pollex-groove 

15. Subdactyl-&-
suprapollex-saw 

Actor 

Instruments 

Outer manus 
Outer pollex 
Outer dactyl 

Lower, outer pollex 

a. Pollex: prehensile 
edge, median 

b. Pollex: ventral 
margin 

Dactyl: proximal 
half dorsal margin 

Pollex: prehensile 
edge, median part 

Pollex: prehensile 
edge, median 

Dactyl: prehensile 
edge, median 

Dactyl: prehensile 
edge, median and distal 
part 

Pollex: prehensile 
edge, distal part 

Dactyl: prehensile 
edge, median part 

Dactyl: prehensile edge, 
proximal parts, inner, 
median and/or outer 
rows 

Pollex: prehensile 
edge, proximal parts, 
inner, median &/or 
outer rows plus en
larged space between 
rows 

Dactyl: prehensile 
edge, median part 

Pollex: prehensile 
edge, median part 

a. Dactyl: prehensile 
edge, distal part; 
length, shape, 
curvature 

b. Pollex: prehensile 
edge, distal part 

a. Dactyl: prehensile 
edge, distal part; length, 
shape, curvature 

b. Pollex: prehensile 
edge, median 
& distal parts; length & 
shape 

Indirect instrument 
gape: breadth 

Dactyl: prehensile 
edge, median & distal 
parts 

Dactyl: prehensile 
edge, distal part 

Dactyl: prehensile 
edge, median-&-distal 
part 

Structure Nos. 

3 
51 
78 

6,50,51 

58, 59, 60 

1,2 

81 

58, 59, 60 

58, 59, 60 

72, 73, 74 

72, 73, 74 

58, 59, 60 

72, 73, 74 

69,70,71 

53, 54, 55, 
56,57 

72, 73, 74 

58, 59, 60 

72, 73, 74 

66, 67, 68 

58, 59, 60 

72, 73, 74 
?76, ?77, 
66, 67, 68 

59,60 
?62,?63,?64 

48,49 

84 

72, 73, 74 

72, 73, 74 

72, 73, 74 

Inactor 

Contact Areas 

Outer manus, almost always 
ventral half 
Outer pollex 
Outer dactyl 

Lower outer pollex 

aa. Pollex: ventral 
margin. 

bb. Pollex: prehensile 
edge, median & proximal 
rows. 

Dactyl: prehensile edge, 
median part 

Pollex: proximal part 
ventral margin 

Outer manus: flat area 
at pollex base 

Dactyl: upper margin 

Dactyl: proximal dorsal 
margin. 
Outer manus: upper third, 
submarginal area & dorsal 
margin 

& lower margin 

Manus: ventral margin 

When actor engages from 
outer side: 
Palm: predactyl area 
Pollex: prehensile edge, 
inner row, extreme proxi
mal part 

When actor engages from 
inner side: 
Outer manus: cuff 
Outer manus: central, distal 
portion 
Pollex: prehensile edge, 
outer &/or median rows, 
extreme proximal parts 

Outer manus: central, 
distal area 

Palm: central distal area 

aa. Outer manus: heel 
area 

bb. Palm: Depression at 
pollex base 

aa. Outer manus: heel 
area 

bb. Oblique ridge inside 
palm & its upward extension 
Ventral edge, carpal 
cavity 

Guides to heel: 
Dactyl: subdorsal groove 
Upper manus: submarginal 

groove 

Outer Manus: subdorsal 
proximal area 

Proximal outer pollex 

Pollex: prehensile 
edge, median part 

Structure Nos. 

3 

51 
78,79 

6,50,51 

1,2 

53, 54, 55 
58, 59, 60 

72, 73, 74 

1,2 

5,6 

81 

81 

11-24 incl. 
(some or all) 

1 

1,2 

32, 33, 55 

53,54 

10 

35,38 

3,4 

46,47 

3,4 

39-43 incl. 

44 

80 
17 

3,13 

50 

58, 59, 60 

*See also Table 13 and Figs. 42,43, and 44. 
"Plus a different component related to the numbered one listed; data being analyzed. 



TABLE 14 (Continued) TABLES 653 
Ritualized Combat in UCA: Distribution of Components 

Known Occurrence of Component in Genus Uca 

Deltuca 

dussumieri 
coarctata 
urvillei 

dussumieri 
urvillei 

urvillei 

Thalassuca 

vocans 

vocans 

tetragonon 
vocans 

vocans 

vocans 

Amphiuca 

chlorophthalmus 
inversa 

chlorophthalmus 
inversa 

inversa 

Afruca 

tangeri 

tangeri 

Uca 

maracoani 

Minuca 

rapax 
pugnax 

rapax 

rapax 
pugnax 

rapax 
pugnax 

rapax 
pugnax 

rapax 
pugnax 

rapax 
pugnax 

Celuca 

pugilator 
cumulanta 
inaequalis 
stenodactylus 
lactea** 

pugilator 
lactea** 

pugilator 
lactea 

lactea 

pugilator 

pugilator 
cumulanta 
lactea** 
deichmanni 

pugilator 
lactea** 

pugilator 

pugilator 
cumulanta 
lactea 

pugilator 

lactea 

cumulanta 
lactea** 

pugilator 



654 APPENDIX C 

TABLE 15* 
UCA RAPAX. Composition of 154 Combats Observed at Cocorite, Trinidad, October 

13-17 and November 26-29, 1966 

NOTE: Combats are listed only if observation is believed to have included the first component 

Combats Between an 
Aggressive Wanderer Combats Between 
and a Burrow Holder Two Burrow Holders 

Homo- Hetero- Homo- Hetero-
Sequences of Components clawed clawed clawed clawed Total 

Manus-push only 
Manus-push + manus-rub 
Manus-rub only 
Manus-rub + dactyl-slide 

Dactyl-slide only 
Manus-rub + dactyl-slide + heel-&-ridge 
Manus-push + manus-rub + heel-&-ridge 

Manus-rub + heel-&-ridge 
Dactyl-slide + heel-&-ridge 
Heel-&-ridge only 
Manus-rub + interlace 

Heel-&-right + interlace 
Interlace only 
Manus-rub + heel-&-ridge + interlace 
Dactyl-slide + heel-&-ridge + interlace 

Manus-rub + dactyl-slide + heel-&-ridge + interlace 
Manus-rub + dactyl-slide + interlace 
Dactyl-slide + interlace 

Total 

1 
-

19 
1 

1 
1 
-

9ft 
1 
5**t 
-
_ 
-
1 
-
-
-
1 

40 

_ 
-

10 
13 

3 
i * * 

-
4** 

-
-
5t 

4 
2% 
-
U 
n 
2 
1 

49 

1 
2 

18 
3 

1 
1 
1 

4 
1 
5t 
-
_ 
-
-
-
-
-
-

37 

1 
2 

10 
6 

1 

-
-
2 
j * * 

1 
-
-
2 

-
-
1 
1 
-

28 

3 
4 

57 
23 

6 
3 
1 

19 
3 

11 
5 

4 
4 
1 
1 

4 
3 
2 

154 

*From Crane, 1967: 56, Table II. 
**1 heel-&-ridge component not followed by tapping 
f2 heel-&-ridge components not followed by tapping. 
11 combat with forceful ending included. 

TABLE 16* 
UCA RAPAX. Relative Frequency of Components in 154 Combats 

(From data in Table 15) 

Frequency (%) 
Component In 77 Homoclawed Combats In 77 Heteroclawed Combats 

Manus-push 6 4 
Manus-rub 78 77 
Dactyl-slide 14 44 
Heel-&-ridge 38 23 
Interlace 3 29 

*From Crane, 1967: 56, Table III. 
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TABLE 17* 
U. RAPAX. Divisions of 104 Combats of Known Duration 

Intensity 

Low 
High 
Total 

Duration Less than 20 sees. 

With Force 

10 
4 

14 

Fully Ritualized 

35 
46 
81 

Duration More than 60 sees. 

With Force 

0 
4 
4 

Fully Ritualized 

0 
5 
5 

Total 

45 
59 

104 

•From Crane, 1967: 66, Table VII. 

TABLE 18* 
UCA RAPAX. Behavior of Opponents. Following 148 Combats 

KEY: AW—Aggressive wanderer larger than opponent 
aw —Aggressive wanderer smaller than opponent 
BH —Burrow-holder larger than opponent 
bh —Burrow-holder smaller than opponent 
M —Mutual component(s) clearly present 
t —Burrow-holders dispossessed; waving resumption delayed more than 2 minutes 

Result 

Subsequent behavior 
apparently 
unchanged 

Resumption of 
waving by burrow-
holder delayed (less 
than 2 minutes 
except as noted) 

Wanderer's aggres
siveness reduced 

Combat Class 

AW & bh 
aw & BH 
BH & bh (BH = trespasser) 
BH & bh (bh = trespasser) 
BH & bh (on boundary) 

Subtotals 

A W & b h 
a w & B H 
BH & bh (BH = trespasser) 
BH & bh (bh = trespasser) 
BH & bh (on boundary) 

Subtotals 

A W & b h 
a w & B H 

Subtotals 

Totals 

General Combat Composition 

Low intensity only 

With No push 
push apparent 

1 

4 (IM) 
1 

6 

2 

2 

_ 

-
8 

5 (IM) 
15 (2M) 
7 
5 (3M) 
6 (2M) 

38 

4 
2 
3 

9 

4 

4 

51 

High intensity 

With forceful end 

No taps With taps 

5 (IM) 

1 

6 

-

-
2 

2 

8 

-

-
2 

2 

1 
2 

3 

5 

(IM)f 

(M) 

No forceful end 

No taps With taps 

1 
23 (6M) 
7 (3M) 
4 (IM) 
3 

38 

3 
1 
2 

1 (IM) 

7 

-

-
45 

3 (IM) 
13 (10M) 
3 (2M) 
5 

24 

2 

2 (IM) 

2 (IM) 

6 

1 (M) 

1 

31 

Subtotal 

10 
56 
21 
16 
9 

112 

11 
3 
9 

3 

26 
4 

6 

10 

148 

Total 

112 

26 

10 

148 

*From Crane, 1967: 67, Table VIII. 
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TABLE 20 
Waving Display in UCA; Distribution of Components 

KEY: + Component present. 
x Component present but weak. 
? Presence of component questionable (field observation or film record dubious). 

Subgenus 

Deltuca 

A ustraluca 

Thalassuca 

Amphiuca 

Boboruca 

Afruca 

Uca 

Minuca 

Species 

acuta 

rosea 

dussumieri 

demani 

arcuata 

forcipata 

coarctata 

urvillei 

bellator 

seismella 

polita 

tetragonon 

vocans 

chlorophthalmus 

inversa 

thayeri 

tangeri 

princeps 

heteropleura 

major 

stylifera 

maracoani 

ornata 

panamensis 

vocator 

burgersi 

mordax 

minax 

galapagensis 

rapax 

pugnax 

zacae 

Wave Forms 

1.
 

V
er

ti
ca

l 

+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
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4-

2.
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rk
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rt
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al

 

+ 

+ 

+ 
+ 

+ 
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+ 
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+ 
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+ 

+ 

+ 
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+ ' 
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8.
 

O
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+ 

+ 

Other 
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9.
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Subgenus 

Celuca 

Species 

pugilator 

uruguayensis 

crenulata 

speciosa 

cumulanta 

batuenta 

saltitanta 

oerstedi 

inaequalis 

tenuipedis 

tomentosa 

festae 

dorotheae 

beebei 

stenodactylus 

triangularis 

lactea 

leptodactyla 

limicola 

deichmanni 

musica 

latimanus 

TABLE 20 (continued) 
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TABLE 21 
Reference List of Components in Four Categories of Social Behavior in UCA 

(For explanation see text) 
Agonistic Postures and 

Ritualized Combat Waving Display Associated Motions Sound Components 
(pp. 488-491; Table 14, p. 652) (pp. 494-496; Table20. p. 658) (pp. 479-480; no table) (pp 482-484; Table 12, p. 644) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

Manus-rub 
Pollex-rub 
Pollex-under-&-over-slide 
Subdactyl-&-subpollex-slide 
Pollex-base-rub 
Dactyl-slide 
Upper-&-lower-manus-rub 
Dactyl-submanus-slide 
Interlace 
Pregape-rub 
Heel-&-hollow 
Heel-&-ridge 
Supraheel-rub 
Dactyl-along-pollex-groove 
Subdactyl-&-suprapollex-saw 

1. Vertical-wave 
2. Jerking-vertical-wave 
3. Semi-unflexed-wave 
4. Lateral-straight-wave 
5. Lateral-circular-wave 
6. Jerking-oblique-wave 
7. Reversed-circular-wave 
8. Overhead-circling 
9. Minor-wave 

10. Leg-stretch 
11. Prolonged-leg-stretch 
12. Leg-wave 
13. Curtsy 
14. Herding 
(Duration components omitted) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

Raised-carpus 
Down-point 
Frontal-arc 
Forward-point 
Lunge 
After-lunge 
Carpus-out 

_ Flat-claw 
Chela-out 
Lateral-stretch 
Creep 
Prance 
High-rise 
Legs-out 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 

Major-merus-rub 
Minor-merus-rub 
Minor-claw-rub 
Palm-leg-rub 
Leg-wag 
Leg-side-rub 
Major-merus-drum 
Minor-merus-drum 
Major-manus-drum 
Minor-chela-tap 
Leg-stamp 
Bubbling 
Membrane-vibration 
Claw-rub 
Claw-tap 
Interdigitated-leg-wag 



TABLES 661 

TABLE 22 
Coincident populations of subspecies in UCA 

NOTE: Specimens from localities marked with asterisk were collected personally; the others were examined in museum collections. 
Sources in Appendix A, pp. 597f. and 61111. Discussion in text, pp. 87, 294. See also maps 20, 21. 

Area 

New Guinea 

Philippines 
Sulu 
Mindanao 
G. of Davao 
G.ofDavao 
Panay 

Indonesia 
Celebes 

Java 

Borneo 

Malaysia 
Singapore 
Malaya 

India 

Subspecies of U. VOCANS 

pacificensis, vomeris: 
pacificensis, vomeris: 

pacificensis, vocans: 
pacificensis, vocans: 
pacificensis, vocans: 
pacificensis, vocans: 

-

-

-

hesperiae, vocans: 
-
-

Locality 

Port Moresby 
Madang* 

Jol6* 
Zamboanga* 
near Davao* 
Madaum* 

-

-

-

Bedok* 
-
-

Subspecies of U. LACTEA 

-
-

perplexa, annulipes: 
-

perplexa, annulipes: 
perplexa, annulipes: 
perplexa, annulipes: 

perpexa, annulipes: 

perplexa, annulipes: 

perplexa, annulipes: 

perplexa, annulipes: 
perplexa, annulipes: 

perplexa, annulipes: 

Locality 

-
-

Tawi Tawi* 
-

Malalag* 
Sasa* 
Iloilo 

Makassar, 
Para Pare 
Madera, 
Besoeki, 
Djakarta 
Pontianak 

Kallong* 
Port Dickson 

Pondicherry 

TABLE 23 
Comparisons of High Intensity Courtship Display Between Two Series of Allopatric Forms: 

A Possible Factor in Sympatric Coexistence (See p. 529) 

Area 

Fiji Is. 
Philippine Is. 
N. W. Australia 
Malaysia 
E. Africa 

Allopatric Group 

UCA DUSSUMIERI 

[absent] 
d. dussumieri 
d. capricornis 
d. spinata 

[absent] 

Display 

Jerks 
During 

Primary 
Wave 

-
Present 
Absent 
Absent 

-

Secondary 
Waves 

-
Absent 
Absent 
Absent 

-

Allopatric Group 

UCA, superspecies 
COARCTATA 

c. coarctata 
c. coarctata 
c. flammula 
forcipata 
urvillei 

Display 

Jerks 
During 

Primary 
Wave 

Present 
Present 
Present 
Present 
Absent 

Secondary 
Waves 

Weak 
Strong 
Weak 
Weak 
Absent 
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TABLE 24 
Sites of Field Work on UCA 1953-1970* 

Duration of Stay 
No. of (Number of Day-time Low Tides) 

Region Locality Visits 1 to 2 3 to 7 More than 10 

Eastern Atlantic 
Portugal: 

Nigeria: 

Angola: 

Indo-Pacific 

Ethiopia: 

Tanzania: 

Mozambique: 

Aden 

Pakistan: 

India: 

Ceylon: 

Malaysia: 

Singapore 

Indonesia: 

Australia: 

New Caledonia: 

N. E. New Guinea: 

Philippines: 

Hong Kong: 

Taiwan: 

Japan: 

Fiji: 

Tahiti 

The Algarve: Vila Real de 
Sto. Antonio to Sagres 

Lagos 

Luanda 

Massawa 1 

Pemba 

Zanzibar 

Dar-es-Salaam 1 

Inhaca I. 

Karachi 1 

Bombay 

Ernakulam 

Negombo \ 

Penang 

Negri Sembilan: 
near Sungei Dua 

Malacca 1 

Sarawak: Santobong 1 

Java: Semarang 

Surabaja 

Broome 

Darwin 

Gladstone 

Shorncliffe: near Brisbane 1 

near Noumea 

near Madang 

Sulu: Tawi-Tawi 

Jolo 

Mindanao: Zamboanga 

near Davao 

Palawan: Puerto Princesa 

Basilan R. 

Luzon: near Manila 

Kowloon 

Tamsui 

Kyushu: Ariadne Bay 

Viti Levu 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1 + 

1 + 

1 + 

1 + 

1 + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

i * * 

+ 

_l_** 

+** 

+ 

+ 

+ 

Bora Bora + 
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TABLE 24 {Continued) 

Region 

Eastern Pacific 

Costa Rica: 

Panama: 

Western Atlantic 

U.S.A.: 

Guatemala: 

Guadeloupe 

Martinique 

Barbados 

Trinidad- Tobago 

Guyana 

Surinam: 

Brazil-

Locality 

Golfito 

Panama City 

Massachusetts: Cotuit 

Florida: St. Augustine 

Miami 

Puerto Rico 

St. Thomas 

Puerto Barrios 

Georgetown 

Paramaribo 

Belem 

Sao Luiz 

Fortaleza 

Recife 

Sao Salvador 

Rio de Janeiro 

No. of 
Visits 

1 

2 

1 

2 

2 

3 

3 

1 

2 

1 

1 

Many 

2 

2 

1 

1 

1 

1 

1 

1 

Duration of Stay 
(Number Day-time Low Tides) 

I to 2 3 to 7 More than 10 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+** 

+ 

+ 

+ 

+ 

+ 

+ 

+t 

+ 

+ 

+ 

•Before 1953 work was also done on Uca, without cinematography, on the coast of Venezuela and, in the eastern Pacific, from 
southern California to the Gulf of Guayaquil. 

**Between one and two months. 
tSporadic work on Uca, including the use of crabberies, carried out at the William Beebe Tropical Research Station, Simla, Trini

dad, West Indies, especially during 1957, 1958, and 1962-1966. 
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I N T R O D U C T I O N 

As in every other branch of zoology, each worker 
who begins to study fiddler crabs quickly develops 
his own methods of work. Accordingly the para
graphs below will be most helpful to newcomers. 
Little will be said of particular instruments, since 
those available on the market change rapidly, often 
with improvements useful to a biologist in the field, 
while the disadvantages of any model may be soon 
corrected. 

On the other hand it seems worthwhile to include 
a number of suggestions for elementary aids to suc
cess. Many will seem obvious to a worker experi
enced in dealing with the minor crises that often 
loom when living animals, both delicate and strange, 
are the subjects of his study. Yet the simple solutions 
may not occur to him in time to avert a disaster to 
his efforts—whether these are attempts to fly a hun
dred healthy crabs across an ocean or merely to keep 
some fiddlers in a pail from kicking off their legs. 

TIMING OF FIELD TRIPS 

Many species in the tropics are socially active 
throughout the year, so that seasons may be disre
garded in the making of plans. This attitude is rea
sonably safe when the trip includes territory in the 
equatorial zone, extending from about lat. 10° N 
to lat. 10° S. Even here local peculiarities of climate 
are to be expected, when drought or excessive rain 
may immobilize the crabs. It follows that the only 
reliable course is to learn as much as possible about 
the seasons of the area before selecting dates for the 
trip. In out-of-the-way places letters to the govern
ment meteorological service, to the nearest museum, 

or to a school of agriculture should be sent, prefer
ably months ahead, in order to allow time for follow-
up correspondence. The enquiry should stress that 
average rainfall at the capital city or the average 
number of days on which rain falls during each 
month will not give the information desired; instead, 
detailed rainfall tables should be requested for the 
coastal zone over a period of years. In parts of the 
tropics which have long had stable governments, such 
as Singapore, there is of course no problem; in many 
other areas time and persistence are necessary. 

In the tropics outside of the equatorial zone, a sin
gle dry season usually contrasts strongly with a single 
rainy season and here information on the seasons 
and their variations becomes essential. The species 
that occur farthest from the open sea are subject to 
desiccation during the dry season and these popula
tions accordingly aestivate as need arises. Even when 
they do not do so, they show little or no social ac
tivity until after the start of the rains; on the other 
hand even species that breed throughout the year 
may show a peak of social behavior near the begin
ning of the rainy season, always in accordance with 
a characteristic lunar or semi-lunar cycle. For exam
ple, in the West Indies social behavior studies of the 
subgenus Minuca should be avoided from about the 
middle of January until May or June. Even though 
meteorological information is easily available in this 
region, annual variations in the arrival of the rains 
are sometimes striking and always unpredictable; if 
time or funds are short, it may prove helpful to ask 
a local field biologist to keep watch and cable when 
the crabs start waving; if such a correspondent does 
not exist, it would be almost equally helpful for an 
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acquaintance or official to cable as soon as the first 
strong downpour—not the first shower—occurs. 

In the subtropics temperature becomes a factor 
and, as in the temperate zone, most social activity is 
confined to the local spring and summer. The length 
of the season depends in general on the latitude, but 
adequate information has not yet been gathered. 

An essential tool in the planning of any field work 
is the volume of tide tables appropriate to the area. 
A complete set is published annually in English by 
both the United States Department of Commerce and 
by the British Admiralty. The tables permit the selec
tion for almost any suitable locality of appropriate 
periods for the visit; when only a short stay on a 
tropical shore is possible, such planning is fully as 
important as a knowledge of the seasons. If both the 
locality itself and the activity rhythms of the desired 
species are unfamiliar, it is best to arrive at least two 
days before the occurrence of a low tide around 
0800; often this tide occurs several days after new or 
full moon. If time is limited to a week or so, optimal 
populations can be located during the first two days 
of the stay when most species—with the tide low 
around 0600 to 0700—are not socially at their most 
active. Then, if the work period can extend through 
the week to include the day on which low tide occurs 
about 1300, the chances are good that the major part 
of the social activity cycle will have been observed. 
At least in tropical species, when the tide is low dur
ing the afternoon the populations show minimal so
cial activity even when heat is not excessive. In a few 
species waving display, but not combat, is resumed 
when the tide is sufficiently low between 1700 and 
dusk. In several species the most active periods of all 
fall between 1700 and 1800 as well as in the morn
ing between 0700 and 0900. Nocturnal social activity 
when present apparently takes place chiefly during 
periods of low tide before midnight, corresponding 
to the high activity of corresponding morning lows; 
many further observations are needed on appropri
ate species, however, during parts of the cycle when 
low tide takes place between midnight and dawn. 

Coasts having very irregular tides underline the 
need for special comparative studies of fiddler crab 
activity rhythms. Here during parts of the year the 
tide ebbs conspicuously only once every 24 hours 
and only during daylight or, as the tide tables put it, 
"low tide largely diurnal." At these times the diurnal 
highs and nocturnal lows are usually barely percepti
ble in the tables as very slight, brief reversals of flow 
direction that are virtually undetectable in the real 
world of a mud flat. A normal set of tides may or 
may not abruptly appear for a few days at or near 
the change of the moon; very often even these 
periods do not provide a diurnal low during the hours 
elsewhere found to be optimal for social activity in a 
particular species. Sometimes the tides are reversed, 

being low only at night for long periods. Good exam
ples of these and other irregularities appear on the 
Gulf coast of the United States, the north coast of 
Java, and the north central coast of New Guinea. All 
these conditions provide challenges to the investiga
tor and also, it would seem, to the crabs. A short-
term visitor can only aim for a morning or midday 
low occurring reasonably near full moon or new 
moon, and hope for the best. 

SELECTION AND USE OF SITES 

A vital factor in selecting for field work a particular 
stretch of shore is its history of pollution. Unfor
tunately, clean-looking small bays, margined ideally 
with mangroves or northern marshes, often turn out 
to be contaminated by runoffs from the inland use 
of agricultural pesticides, chemical fertilizers, and 
processing plants. Sometimes the health and behavior 
of the crabs appear to be unaffected. I found one 
happy example in Barbados, where a population of 
burgersi behaved characteristically, although the 
crabs shared a stream mouth with a sugar refinery; 
this plant was probably responsible for the vivid red 
that entirely suffused every individual in the popula
tion, a situation never found elsewhere. As we learn 
more of the effects on behavior and reproduction of 
pollution in other animals, however, the need for care 
in the investigation of local conditions becomes al
ways more apparent. This is especially true before 
work on species in which the criteria and ranges of 
"normal behavior" are as yet unknown, or when the 
forms to be expected are unfamiliar in life to the 
investigator. 

The importance of this factor in certain studies 
cannot be exaggerated. It becomes crucial, for in
stance, in comparative investigations of different pop
ulations of the same species. Another example will 
illustrate the uncertainties that can arise. Several 
summers ago on Cape Cod, Massachusetts, I concen
trated on observing the social behavior of an appar
ently typical population of pugilator. The site ap
peared ideal and reliable sources reported that no 
aerial spraying against mosquitoes had taken place 
over the small cove for three years; in contrast to this 
certainty, the runoff patterns from tilled fields and 
cranberry bogs, prevalent inland, were unknown; the 
collection of shellfish for food from the cove and ad
joining bay was permitted by the authorities, al
though areas a few miles away were blocked off as 
contaminated. 

The purpose of the study was to compare the so
cial behavior of the population here near the north
ern boundary of the species' range with that of pop
ulations in more southern localities. Individual 
components of waving behavior, courtship, threat, 
and combat proved to be entirely comparable to 
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those previously observed in Connecticut and Flor
ida; the crabs appeared to feed as energetically as 
usual in the genus; finally, that particular summer 
included a proportion of warm and sunny weather 
that was normal for the locality. Yet the amount of 
social activity of the crabs was far below that of more 
southern populations. In particular, bouts of waving 
and combat were rare and the periods devoted to 
these activities exceedingly short. I ended the season 
uncertain as to whether I had been watching an in
teresting effect of climate, or whether pollutants were 
after all at work, or both. Data accumulated on 
gonads and egg production have not yet been 
analyzed. 

Fiddler workers will keep in mind a sharp division 
between artificial pollution and the presence of natu
ral sewage, which gives one of the best guarantees of 
a rich and varied fauna of Uca. Such a favorable lo
cation is often easily spotted from the air in the trop
ics, as the plane circles for a landing, since it charac
teristically includes thatched huts, preferably on 
stilts, along the edge of a cove partly fringed with 
mangroves and flanking the mouth of the usual 
stream. Small fishing boats drawn up on such a shore 
almost insure good crabbing, except close to the fre
quent turmoil at the landing place itself. 

In selecting such sites, it is useful automatically to 
remember three points. First, a close association 
often occurs here of species that are not usually sym
patic; accordingly the assembly is in that particular 
atypical. Second, in future studies of the effects of 
crowding we shall very likely find that even con-
specific members of such populations behave differ
ently in some ways from aggregations with more 
space among the burrows. Finally, no able-bodied 
observer of fiddlers should avoid wading into the 
mud as usual and getting down to his customary 
crab's eye point of view. 

Work in tropical mud deserves amplification. 
Aesthetically the experience practically never proves 
displeasing; regardless of their unsavoury reputation, 
mangrove swamps and flats frequented by thriving 
fiddlers smell only of good, flourishing vegetation 
and the fresh odor of tide-washed mud and salt air. 
We counteract the slight risk of infection after work
ing near houses by scrubbing when back at the field 
base with soap and water to which we add a liquid 
disinfectant; the local pharmacy always carries some 
appropriate and usually familiar brand. As a further 
precaution we apply additional solution after wash
ing to any area of skin that came in contact with the 
mud and allow it to dry there. Since modern workers 
take whatever prophylactic measures against disease 
that have been professionally recommended, most 
health risks are small. In the mud, especially, these 
include the danger of infection of small cuts, which 
should be well protected. Otherwise, nowadays most 

indispositions are fortunately quickly curable, al
though they can be exasperating wasters of time and 
opportunity. In brief, only the local prevalence of a 
serious epidemic should keep a healthy worker out 
of the mud. 

When a newcomer to a region is unfamiliar with 
the appearance of the local species in the field, he 
may not be able to recognize them in spite of pre
liminary work on preserved specimens. This difficulty 
may be partly because in each species the individuals 
show great variation in proportions due to allometric 
growth and to contrasts among males that are strong
ly leptochelous or brachychelous; almost all popula
tions also show a striking range of color differences. 
Biologists who are not systematists sometimes feel 
understandably reluctant to become familiar with the 
morphological features of gonopods, preferring to 
concentrate on characters that do not need a lens, 
much less a microscope. Yet if a worker takes time 
before the trip briefly to investigate gonopods of ex
pected species, he can catch sample males in the field 
and usually identify them in the hand with a pocket 
lens; when time in the locality is limited, this rapid 
certainty proves rewarding. 

Finally, as will be amplified below, in work with 
unfamiliar species it seems best not to cut down on 
observation time in favor of operating cameras and 
other demanding instruments. Human eyes, binocu
lars, and patience give the best foundations. 

EQUIPMENT AND ITS USES 

The selection of instruments and supplies, and the 
divisions of time for their use, depends of course on 
the primary interests of the investigator, not to men
tion the size of his budget. The following remarks 
therefore provide rough guidelines only. 

Binoculars. In my experience this important instru
ment's most desirable characteristics, aside from 
good optical quality, are light weight to aid prolonged 
use without shifting position, and adjustment to per
mit short-range focusing, preferably to less than 2 
meters. The ideal magnification for me is yj. Un
like its effect in bird glasses, a narrow field is not a 
disadvantage. 

Motion Picture Photography. For all serious motion 
picture work on fiddler crabs a 16 mm camera of 
professional caliber is essential. Lesser instruments 
at present do not seem sufficiently flexible for the 
demands of the work and in particular are inadequate 
for photographing in sufficient detail for ethological 
analysis many of the significant motions of individ
uals. The most useful lenses, all telephotos, have 
proved to be 63, 135, and 150 mm in focal length, 
respectively. The 63 mm lens gives the greatest mag
nification and good depth of field for small crabs that 
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allow a close approach, since in the particular model 
used the lens can be racked out without removing it 
from the camera; extension tubes, which under field 
conditions are at the least inconvenient, become un
necessary. The 150 mm lens makes possible usable 
films of excessively shy populations. When air travel, 
combined with the need for taking other heavy 
equipment, makes it desirable to carry minimal cine 
gear, I take only the camera, two magazines, and the 
135 mm lens along with its adapter; a camera case is 
omitted, since everything can be safely padded with 
clothing in a suitcase during travel; in the field plas
tic bags and an umbrella protect the instruments and 
film from mud and the weather. Styrotex picnic boxes 
are efficient insulators against heat and can usually 
be bought locally; otherwise the ubiquitous plastic 
pail serves well. 

Exposure at 24 frames per second proves better 
than at 16 frames, not only because a sound track 
can then be added later if desired but because, since 
more frames cover a given action, inspection of fine 
details in projection or under a microscope is facili
tated. 

Color film, in spite of its relative slowness and the 
extra expense, is far better than black-and-white for 
observing and analyzing the motions of waving dis
play, combat, and sound production, whether during 
ordinary projection or special analyses; on black-
and-white film the crabs tend to merge with their 
backgrounds so that their morphological details can 
be frustratingly indistinct during attempts to distin
guish, for example, their methods of stridulation. 
Since I have always used color film, I did not ap
preciate its advantages during analyses until good 
quality black-and-white prints were made to save 
the original from wear caused by repeated projec
tions; the experiment was not a success, when judged 
even from the limited viewpoint of eyestrain alone. 
With care, projection does not hurt the original and, 
with specially important footages, an investment in 
color duplicates can and should be made. 

No matter how limited the budget, ample film 
should be carried on a trip if at all possible; it should 
be exposed in quantity even if conditions are not 
optimal; many important insights into fiddler behav
ior, and suggestions for future work, were obtained 
through rerunning films made months and years later 
from film exposed for quite different reasons and 
often in bad weather. 

For any behavioral study it is unsatisfactory to 
include many individuals in one frame in the hope 
of being able to analyze display and details of social 
interchanges in this way of an entire group. Details 
are invariably disappointing, and the use of long 
shots is, for serious film analysis, strictly limited. An 
exception that has not yet been tried will probably 
prove to be wide-angle photography directed verti

cally down on a population to record the progress of 
aggressive wanderers and of wandering females, or 
to determine the division of waving and non-waving 
time in individual burrow-holders. Because of the 
shortness of reels and the expense of film this proj
ect, when instruments improve in resolution, will 
probably be found to be a very suitable use for a 
television camera. 

During film analysis, the duration of components 
and their parts are determined by counting the indi
vidual frames, either manually through a microscope 
or by means of the counter on a projector for time-
motion studies. Accordingly, after every season in 
the field and more often after rugged use, the cam
era's motor should be checked to ensure the accuracy 
of its indicated speed. 

Video Equipment. At this writing videotape is not 
yet available in color in portable television equip
ment. Since black-and-white videotape is not nearly 
equivalent in definition to color motion picture film, 
and because of other shortcomings, videotape images 
do not replace motion picture close-ups for etho-
logical analysis. Nevertheless video equipment proves 
invaluable as a means of inexpensively recording 
large numbers of repetitions of the gross characteris
tics of waving displays; these sequences can deter
mine reliably ranges in variation in such categories 
as duration of individual waves, height, and angle of 
the major cheliped, and elevations of the ambula
tories during display. The equipment also serves ex
cellently as a monitor close to the mouths of one or 
more individual burrows, since it can operate unat
tended for long periods. Finally video work is the 
only technique now available for proving that cer
tain motions result in sound, the synchrony of sound 
and image being perfect. Related comments will be 
found in the following paragraphs. 

Microphones, Tape-recorders, and Batteries. As far 
as is known, fiddlers do not make high-frequency 
sounds; accordingly the range in a good microphone 
for general use proves adequate. Future work may 
well show that certain kinds of stridulation produce 
high-frequency, airborne sounds, comparable to 
those of some orthopterans; if so, special equipment 
will of course be needed. 

Tough, small, contact microphones, when pressed 
into the substrate close to the crab, are at present the 
most useful instruments for receiving fiddler sounds 
transmitted through the substrate. A variety of in
expensive hearing aids and guitar amplifiers have 
been used with success by others and by me. 

Microphones capable of picking up airborne 
sounds produced by such components as leg-twid
dling are expensive. I have had no success with any 
except a strongly directional instrument. Even the 
best must be used very close to the performing crab; 
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they are far more delicate than contact microphones 
and must be protected from direct contact with both 
substrate and moisture. For these microphones a 
small windscreen is essential and its size is impor
tant; although a large one may be more efficient, it 
may then constitute for the crabs a strange object 
of such importance that they need more than a few 
minutes to become habituated; sometimes a selected 
individual will not again during that particular low 
tide ever become active, or even reemerge from his 
burrow sufficiently close to the microphone for its 
operation. 

Tests with two models of hydrophones were fail
ures, since each instrument picked up subsurface 
sounds from, apparently, a number of neighboring 
fiddlers; not enough is yet known of fiddler sounds 
for the observer confidently to disregard all except a 
particular sound, much less to attribute each correct
ly to sex, phase, and species, or even usually to be 
certain that the producing animal is a fiddler. As 
soon as sufficient knowledge is accumulated, hydro
phones, because of this very sensitivity, will certainly 
prove invaluable. For example they should serve well 
to detect social situations underground, to determine 
the presence and distribution of males and perhaps 
females when producing sounds deep in their bur
rows, and to detect antiphonies and choruses. 

Tape-recorders of sufficient toughness for travel 
and for hard use in the tropics are now fortunately 
prevalent. In my experience their weak points remain 
their batteries. If rechargeable types are carried, 
along with a range of adapters for foreign electrical 
outlets, the problem is only partly solved. The best 
of them soon become weakened and hold their 
charges inadequately, even when they are fully re
charged after each use. The trouble sometimes re
sults from weak voltage in the local current; in this 
case charging for long periods—for example for 24 
consecutive hours—sometimes will yield several 
needed hours of current in the field. More often the 
only reliable solution is to rent or buy a car storage 
battery. If power is needed daily at the same site for 
a week or more, and if the chosen spot is either suffi
ciently guarded, fenced, or isolated, the battery may 
be wrapped after use in a piece of plastic and left on 
a board above the level of high tide. Unfortunately, 
in perhaps most parts of the world likely to be visited 
by a short-term field worker the object would prove 
to be such a temptation to pilferers that its weight 
would be no deterrent. Nevertheless its dependable 
power is worth a large sum in car-hire money, per
haps not otherwise needed, to take it to and from 
the base. 

Still Photography. The general methods and equip
ment employed in macrophotography of small living 
animals are altogether applicable to fiddler crabs, 

although the uses of such photographs are limited. 
Because of the fast and complex movements of so
cially active individuals, still photographs are almost 
always less useful for ethological study than in many 
other groups of animals. One needs to be able, for 
reconstruction of memories after field work and for 
comparative analyses, to review action patterns 
rather than simple postures. Obvious exceptions ex
ist, such as various threat positions, the highest point 
a cheliped attains in waving display, the form of a 
structure beside a burrow, and the position held dur
ing a surface copulation; nevertheless these useful 
pieces of patterns are few. Again, color photographs 
show limitations in recording color changes. For sci
entific use, at least, a well-exposed sequence on color 
motion picture film, made at a suitably close distance, 
is worth much more than a series of stills in illustrat
ing any aspect of fiddler behavior, and requires far 
less precious field time. The relatively poor quality 
of single frames for reproduction is counterbalanced 
by the wide choice of the moment to be illustrated. 

Tripods. In most sequences it is extremely important 
to photograph the crabs close to ground level, as near 
as feasible to a crab's eye view. When taken from 
other angles the films may not show details vital to 
ethological analysis and correct interpretation. For 
example, a display sequence shot obliquely from 
above often cannot settle whether the major cheliped 
touches the ground in a drumming component, 
whether ritualized drumming occurs instead, or 
whether, in contrast, the major merus is vibrating 
against the suborbital region. On the other hand, oc
casional long shots and wide-angle views require 
normal heights for the camera. 

A necessity therefore is a tripod with adjustable 
legs which when fully contracted measure less than 
10 inches long. Such lengths are readily available in 
"table-top" tripods; unfortunately none of these 
models has the requisite strength to support the 
heavy, tilting, tripod head that must be added, plus 
the weight of a professional 16 mm motion picture 
camera, or of a television unit. If a light tripod is 
used, the film shows the effects of vibration, while a 
weak and unversatile head both fails to hold the 
camera at an angle and cannot cope with some of the 
work's demands. Finally, the design of the tripod's 
legs is important, since in spite of a large diameter 
they must be quickly sinkable, with the aid of strong 
distal points and a trowel, into firm substrates for 
further height reduction, while the locks on the joints 
must work easily for rapid extension at need. Fre
quent cleaning and oiling help avoid lost opportuni
ties; as any photographer knows, few frustrations ex
cept a stuck camera are worse in a crisis than a balky 
tripod. 

Although at least one adequate model used to be 
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available, it is no longer manufactured; at present a 
machinist must generally be asked to alter a heavy 
duty tripod to the desired specifications. While it is 
always possible to use a standard model sunk deep 
in a pit, the digging wastes time, proves impracticable 
in underlayers of coral or rock, slows position shifts, 
and, most important, messes up the habitat. It is far 
better to travel with a suitable instrument. 

Collecting Tools. The best all-around tool for catch
ing fiddlers is a gardening trowel. This implement is 
unknown in many parts of Asia and no substitute 
proves as useful, with the occasional exception of the 
human hand. Accordingly it is advisable to carry a 
heavy model of stainless steel; the handle and scoop 
should be forged in one piece; lighter designs will 
probably not last out the trip. 

When crabs are wanted merely as preserved speci
mens, members of small species with shallow burrows 
can often be dug up efficiently by wielding the trowel 
as fast as possible and dropping the crabs into pails 
variously supplied with liquid, as described in a later 
section. Difficulties arise when the crabs are larger 
and live in deep burrows, when they are aestivating 
or hibernating in hard ground, when the substrate is 
laced with roots or rhizophorae, when stones are 
prevalent, or when the burrows extend into coral or 
creviced limestone. Under any of these conditions the 
collector must simply take whatever measures sug
gest themselves, from depending on difficult digging 
by hand, through the use of a shovel, to changing his 
activities to more cooperative terrain. 

When large general collections are needed and no 
selection of individuals is required, the fastest method 
is to borrow a shovel and persuade a cooperative 
adult to wield it at a distance from the site of etio
logical observations; troops of enthusiastic small 
boys should be provided with jars or pails and re
warded for staying far away. 

When particular individual crabs must be caught, 
whether as records following observations, after film
ing, or for transport alive to crabberies, a trowel still 
proves to be the most convenient tool. This proce
dure can never be hurried. The direction of the pas
sage that slants downward inside the burrow mouth 
must first be determined. When the crab is in its bur
row, the collector moves, with as little vibration of 
the substrate as possible, to a position on one side 
of the hole so that the trowel can be held vertically, 
close above the ground under which the passage lies 
and several inches from the hole itself. As the crab 
starts to emerge and before it becomes aware of 
strange objects close by, the blade thrusts swiftly into 
the ground, scooping underneath the crab and block
ing its retreat. Although the subsequent capture and 
handling will shock the crab it recovers quickly. 
When the individual is destined for a crabbery it 

should be placed at once in a dish by itself, as de
scribed in the section on crabberies. If a trowel is not 
available, individual crabs may be similarly cut off 
from their burrows with any broad blade; butcher 
knives, machetes, and even a Malay kris have all 
worked. 

One method seems most effective for seizing male 
fiddlers so that their appendages remain in place and 
their claws do not pinch human fingers. The system 
works even when a large male is sitting at arm's 
length in the bottom of a burrow. It consists of grasp
ing the crab by placing your thumb firmly against 
the posterior part of his carapace and then using 
your fingers, with the first one bent above his major 
dactyl, to push his claw into the flexed rest position 
in front of his mouth region and to hold it there. If 
the crab is in a high intensity threat position above 
ground, with the claw "open," you must meanwhile 
force his major dactyl slowly down against his pollex 
with help from your other hand. Even females should 
be grasped similarly to prevent their losing some legs. 

Marking Paint. Several opaque, fast-drying lacquers 
are available in artists' supply stores and hobby shops 
that are suitable for marking crabs. The brands 
selected by behavioral entomologists for use on bees 
and other insects are often appropriate. Providing 
the carapace and outer major manus of individual 
crabs are cleaned and dried before marking, and the 
marked crab kept in a dry pail for several minutes 
before releasing, the paint needs renewal in outdoor 
crabberies only about every four weeks, unless of 
course an individual molts. 

I have not yet had success in marking crabs either 
in the field or in crabberies with spray paint. Out-of-
doors air currents blow the spray even on calm days 
so that it either misses the target crab or gets in its 
eyes or soft areas connecting segments. When this 
happens the fiddler interrupts its activities to rub eyes 
or legs with other appendages; sometimes paralysis 
of an appendage occurs and sometimes captive crabs 
have soon died after showing one or more symptoms. 
I have watched similar effects on salticid spiders and 
butterflies when the paint by accident flowed over 
sensitive areas. An array of brands should be sys
tematically tested in the home laboratory and per
haps a suitable formula concocted. 

Sometimes particular crabs in the field can be 
touched with a brush fastened to the end of a dark-
colored, slender, flexible rod of bamboo or other 
material. My chief difficulty in limited attempts has 
been that when lacquer dries fast enough to stick on 
the crab's next abrasive trip underground it also dries 
before the target crab can be touched, as I wait with 
the rod poised above its burrow. No matter how 
habituated it has become to an observer, it retreats 
almost inevitably before the paint-filled brush can be 
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eased down to touch it; therefore the actual dab must 
await its emergence. Nevertheless some variation of 
this technique should be made eventually to work. 

Color of Clothing and Equipment. Like birds and 
many other animals, fiddler crabs—easily startled by 
strange objects and abrupt motions—are keenly sen
sitive to moving objects that contrast with the sub
strate. Accordingly, in order to encourage their rapid 
habituation to a nearby human being, experienced 
observers avoid fast or sudden motions, white or pas
tel clothing, and large expanses of untanned Euro
pean skin. Tennis hats can be tinted in coffee or tea, 
while a felt-tipped pen or crab-marking enamel will 
blacken the shine on a camera's chrome trim. 

F I E L D DATA 

In the study of Uca it seems more important than in 
many groups that all notes, films, and recordings be 
accompanied by plentiful data on both meteorology 
and ecology. This necessity is caused by the impor
tance of weather, circadian and other rhythms, and 
even microhabitats in the behavior of the crabs. The 
data include ideally the following information: exact 
geographical location, including any local names in 
dialect that might simplify the location of the study 
area by a later worker; date; time; weather during the 
period, as well as any special events, such as a 
typhoon m the recent past; temperature both at the 
surface and within a burrow; substrate; proximity 
and type of vegetation; associated species of Uca and 
other animals; size and degree of crowding of the 
population; relative numbers of displaying and non-
displaying males; evidence of partial isolation of dis
playing males in a lek-like formation; prevalence of 
aggressive wanderers; number of wandering females; 
proportion of ovigerous to non-ovigerous females; 
presence and proportion of young; color phases and 
their distribution; information related to possible pol
lution. It is convenient when reviewing notes to find 
at the beginning of each day's data a note beside the 
date giving the time of low tide and the phase of the 
moon, such as "low 0850; 3rd day after full," even 
though this information, unlike the rest, is readily 
retrievable at home. 

Especially important are records of precise display 
circumstances surrounding the observation or filming 
of particular episodes. All of these written details, 
particularly of short film-sequences made on poorly 
known species, prove exceedingly useful when analy
sis is under way, months and sometimes years later. 
For example, helpful notes will include whether the 
filmed display appeared to be of high or low inten
sity, and whether the behavioral fragment was appar
ently elicited by the presence of a female beyond 

range of the lens or by another male making some 
particular motion. 

When either a species, a locality, or the behavior 
on which I intended to concentrate was unfamiliar, 
it seemed essential to devote time for as long as pos
sible—whether the first low-tide period or, in a long 
stay, a week or more—to observations and note-
taking only, with photography and recording saved 
for later sessions. When this course was followed, the 
non-observational chores could all be planned and 
carried out far more intelligently. For me attempts 
to combine in a single session the use of camera and 
recorder with observation resulted in poor work in 
both areas. Odd notes scribbled inconspicuously, 
while waiting between instrument set-ups and their 
operation, sometimes of course prove invaluable, but 
they probably should be viewed as unexpected divi
dends; because of the division of attention, they may 
prove unreliable. As described in the preceding para
graph, exceptions are the descriptions of circum
stances surrounding an episode, which should be 
written immediately after filming or recording. 

A final exception to the postponement of the use 
of equipment seems to me to exist when, in a far-off 
place, a concatenation occurs that consists of very 
brief field time, uncertain weather, and rare or un
expected species; then it usually proves wise to pho
tograph a few representative waving displays as rap
idly as possible and so, in the photographer's phrase, 
"get some film under your belt." 

DATA FOR ALLOMETRIC STUDIES 

The growth characteristics of series of individual fid
dlers were investigated in different populations of a 
number of species. In previous studies of the chang
ing proportions of the major cheliped to the body, as 
in Huxley, 1924, the investigator selected the rela
tion of the weight of the major cheliped to that of the 
total weight of the crab. 

In the present study this procedure proved unsat
isfactory and linear proportions were substituted. 
The relation of the carapace length to that of the 
propodus (major manus plux pollex) appeared to be 
the most useful and convenient. Efficiency in the use 
of the material required that at least these two meas
urements be made at the field base rather than at the 
home laboratory, since in spite of care some claws 
become detached during travel. In detailed growth 
studies of large collections all needed additional 
measurements should of course be made at the same 
time, to keep the measurements of individuals of the 
same length distinct. Since caliper measurements can
not be accurately made at less than about 10 mm, 
and because of the usual dearth of microscopes with 
micrometer scales at field bases, it is often necessary 
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to take the time gently to flex the major cheliped 
against the front of the body of each small crab and 
tie it in place before packing for travel. Every meas
urement can then be taken with confidence at home. 

This use of meristic relationships does not share 
several disadvantages characteristic of weight pro
portions, even when only ratios of major claw to 
body are investigated. First, preserved individuals do 
not lend themselves to any technique of weighing that 
makes the results acceptably comparable, in the ab
sence of information on the effects of chemicals on 
the organs. Different kinds, strengths, and sequences 
of preservatives must, it seems, affect the weight of 
the material differently. Again, no formula has been 
devised to regulate the time to be given for draining 
off the liquid which would make the weights of crabs 
of different sizes fully comparable. Even if all speci
mens are thoroughly dried before weighing, the val
ues obtained are probably undesirably artificial. Sec
ond, even if in contrast living specimens are weighed, 
each comparably dried and drained of water from the 
branchial chambers, the weighing must be done on a 
sensitive balance. Yet in most of the places where I 
made collections it was impossible to bring an ade
quate instrument and living crabs together. On tests 
in Trinidad, where we had a suitable balance, the 
total weight of a crab changed as much as 20 percent 
in either direction between weighing within two hours 
after capture and weighing again after one week in 
the crabberies. Significant variations in weight pre
sumably occur also in crabs living under natural con
ditions. For example, when crabs in the dry season 
have not been feeding regularly, the general body 
weight may be expected to be less with respect to the 
major claw, the weight of which consists largely of 
the integument. It is obvious that linear proportions 
do not share these disadvantages. 

PRESERVATION OF SPECIMENS 

In preserving specimens of Uca for general study in 
the laboratory the following system has been adopted. 
It forms a compromise among several methods fa
vored by various investigators. Its advantages for the 
needs of the present kind of study are the following: 
a minimum number of specimens lose their chelipeds; 
the internal organs are well preserved; the joints of 
the appendages are eventually left flexible enough 
for convenient manipulation. Although these inter
segmental areas remain somewhat stiffer than in 
specimens placed sooner or solely in alcohol, the 
improved condition of the internal organs appears 
to give more than adequate compensation. 

Jars or plastic pails are partly rilled with 4 percent 
formalin made with fresh water in which crustaceans 
have already died. This solution, carried daily to the 

collecting site, is used repeatedly and becomes in
creasingly effective. The animals in a well "ripened" 
solution succumb quickly with practically no struggle 
or autotomy, while the formalin prevents the internal 
decomposition which so often begins in the heat of 
a mud flat. 

In the field base, whether laboratory or hotel room, 
the specimens are drained, rinsed gently in tap water, 
and covered to twice their depth with 4 percent for
malin, previously unused, to which borax has been 
added in the proportion of one tablespoon per gal
lon. After seven days the crabs are changed to 70 
percent grain alcohol and this, after another week, 
is changed once more. Crabs may be left longer than 
one week in formalin, but should be transferred to 
alcohol at the first opportunity. In many foreign 
countries pure ethyl alcohol (C2H5OH) is both pro
hibitively expensive and difficult to obtain. Here 
ethyl alcohol that has been slightly adulterated under 
government control, to make it unfit for drinking, is 
often both usable for crab preservation and readily 
available. Methyl (wood) alcohol (CH3OH), how
ever, should never be used except as a temporary 
last resort. 

Sufficient full strength formaldehyde, with its bot
tle tightly sealed, padded and packed in a taped plas
tic pail, can safely be carried by air as checked bag
gage in sufficient quantity to last throughout a long 
field trip. In its place, emergency supplies can almost 
always be obtained in small tropical towns from the 
local undertaker, if not from a pharmacy; the only 
difficulty is the prevalence of holidays. 

In an extreme emergency full-strength rum, whis
ky, arrack, or other hard liquor may be used full 
strength, but it should be replaced with a conven
tional preservative as soon as possible, since the 
specimens soften while the appendages gradually 
drop off. If a high-proof grade is available, it should 
of course be selected. 

If formalin is not carried from the field base onto 
the mud flat and the crabs are alive on the return to 
headquarters, they may be placed in a refrigerator 
freezer for an hour, then well covered with 4 percent 
formalin and returned to the refrigerator overnight; 
at this time they should not be stored in the freezer 
compartment. After that washing and change of solu
tions continues as before. Or, on being brought from 
the field and in the absence of refrigeration they may 
be killed by covering to twice their depth with 10 to 
15 percent formalin for 20 minutes. Washing, 4 per
cent formalin, and subsequent steps then continue as 
usual. The disadvantage to the latter technique is that 
while it prevents autotomy and struggle it leaves the 
legs permanently less flexible than any of the other 
methods. However in my opinion it is still preferable 
to the sole use of alcohol on either living or dead 
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crabs, if both intact legs and well-preserved internal 
organs are desired. 

Tweedie's suggestion (1950.2) for placing tropi
cal grapsoids as soon as caught into wide-mouth 
thermos jars of ice water with floating ice is, as he 
recommends, unexcelled for small, delicate crabs, 
particularly of certain Indo-Malayan genera. The 
containers are, nevertheless, unwieldy and unneces
sary for most XJca. A modern compromise is pro
vided by styrofoam picnic boxes, in which ice can be 
heaped around plastic containers each holding a little 
ice water, in which the crabs can be dropped upon 
capture. 

Well-preserved crabs travel successfully by air, 
when both the expense of weight and regulations 
against the transport of alcohol are factors, if the 
specimens are packed in plastic pails with only a 
small amount of preserving liquid and a layer of cot
ton or cloth soaked in weak formalin or water on 
top. Labeled packets of groups or individuals to be 
kept separate may be wrapped in porous material, 
such as cheesecloth, and tied with string. The pail's 
cover is sealed on with freezer tape. Needless to say, 
the crabs should be unpacked promptly on arrival 
and immersed in suitable preservative. 

T R A N S P O R T A T I O N O F L I V I N G C R A B S 

For ethological work in crabberies the only feasible 
system of transportation has proved to be the follow
ing. Individual crabs are selected in the field, col
lected as described above (p. 669), washed off by 
submersion in a clean plastic pail that has never been 
used for chemicals and is filled with seawater, and 
then placed at once, while the collector is still at the 
site, in a plastic refrigerator dish large enough to 
allow the crab ample space to move about. A small 
amount of the local seawater is added, not sufficient 
even fully to cover the bottom of the dish. The lid is 
taped on, preferably with freezer tape, since its adhe
sion is unaffected by water. Each dish is placed in the 
nearest patch of shade until time to return to the 
field base; it is never moved abruptly. If at any stage 
the journey involves transportation by car over a 
rough road, the dishes are protected by padding from 
both shock and engine heat; if styrofoam picnic 
boxes are available, they provide additional insula
tion for groups of the dishes; the car is driven slowly. 
The captures are preferably made one to two days 
before departure from the field base for the home 
laboratory. Local seawater, preferably taken at high 
tide from the shore where the crabs were captured, 
is brought to the local base in plastic pails that, as 
usual, have not been used for chemically preserved 
specimens. Each crab is submerged in a tumblerful 
of the water and allowed to move about freely at least 
once before traveling, while its dish is cleaned with 

more of the seawater, thus removing mud and faeces. 
After each cleaning the crab is replaced in its dish 
with seawater only a few millimeters deep; the 
amount depends on the size of the crab and should 
be only enough to enable it to moisten its gills 
through the afferent apertures when it settles on the 
bottom. If the air is tropically humid, even less mois
ture is used in the final servicing before travel, since 
the moisture will condense at lower temperatures 
during flight, or during a cold-weather arrival in the 
north. For reasons still unknown, a fiddler's chance 
of survival is decreased when more than minimal 
water is provided; it may be that waste matter dis
solved in the water acts as a poison. The boxes are 
sealed as usual with freezer tape. No food should be 
provided; fiddlers have been carried for seven days 
with no food and even without a change of water, 
providing they have been prepared for travel as just 
described. Ideally, as in a trip across the Pacific, a 
long voyage should be broken at, for example, Hono
lulu, and the containers cleaned, with the water re
plenished by freshly dipped, fully marine, unpolluted 
seawater, taken preferably at high tide and always in 
an uncontaminated plastic pail; no attempt should be 
made in the middle of a trip either to feed the crabs 
or to provide them with water from a local mud flat. 
When transporting crabs on long trips by sea the 
water may of course be provided from mid-ocean; 
even the crew on large liners seem to enjoy this kind 
of request, but must be warned to dip the water after 
leaving a polluted harbor and not to take it from near 
one of the ship's waste outlets. The crabs feed well 
on a trip of this kind on ordinary food for marine 
fish or for turtles; a few pellets should be provided 
once a day after cleaning, and removed within one 
hour. The dish should then be cleaned again and 
fresh seawater provided. 

In the more usual trip by air, every attempt should 
be made to carry the crabs into the cabin and not 
ship them either as checked baggage or as air freight. 
In order to carry more than a small box or flight bag 
of specimens in the cabin, requests should be made 
well ahead to the local airline representative; in out-
of-the-way places impressive letters of identification 
help, especially when stamped with institutional 
seals; in addition, polite persistence is usually essen
tial. Sometimes the agent refers the matter to the 
pilot. 

In case all persuasion fails and the crabs must be 
checked in the baggage compartment, the individual 
dishes should be packed in styrofoam boxes, which 
provide some degree of insulation, and marked clear
ly that the contents are live animals to be kept up
right and away from heat and cold. An airline should 
not only be selected that is known to maintain the 
baggage compartments at cabin temperature and 
pressure, but the point should be rechecked locally 
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before departure. "Approximately cabin tempera
ture" sometimes turns out to be less than 15° C, 
which can kill a tropical crab. We do not yet know 
the effects of moderate but swift changes in pressure. 
I have had few occasions to carry crabs in small, un-
pressurized planes; the flights were always short and 
at low altitudes; no ill-effects were apparent. 

If it is absolutely necessary to send crabs by air 
freight, they should be completely routed ahead of 
time, with space reserved for each leg of the voyage; 
day flights with stops at tropical airports should be 
avoided even when no transshipment is needed, since 
baggage compartments often heat up rapidly when 
the plane is on the ground; a transfer between air
lines should also be avoided, unless it can be handled 
personally by an acquaintance, since in spite of the 
labels boxes can easily be left out-of-doors in freez
ing or torrid weather long enough to kill the entire 
contents; such shipments are always a gamble and 
the worst must be expected. 

Two examples will emphasize the varied fortunes 
to be encountered during transportation. I have car
ried 92 living specimens of Vca arcuata, including 
adults and young of both sexes, from Japan to Trini
dad without a single death; water was changed once, 
during an overnight stop in Honolulu; the entire trip 
took six days. On the other hand, another trans
pacific collection of about 100 specimens of several 
species, including arcuata, was lost; I assembled, 
packed, and routed it in Hong Kong, with every safe
guard dictated by experience, sending it by air 
freight; although the booking was followed in detail 
as shown by the papers delivered with the shipment, 
and although the trip only lasted three days, every 
crab was dead on arrival. More success has, fortu
nately, been achieved with other, shorter shipments 
of air freight, although nothing replaces the advan
tage of carrying the crabs by hand. 

If a change of water is indicated en route at a point 
where no freshly collected seawater is available, a 
sufficient amount, taken at high tide as close to the 
open ocean as possible, should be brought with the 
traveler; modern plastic jugs with screw tops make 
the transport easy. The water may be safely checked 
in the baggage compartment; the point is that water 
from or close to the site where the crabs were col
lected should not be used except when absolutely 
necessary, and then taken at or close before high 
tide, because of the abundant animal and plant mat
ter that may soon pollute the stored water. The trans
port of seawater for a change in mid-journey worked, 
for example, at a stopover in Paris on a trip from 
Ceylon to New York; the entire, hand-carried col
lection of 96 examples of Vca lactea annulipes came 
through alive and the great majority lived in excel
lent condition for several months in the crabberies at 
the New York Zoological Park; at that point the 

work was terminated—but the crabs were still show
ing every sign of good health and going through cy
cles of social activity. 

A common practice of commercial collectors in 
Florida and elsewhere is to ship local fiddlers by the 
hundred to laboratories, crowding the living speci
mens into cartons in a tangle of legs. Such a proce
dure does not work when specimens are wanted for 
behavior study, since the crabs' subsequent activity is 
affected; in any case it is suitable only for such rela
tively hardy forms as pugilator. Another system that 
does not work with Vca is the shipment of crabs in 
plastic bags filled with water and pumped-in air, in 
the method used so successfully in carrying and ship
ping small fishes. 

CRABBERIES 

For ethological work on fiddler crabs in captivity, 
only a few principles will be given. The details of 
successful construction and maintenance, and the 
suitability of various subjects for research, can vary 
within wide limits. 

The essential points that need attention are provi
sion for space suitable for the species to be kept; 
artificial tides; water appropriate for the species; a 
bank of substrate that, again, must be composed of 
material within the toleration of the species; an effi
cient filter system; and sunlight, whether real or an 
artificial facsimile. Almost equally important is care 
in the capture and transportation of specimens, as 
described above, and the provision of a population 
density resembling, at least initially, that found at the 
source of supply. 

Regardless of the small size of the species under 
observation the smallest tank I have found useful 
measures 3 ft. by 5 ft. As has long been known, 
specimens of some Vca will live and even breed in 
fingerbowls, but for ethological work this sort of 
maintenance is virtually worthless. At the other ex
treme of size out-of-door crabberies 10 ft. by 15 ft. 
or more in dimensions are practicable and conven
ient, at least in the tropics. The minimum advisable 
depth of any crabbery seems to be with substrate, 
exclusive of filter, about 7 inches deep at its deepest 
part; more is of course preferable. Sometimes the 
tops of open-air crabberies need screening against 
predators, especially kingfishers; in the mountains of 
Trinidad these birds quickly learned of the new 
source of food. At the same station we had to fence 
the crabberies with wire netting to a height of about 
8 inches even in installations so close to the house 
that the kingfishers did not trouble them; the reason 
was the attraction of crabbery water for marine toads 
(Bufo marinus) during the dry season; although they 
apparently did not seize the crabs, the amphibians 
jumped in and waddled about over the mud bank, 
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knocking down burrow markers and generally dis
turbing the fiddlers. 

The simplest method of simulating tides is to pour 
a few pails of seawater into the tank at the time of 
high tide and siphon it slowly out again, starting sev
eral hours after its introduction. Out-of-doors in their 
natural climate, all the tropical species of Uca kept 
in captivity, totaling about 28, responded with appar
ent health and appropriate behavior when provided 
with a single low tide in each 24-hour period, with 
the low arranged to occur at the same hour every 
morning. The caveats given at the end of this section 
on crabberies must be particularly heeded in the con
duction of any ethological work under such an en
tirely artificial tidal regimen. Its great advantage is 
its convenience for indefinite maintenance of a pop
ulation when minimum facilities and help are avail
able. 

In contrast, at the Zoological Park in New York 
three pairs of fiberglass tanks were maintained with 
success, seawater being pumped back and forth be
tween the members of each pair with the time con
trolled automatically by a clockwork mechanism. The 
dials could be set so that the water flow would reverse 
any desired number of minutes later at each tide, in 
accordance with the schedule being followed. While 
this regimen provided a useful approximation to real
ity for several days, such as on holiday weekends, it 
became too quickly out of synchrony with the normal 
semi-lunar tidal periods to be used for longer 
periods under the only conditions when such precise 
schedules were needed. These occurred during par
ticular observations when the crabs' activities had to 
be carried out under conditions as nearly approach
ing those in the field as possible. Accordingly, in the 
usual type of operation the clocks were set once a 
day during the regular maintenance period in strict 
accord with the tide table being followed, unless the 
tanks were under a simple maintenance regimen. At 
those times a morning or midday low tide was given, 
the choice depending on the natural period of high
est activity for the species; since the clockwork 
mechanism was available, a low was also set to occur 
12 hours later, at night. Just as in out-of-door tanks, 
the indoor population stayed in good shape indefi
nitely on this artificial schedule. 

Between the extremes of the pail-and-siphon sys
tem and the clockwork controls in simulating tides, 
a number of intermediate systems have been used 
with success. For example, the two largest Trinidad 
crabberies were built on a slope, with a storage tank 
below each. To bring about low tide the tanks were 
slowly drained by gravity into the storage tanks. 
From these the water was pumped up again with 
regulated speed, in time to cover the bank of sub
strate at the appropriate hour. In this system only one 
inexpensive pump was needed for each tank; al

though it had to be started manually, it stopped auto
matically when the storage tank was almost empty. 
Whatever the system, just as with apparatus for 
any saltwater aquarium, the parts of the pumps and 
fittings that came into contact with the water had to 
be corrosion-proof and free of copper. 

Whether indoors or outdoors it proved possible to 
use the same seawater for several months or more. 
Out-of-doors in the rainy season natural showers and 
downpours maintained the seawater in a naturally 
variable brackish state, the crabs being adaptable, in 
the species kept, to a wide range of salinity. In the 
dry season evaporation was so rapid that liberal ad
ditions of fresh water were needed daily from the 
garden hose; this water had not yet been chemically 
treated and so could be used from the tap. In the 
crabberies as in the field the salts in the water that 
stood in the crab holes during low tide were per
sistent, giving higher salinity in the burrows; these 
levels doubtless went far to counteract the wide 
swings in salinity we provided in the crabberies. 

In the indoor crabberies in New York evaporation 
had also to be carefully watched, since the strong 
electric lights had an effect on the small tanks similar 
to that of the sun and wind out-of-doors. Again the 
daily addition of fresh water, along with frequent 
checks with a hydrometer, kept the salinity within 
optimal ranges. Care was taken to dechlorinate all 
tap water used with a material obtainable from any 
aquarium supply house; the plastic pails of treated 
water were allowed to stand at least 12 hours before 
use in the crabberies, as a safeguard, even though 
the directions sometimes state that the water is fit for 
use in ordinary aquaria at once. It was also impor
tant that the tap water reach a temperature compara
ble to that of the circulating "tides"; the fresh water 
was added to the storage tanks, or at least to the 
crabbery water at the time of the incoming flow, 
rather than poured suddenly onto the exposed bank 
itself. An exception which may, perhaps, be impor
tant was the daily simulation at the time of the diur
nal low tide of a brief shower of rain, through drib
bling dechlorinated water through a perforated 
plastic dish over the substrate. This procedure 
seemed to stimulate the crabs to a higher level of 
activity, just as does a true shower in the field in the 
middle of a hot and sunny day. Care was taken for 
some of the fresh water to get into the burrows from 
time to time, so that the salinity level did not build 
up excessively. Standing water from the burrows, 
either indoors or outdoors, was drawn out now and 
then by syringe and tested with a hydrometer, to be 
sure that the concentration had not risen above about 
40°/00, the highest figure I have found in burrows 
in the field in Trinidad and the Philippines. 

Crabs from special localities, such as the shores 
of the Red Sea, tolerate considerably higher peaks 
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under their normal conditions of life, and probably 
should be maintained in captivity at similar levels. 

Artificial seawater can always be used for short 
periods in crabberies, but it should probably not be 
used indefinitely, any more than such reliance is gen
erally recommended for ordinary aquaria. 

The substrate selected should be of the general 
kind in which the species to be kept most often oc
curs. For example, it obviously would not be wise 
to provide a mud-living crab such as coarctata or 
maracoani with a relatively sandy substrate that 
would be entirely suitable for pugilator. Nevertheless 
three of the most pleasant surprises resulting from the 
crabbery work were connected with substrate provi
sions, and emerged in New York. I had expected that 
it would be necessary to transport portions of their 
own substrate along with foreign crabs; this would 
have entailed great expense, moderate inconvenience, 
and an almost certain impasse at customs unless the 
soil were sterilized. Even if foreign crabs proved 
adaptable to local substrates, no doubt with the pro
vision of appropriate (and unknown) kinds and 
quantities of added food, I foresaw that the artificial 
bank would have to be replaced at frequent intervals 
which, in temperate latitudes, would be difficult in 
the winter when microorganisms on local shores are 
largely inactive. 

These apprehensions fortunately proved needless. 
Substrate from nearby Long Island was used without 
replenishment for periods lasting up to 6 months, and 
supported a variety of species from the same locality, 
from the West Indies and from Ceylon. We took 
great care to collect the substrate from a shore which 
had not been subjected as far as we could learn to 
chemical pollution and which remained the continu
ing habitat of large and apparently healthy popula
tions of Uca. We were also careful to bring back to 
the laboratory only the top layer of substrate on 
which the crabs normally fed, and to layer the sec
tions carefully in chemically uncontaminated plastic 
pails. Finally, we did not collect the material during 
the winter, November 1 of a mild autumn being the 
latest we gathered a load; there had been as yet no 
frost. We always included small tussocks of swamp 
weed which, although they died back during the win
ter, doubtless continued to provide organic richness 
and resprouted in the spring. Most surprising was the 
fact that substrate of this kind without replenishment 
and without provision to the crabs of supplementary 
food kept the captive populations in vigorous health. 
After our success the first winter—a fud. period of 
6 months—we brought additional substrate from the 
same locality, but kept half of the original material 
to "season" the new sandy mud, and managed the 
addition with minimal upset to the crabs. 

We feel sure that a most important part of the 
success indoors in New York was our provision for a 

filter system far more extensive than I can find is 
recommended for any home aquaria, either fresh
water or marine. The systems used by marine bio
logical stations and exhibition aquaria are not really 
comparable, because of the availability to them of 
circulating seawater and their lack of need for natural 
substrate for their specimens. The system that 
worked in New York I devised in consultation with 
experienced aquarists and a search of the literature. 
The result uses parts of several arrangements, as well 
as screens to prevent disruption of the filters by dig
ging crabs, and, finally, the addition of the thick layer 
of substrate on top. The system includes a total of six 
different layers. It may prove in the future feasible 
to reduce or omit one or more of the ingredients, 
thus cutting down on their considerable cost; in the 
course of the work to date there has been no time 
to experiment along these lines. 

The filter and substrate arrangement in each tank 
is as follows, with the layers listed from the bottom 
up. (1) Sheets of plastic, manufactured commercial
ly for the purpose, their surfaces covered with paral
lel slits and their edges turned down so that each 
surface is raised slightly above the tank's bottom; 
several sizes fit against one another so that one side 
and a part of each end of a tank is covered, about 
one-third of the bottom being left bare; the siphons 
provided with the apparatus are discarded. (2) A 
layer of coarse, white, quartz gravel, at least two 
inches thick. (3) A similar layer of fine, coral sand. 
(4) A layer of powdered carbon. (5) A layer of fine, 
aluminum screening, to prevent the crabs from dig
ging into the filter layers. (6) The substrate, arranged 
to form a gently sloping bank with its top extending 
along the tank's long dimension. Like the substrate 
the entire filter system can be reused with little re
plenishment when a tank is reorganized. An investi
gator familiar with aquaria will be reassured to find, 
on examining all levels of the filter, that they remain 
sweet, even though small crabs occasionally die in 
their burrows and dissolve without being found. 

In both indoor and outdoor crabberies two addi
tional safeguards are needed. First, the open, fourth 
side of the filter layers, adjoining the uncovered third 
of the tank bottom, are held approximately in place 
by a vertical strip of aluminum screening. This not 
only prevents sliding of the layers and digging by the 
crabs but also minimizes loss of material from the 
layers during drainage. Second, since most Uca are 
good climbers and since it is always desirable to have 
the top of the bank heaped as high as possible close 
to the lip of the tank, to provide maximum depth for 
the burrows, overlapping rectangles of window glass 
are thrust into the substrate all around the tank 
against its sides, except on the side bare of substrate; 
there it is not necessary provided the tank sides are 
very smooth and kept clean. The glass itself should 
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be polished often. Once the crabs have settled down 
in the new quarters they normally do not attempt at 
all to climb out except during the wandering and 
aggressive wandering phases; then they literally climb 
the walls if measures have not been taken. The glass 
should project at least 5 inches above the substrate. 

In outdoor tropical aquaria we have had success 
with only a thin layer of coarse sand as a filter, cover
ing the portion of the tank beneath the substrate to a 
depth of several inches at most; we have also used 
instead a single, similar layer of coarse charcoal, such 
as is used in local stoves. In Trinidad, however, it 
was always possible to bring up frequent truckloads 
of mangrove mud and seawater from the shore, and 
because of this we changed the mud, seawater, or 
both on the average of once every 6 weeks during 
seasons when we were working seriously with the in
stallations and not keeping them on a purely mainte
nance level. Again, the substrate remained complete
ly sweet, even though the usual deaths sometimes 
occurred without our being aware of them, so that 
we failed to remove the casualties. 

In New York the question of illumination gave us 
the most difficulty in design because of the need for 
an intensity sufficient to simulate sunlight. This 
strength seems to be of importance because in the 
field a population attains its highest levels of social 
activity when the sun is shining, even though at the 
peak of a display phase individuals often wave vig
orously in dull weather and although some acoustic 
behavior is prevalent at night. At the end of our at
tempts we finally managed to achieve an intensity 
level approaching for short periods that of tropical 
sunlight, although overheating of the substrate re
mained a limiting factor and further improvement is 
needed. 

Our first care was to select a group of 12 fluores
cent lamps for suspension over each crabbery tank. 
Each storage tank also had its own group, so that 
the seawater would be exposed to light during a day
time period in that container; we hoped that the 
water's consequent exposure to a full quota of illumi
nation daily would help to keep it in acceptably 
wholesome condition. Additionally, we sometimes 
used the storage tanks, on an alternate tidal schedule, 
to maintain crabs temporarily when we had more 
specimens than could be properly housed in the fully 
fitted crabberies, or when they housed large speci
mens being saved for physiological work in which 
maintenance conditions were not, it seemed, so de
manding. 

Each group of fluorescent lamps was composed of 
four kinds of tubes of known emission spectra, 
selected to resemble as a group the spectral compo
sition of sunlight. Because of the limitations of their 
spectra, an exact reproduction could not of course 
be made. Fortunately, the crabs did well under this 

illumination alone. Nevertheless it seemed unsatis
factory that the level of intensity of the light reflected 
from the substrate, as measured in foot candles, was 
only equivalent to that reflected from a comparable 
substrate in the tropics on a cloudy day with immi
nent rain. The quality of the light furnished by the 
lamps was of course in some ways nearer to that of 
sunlight than was that of a tropical overcast, but the 
situation still called for improvement. Supplemen
tary photofloods and similar lamps were unsatisfac
tory because of their short lives and high heat. We 
finally secured quartz halogen lamps and fitted them 
with heat absorbing glass filters that cut down the 
intensity only moderately. Limited tests with this set
up indicate that their use during particular periods 
when observations, photographs, or experiments 
were under way did indeed stimulate the crabs to 
somewhat greater activity. The area struck by the 
beam had to be checked frequently for overheating; 
usually the crabs themselves gave the first warning, 
as they do on hot afternoons in the field, by dropping 
down their burrows and staying there—a response 
an investigator hopes fervently to avoid. 

The large banks of fluorescent tubes were con
trolled automatically, as part of the clockwork sys
tem operating the pumps. When tropical species were 
kept, the lights were set to go on and off at 0600 
and 1800 respectively, corresponding roughly to the 
times of sunrise and sunset in the tropics. Local hours 
were kept for temperate zone crabs. Since the labora
tory admitted some daylight through a skylight, no 
attempt was made to keep crabs from overseas on 
their original circadian schedule; this particular bio
logical clock in Uca is easily shifted without apparent 
effects on the behavior patterns to be investigated. 
The rhythm, as well as the tidal rhythm, had of 
course already been interrupted and upset by a long 
journey. 

In conclusion, although fiddler crabs can be kept 
in health in captivity, and although surprising de
grees and varieties of activities can be elicited, the 
use of crabberies for reliable ethological study is very 
strictly limited. I firmly believe that no descriptions 
of waving displays or combat behavior, for example, 
should be derived from observations made wholly in 
crabberies, whether indoors or out. A single example 
will illustrate the dangers. The usual waving rate of 
festae in the field is half again as fast as that shown 
by several individuals that lived for months in appar
ent health in a Trinidad crabbery out-of-doors and 
that went through the expected behavioral phases. 
Such a difference between a component in the field 
and in captivity is unusual, but it can serve as a warn
ing. Nevertheless, to verify fine details of displays or 
of combat techniques, or to learn the kind of behav
ior that may yield specially interesting observations 
on future field trips, crabbery work is unexcelled. 
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The tanks also give excellent opportunities for certain 
kinds of photography and for sound recordings, in
cluding television work. Again, an appropriately de
signed crabbery is certainly the place where observa
tions of crabs inside their burrows can best be made. 
Finally, various experiments, based safely on a foun
dation of familiarity in the field with the behavior of 
the species, can be done as well in crabberies, and 
some of them doubtless only under those conditions; 
the sensible possibilities for future work seem in fact 

to be unlimited. It seems very clear, nevertheless, 
that any observations or experiments that depend on 
quantitative aspects of the data obtained should be 
undertaken only with the greatest care; in particular 
they should rest on a solid basis of preliminary field 
work, accomplished on the particular subspecies, 
and preferably on members of the same population, 
from which the transplanted crabs are afterwards 
derived. 



Appendix E. Conventions, 
Abbreviations, and Glossary 

CONVENTIONS 
! The specimens listed have been examined by 

the author of the present contribution. This 
convention is used in the systematic section 
under the headings Type Material and Refer
ences and Synonymy. 

( ) 1. A scientific name or initial enclosed in paren
theses is that of a subgenus. Examples. Uca 
(Deltuca) dussumieri, U. (D.) dussumieri, or 
simply, in a list of species in the text, {Deltuca) 
dussumieri. 

2. An author's name and date enclosed in 
parentheses after the name of a species indi
cate/that when he described the species he 
placed it in a genus with a different name. 
Example. Uca (Deltuca) dussumieri (Milne-
Edwards, 1852). 

When no parentheses surround the author's 
name, his original description of the species 
placed it in the same genus in which it appears 
in the present study. Example. Uca (Deltuca) 
demani Ortmann, 1897. 

ABBREVIATIONS 

AMNH—American Museum of Natural History; 
Central Park West at 79th St., New York, New 
York 10024, U.S.A. 

Amsterdam—Zoologisch Museum; Plantage Mid-
denlaan 53, Amsterdam C, Netherlands. 

Bishop—Bernice Pauahi Bishop Museum; Honolulu, 
Hawaii 96818, U.S.A. 

BM—British Museum (Natural History); London, 
S.W.7, England. 

Copenhagen—Universitetets Zoologiske Museum; 
K0benhavn K, Denmark. 

Frankfurt—Natur-Museum und Forschungs-Institut 
"Senckenberg"; Senckenberg-Anlage 25, Frank
furt am Main, Germany. 

Gottingen—Zoologisch Institut der Universitat; Got-
tingen, Germany. 

Hancock—Allan Hancock Foundation; University of 
Southern California, University Park, Los 
Angeles, California 90007, U.S.A. 

[ ] A scientific name or initial enclosed in brack
ets is that of a superspecies. Examples. Uca 
(Deltuca) [acuta] acuta (Stimpson, 1858); U. 
(D.) [a.] acuta rhizophorae Tweedie, 1950. 

Note. For general treatments of taxonomic practice, 
see Blackwelder, 1967, and Mayr, 1969. For tech
nical details, see also the "International Code of 
Zoological Nomenclature adopted by the XV Inter
national Congress of Zoology," published for the In
ternational Commission on Zoological Nomenclature 
by the International Trust for Zoological Nomencla
ture; London, 1961. References to specific bulletins 
published by the International Trust are given in the 
present text. 

Throughout this volume "Milne-Edwards," with
out an initial, refers to H. (Henri) Milne-Edwards; 
"A. Milne-Edwards" to his son, Alphonse. The 
hyphen between the two parts of the surname has 
often been employed in the past; its use is revived 
here as a possible aid to non-carcinologists who may 
only occasionally need to use the bibliography. 

Leiden—Rijksmuseum van Natuurlijke Historie; 
Raamsteeg 2, Leiden, Netherlands. 

MCZ—Museum of Comparative Zoology; Harvard 
University, Cambridge, Massachusetts 02138, 
U.S.A. 

NYZS—New York Zoological Society; Bronx, New 
York 10460, U.S.A. (Note. Collections of Uca 
have been transferred to USNM; see p. 591.) 

Paris—Museum National d'Histoire Naturelle; Paris 
Ve, France. Address for correspondence on 
Crustacea: Laboratoire de Zoologie, 61 Rue 
de Buffon, Paris Ve. 

Philadelphia—The Academy of Natural Sciences at 
Philadelphia; 19th St. and the Parkway, Phila
delphia, Pennsylvania 19103, U.S.A. 

Raffles—Raffles Museum, Singapore. 
Torino—Istituto e Museo di Zoologia della Uni-

versita di Torino; Via Accademia Albertina, 
17, Torino (204), Italy. 
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UPNG—Department of Biology, University of 
Papua and New Guinea; Boroko, Territory of 
Papua and New Guinea. 

USNM—Division of Marine Invertebrates, National 
Museum of Natural History; Smithsonian Insti
tution, Washington, D.C. 20525, U.S.A. 

GLOSSARY 

INTRODUCTION 

This glossary consists of terms that may be divided 
roughly into three categories. First are words used 
here in a restricted sense; many morphological terms 
are included for this reason. The second group com
prises coined words and phrases, most of which are 
names for behavioral components in Uca or for struc
tures on the gonopod. The final category includes 
terms that are widely used in particular fields of 
biology. Each appears in the glossary because the 
term may not be familiar to a worker outside the 
discipline it serves. When complex and sometimes 
controversial concepts are involved, recent definitions 
are quoted directly and references given to discussion 
by the authorities cited; in some cases an annotation 
comments on the term's use in the present study. 

Abdomen. The segmented part of the body that is 
folded underneath the carapace, fitting into a de
pression in the sternum. It is narrow in males (Fig. 
2) and broad in females. (P. 463.) 

Actor. In combat, the individual at any particular 
moment performing the motions of a component. 
(P. 487.) 

After-lunge. A feint by a burrow-holder directed to
ward a departing opponent. This activity is often 
associated with combat. (Agonistic component no. 
6, p. 479.) 

Agonistic. See Behavior, agonistic. 
Alliance. A group of closely related species consist

ing both of allopatric forms and of one or more 
other species living sympatrically with one or more 
of the allopatric forms. This usage corresponds 
approximately to the definition given by Mayr 
(1969: 412) of superspecies used in the broader 
sense: ". . . entirely or largely allopatric species. 
. . . " (Italics mine.) The introduction of alliance, 
in an apparently new, informal usage of the word, 
provides a brief term to cover this wider situation, 
the term superspecies being reserved for a series 
of allopatric forms. Cf. Superspecies. 

Allies. Members of an alliance. See above. 
Allometry. "The study of proportion changes cor

related with variation in size of either the total 
organism or the part under consideration. . . . The 
variates may be morphological, physiological or 
chemical . . ." (Gould, 1966: 629.) Also: " 1 . 

Yale—Peabody Museum of Natural History; Yale 
University, New Haven, Connecticut 06520, 
U.S.A. 

Yokohama—Faculty of Liberal Arts and Education; 
Yokohama National University, Yokohama, 
Kamakura, Japan. 

growth of a part of an organism in relation to the 
growth of the whole organism or some part of it." 
(Random House Dictionary of the English Lan
guage, 1966.) (P. 449.) 

Allopatry. The distribution of distinct populations of 
a species or of closely related species so that they 
occupy areas that with marginal exceptions are 
mutually exclusive. Adj.: Allopatric. In this study 
allopatric is used also as a n. (cf. patronymic, in 
accepted use as both adj. and n.) . See also Super
species; Alliance; cf. Sympatry. Discussions on 
pp. 432 and 527ff. 

Ambulatory. One of the eight walking legs; arranged 
in four pairs, they are inserted behind the cheli-
peds. They correspond to the second to fifth pairs 
of legs or periopods of authors who count the 
chelipeds as the first pair of legs. The latter desig
nation is of course phylogenetically exact, but in 
Uca the use of chelipeds and ambulatories is pre
ferred for clarity and convenience. Where leg is 
used in this study, it is always for the sake of 
brevity in an unambiguous situation and refers 
only to ambulatories, as in a coined name for a 
behavioral component, such as leg-wave. (Figs. 1, 
2.) 

Angle, antero-lateral. The angle formed by the meet
ing of the anterior and side (antero-lateral) mar
gins of the carapace. (Fig. 3.) 

Antenna, pi. antennae. On the lower, anterior surface 
of the body, one of the outer pair of very short, 
flagellate appendages lying between the edge of the 
front and the buccal cavity. (Figs. 2, 28.) 

Antennule. On the lower, anterior surface of the 
body, one of the inner pair of very short append
ages lying between the edge of the front and the 
buccal cavity; it lies folded inconspicuously in a 
cavity. (Figs. 2, 28.) 

Aperture, afferent branchial. The opening between 
the bases of the second and third ambulatories 
through which water is drawn into the branchial 
chambers. 

Aperture, efferent branchial. The opening between 
the outer anterior margin of the buccal cavity and 
the outer anterior edge of the flexed palp of the 
third maxilliped. Through it water and bubbles are 
expelled from the branchial cavity. 
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Area, friction. In combat, a part of the inactor's claw 
correlated with one or more structures on the ac
tor's claw during the performance of a component. 
See Table 14, "contact area." 

Armature. Specializations of the integument consist
ing principally of ridges, tubercles, and grooves. 
Occurring on the carapace, chelipeds, and ambula
tories, they are used in sound production or, when 
on the major claw, almost altogether in intermale 
combat. 

Armed. Equipped with armature. 
Autotomy. The casting off, by reflex action, of a 

cheliped or ambulatory that has been strongly 
stimulated, as when seized by a predator. The 
break is always cleanly made between the basis 
and ischium. The lost appendage is regenerated 
more or less perfectly, the process requiring a 
number of molts. 

Basis, pi. bases. The second segment from the proxi
mal end of a cheliped or an ambulatory. (Fig. 2.) 

Beading. A row of similar, rounded tubercles, con
tiguous or nearly so and usually very small. See 
Edge, beaded. 

' Behavior, acoustic. Production of sound, along with 
associated activities. 

Behavior, agonistic. Postures and motions indicating 
aggression, defense, submission, withdrawal, or 
flight; often ambivalent. 

Behavior, conflict. Postures and motions indicating 
the simultaneous or alternate activation of two 
drives, such as combat and flight. 

Behavior, displacement. Activities, inappropriate to 
the circumstances, which partially or wholly re
place suitable behavior, such as the occurrence of 
feeding during conflict between drives to court a 
female and to threaten another male. 

Behavior, post-combat. Activities, such as the after-
lunge, that occur immediately following combat. 

Behavior, precopulatory. Final stages of courtship 
immediately preceding copulation on the surface 
or presumed copulation underground. Character
ized by behavior not found either in earlier stages 
of courtship or in agonistic behavior. 

Behavior, social. Postures and motions that ordinar
ily serve as mutual stimulation among members of 
the same species. 

Behavior, submissive. Postures and motions indicat
ing unreadiness to engage in or to continue aggres
sive behavior. Cf. Creep. 

Behavior, territorial. Postures and motions indicating 
readiness to defend from intruders the mouth of a 
burrow, or the mouth and its immediate vicinity; 
the behavior exhibited consists of waving display, 
threat components, and combat. 

Belt, hybrid. "A zone of interbreeding betwen two 
species, subspecies, or other unlike populations; 

zone of secondary intergradation." (Mayr, 1969; 
405.) 

Biotope. A habitat characteristic of a group of ani
mals, whether of a formal taxon, such as a species, 
or of a local population. Cf. Niche. (See also p. 
445.) 

Book. One of the contiguous layers of tissue in a gill. 
All lie perpendicular to each side of the gill's long 
axis. (Figs. 78, 81.) 

Brachyura; adj. brachyuran. The order of Crustacea 
consisting of the true crabs, including Uca. In 
adults the abdomen is always relatively small and 
folds underneath the body, while the abdominal 
appendages are not used in locomotion. 

Brachychelous. Individuals or species having the 
fingers of the major chela relatively short and 
broad in comparison with those of other members 
of the group. Cf. Leptochelous. 

Bubbling. Emission of foam from the efferent bran
chial openings. Composed of air bubbles and mois
ture from the branchial regions, it apparently 
serves several functions, as a cleansing agent, heat 
regulator, aerator of eggs, and sound-producing 
mechanism. In its latter role it is described as com
ponent no. 12, p. 484. (General account on p. 
472.) 

Burrow-holder. A male in the display phase, center
ing his activities around a particular burrow, and 
defending its vicinity from intrusion by conspecific 
males through threat postures, combat, or both. 
(P. 487.) 

Carapace. The crab's "shell," covering the dorsal and 
lateral parts of the body above the chelipeds and 
legs; anteriorly it includes the orbits and pterygo-
stomian regions. The carapace is posteriorly trun
cate, the abdomen being bent underneath the body. 
(Figs. 1, 2, 3.) 

Carpus. The fifth segment from the proximal end of 
a cheliped or an ambulatory. (Figs. 1, 2.) 

Carpus-out. An agonistic posture in which a male, 
having descended his burrow, leaves the carpus of 
his flexed major cheliped projecting above the 
surface. (Agonistic component no. 7, p. 479.) 

Cavity, buccal. The mouth area, lying between the 
antennae and antennules anteriorly and the cheli
peds posteriorly. Covered, when not in use, by the 
third maxillipeds. (Fig. 2.) 

Cavity, carpal. On a major cheliped, the depression 
in the proximal part of the palm. When the cheli
ped is flexed, bent into rest position, the carpus fits 
into the cavity. (Fig. 44.) 

Chela. The grasping, distal portion of the claw on 
either of the two chelipeds. Each chela is formed 
by a distal extension of the sixth segment, the 
manus, and the opposing distal seventh segment, 
termed the dactyl. The two parts of the chela are 
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referred to together as fingers; the lower, immova
ble finger as the pollex; and the pollex along with 
the rest of the manus as the propodus. (Figs. 1, 
2, 42, 44.) 

Chela-out. An agonistic posture in which a crab, 
otherwise completely withdrawn into his burrow, 
leaves his major chela's tip projecting. (Compo
nent 9, p. 479.) 

Cheliped. One of the two appendages that end in a 
chela. Morphologically these appendages form the 
first pair of periopods. Each is bounded anteriorly 
by the suborbital region, externally by the vertical 
lateral margin, and posteriorly both by the sternum 
and by the coxa of the first ambulatory. 

Cheliped, major. The large cheliped; confined to 
males. (Fig. 1.) 

Cheliped, minor. The small cheliped in a male. (Fig. 
1.) 

Cheliped, small. Either of the two chelipeds in a fe
male, or, when used plurally in simultaneous 
reference to both sexes, the chelipeds excluding 
the major. 

Chimney. A wall made of substrate erected by an 
individual around its burrow. (P. 500.) 

Chromatophore. A pigment-bearing body in the in-
tegment that influences the individual's color 
through its expansion and contraction. 

Claw. The sixth and seventh segments of a cheliped, 
formed of the propodus (the specialized manus) 
and the dactyl. An informal term, but convenient
ly brief. See Chela. 

Claw-rub. A general term for sound produced by 
rubbing of the claws of two males against each 
other during combat. (Sound component no. 14, 
p. 484.) 

Claw-tap. A general term for sound produced by tap
ping or vibration of the claws of two males against 
each other during combat. (Sound component no. 
15, p. 484.) 

Cline. "A gradual and nearly continuous change of a 
character in a series of contiguous populations; a 
character gradient (cf. Subspecies)." (Mayr, 
1969: 400.) 

Clock, biological. See Rhythm, endogenous. 
Close-set (adj.). Applied to tubercles in the same 

series which, while not widely spaced, are not con
tinuous and hence cannot be termed beading. 

Combat. A general term for any behavior between 
males in which the claws of the chelipeds come 
into contact. Because of the usually high degree 
of ritualization, it might be preferable to substitute 
the word encounter, thus avoiding the "loaded" 
words combat and fight. Since the behavior dis
cussed undoubtedly has an aggressive base, fre
quently shows overtly forceful components, and 
probably often includes pushing elements effec
tively masked by ritualizations, it seems permis

sible to use all three terms. In this contribution, 
therefore, combat is selected for general use; en
counter appears occasionally in the discussion of 
fully ritualized combats; and fight is restricted to 
combats with overtly forceful components. 

Combat, heteroclawed. In one opponent the claw on 
the right side is enlarged, in the other on the left. 

Combat, high-intensity. Part of the claw of each op
ponent comes between the dactyl and pollex of the 
other, in other words enters into the gape. In force
ful endings the claw tips may grip the opponent's 
claw; in fully ritualized encounters they do not do 
so. 

Combat, homoclawed. Both opponents have the claw 
of the same side enlarged, whether right or left. 

Combat, low-intensity. Contact between opponents is 
confined to the outer surfaces of mani and chelae. 

Combat, mutual. In many ritualized combats both 
crabs perform one or more of the components, 
either in sequence or alternately. They can per
form simultaneously only during manus-rubs. 

Combat, ritualized. Encounters consisting of ritual
ized components and lacking the ingredient of ir
regular force. 

Component. An activity that is a characteristic part 
of some aspect of social behavior and appears to 
the observer to be distinct from adjacent actions. 

The most clear-cut examples are so distinct and 
so stereotyped that they may confidently be 
termed fixed-action patterns, in the sense devel
oped by Lorenz and Tinbergen and now often 
used in ethological studies. These examples are 
characterized not only by distinctive motor pat
terns but in ritualized combat by the juxtaposition 
of specialized morphological structures. 

Other activities, however, show considerable 
variability connected neither with intensity nor 
with transition to other components. All of these, 
instead, often appear instantly adaptable to the 
changing circumstances of an agonistic situation 
or a courtship. In combat, for example, the se
quence of components used in a particular kind 
of encounter in a certain species is only moder
ately predictable, while force may be suddenly 
interjected in the midst of an otherwise ritualized 
combat at any time. Any or all of the components 
in the various classes of social behavior may need 
subdivision or other modification. Only further 
study with emphasis on comparative work within 
the genus can resolve the uncertainties. 

Therefore it seems that the use of fixed action 
pattern would be at present a semantic disservice. 
The more general word component is adopted in
stead, in the same spirit shown by morphological 
taxonomists when they feel it premature to use a 
definite term such as subgenus and compromise on 
the noncommittal group. 
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Component, forceful. In low-intensity combat, 
manus-pushes; in high-intensity combat, grips, 
flings, and upsets. All are highly variable and ir
regular, and hence are here considered to be un-
ritualized, since the cheliped is wielded variously 
and unpredictably in pushing, grasping, and lift
ing. Most or all ritualized components at times also 
are interrupted by the use of overt force which 
sometimes develops almost insensibly during the 
performance of the ritualized component, in the 
form of visible pressure. Exceptions to the above 
definition of forceful components are now being 
studied in Uca lactea, in which overt force itself 
is sometimes ritualized. (P. 494.) 

Component, mutual. In combat, the same compo
nent is performed by both crabs, either in sequence 
or alternately. Only the manus-rub can be per
formed by both crabs simultaneously. 

Component, ritualized. In combat, a component in 
which no pushing, grasping, or lifting motions are 
ordinarily included and which is distinguished by 
its predictability of form, and sometimes se
quence, and by its association with a particular 
series of structures. See also Component, forceful 
and Ritualization. 

Conglomerate. An assembly of stones, sessile marine 
organisms, or both, fastened together by natural 
deposits or secretions; the organisms often include 
corals, dead or alive, mollusks or their shells, and 
tube worms. Sometimes the conglomerate is in the 
form of lumps, large or small; sometimes it forms 
in itself a local substrate. 

Cornea. See Eye. 
Courtship. Behavior patterns in both sexes that, when 

fully elicited, are followed by copulation. They 
usually include high-intensity waving display, 
along with following of the female or her attrac
tion to the male's burrow. Special display motions 
and sound production also sometimes are part of 
a species-specific pattern. See also Behavior, pre-
copulatory. 

Coxa, pi. coxae. The first segment of a cheliped or 
ambulatory, always short (Figs. 1, 2). 

Creep. Method of locomotion adopted by non-
aggressive individuals under certain conditions, 
the body being held close to the ground. Cf. Be
havior, submissive. (Agonistic posture no. 11, p. 
479; Fig. 84C.) 

Crenellations. Tubercles along the suborbital margins 
of the orbit, often separated and truncate. (Figs. 
2, 3, 26, 27.) 

Crest. On a cheliped or walking leg, a thin ridge, 
often relatively high, with the edge either entire or 
tuberculate. Cf. Ridge. 

Curtsy. In waving display and in high-intensity 
courtship, the crab's body rapidly lowers through 

bending the legs and is raised again. A bob. 
(Component no. 13, p. 496.) 

Dactyl. The most distal segment, the seventh, of a 
cheliped or ambulatory. On a cheliped also termed 
the movable finger. 

Dactyl-along-pollex-groove. In high-intensity combat 
the actor slides the tip of his dactyl along the nar
row, longitudinal furrow on the inactor's outer 
pollex. (Ritualized component no. 14, p. 491.) 

Dactyl-slide. In high-intensity combat the prehensile 
edge of one dactyl slides along the upper edge of 
the opponent's dactyl. (Ritualized component no. 
6, p. 489.) 

Dactyl-submanus-slide. In high-intensity combat the 
actor rubs his dactyl's prehensile edge along the 
lower margin of the inactor's manus, both claws 
being appropriately tilted. (Ritualized component 
no. 8, p. 489.) 

Deme. "A local population of a species; the commu
nity of potentially interbreeding individuals at a 
given locality." (Mayr, 1969: 401.) 

Dendrogram. A diagram, more or less in the form 
of a tree, designed to indicate apparent degrees of 
relationship. 

Depression. An indentation on the integument, usual
ly shallow and irregularly shaped. 

Depression, H-form. On the carapace the design 
formed by the meetings of the furrows dividing the 
cardiac, intestinal, and branchial regions from one 
another. Often this roughly H-shaped result in
cludes the only distinctly marked regional bounda
ries in a species of XJca, where the regions are in 
general weakly indicated. (Fig. 1.) 

Display, visual. A general term that includes agonis
tic postures, their associated motions, and waving 
display. 

Display, waving. A rhythmic motion of the major 
cheliped, along with any associated movements of 
other appendages. Used interchangeably with 
waving. 

Display, waving: high-intensity. Waving character
ized in general by the maximum tempo, precision 
of motions, amplitude of wave, brevity of pauses 
between waves, and sometimes additional motions 
or elision of motions characteristic of a species. 

Display, waving, low-intensity. The wave is relative
ly slow, and often variable in tempo and ampli
tude, with the series widely spaced and pauses be
tween waves often longer than at high intensity; 
feeding, during and between waves is prevalent; 
characteristics may be present that are absent at 
high intensities, or the converse may be true. 
Sharp boundaries between the two intensities are 
rare, gradual change being the rule. 

Down-point. A threat posture of high-intensity often 
leading to combat. Two opponents face each other, 



CONVENTIONS, ABBREVIATIONS, GLOSSARY 683 

their major claws pointed straight downward. 
(Component no. 2, p. 479.) 

Down-push. One crab is pushed down his own bur
row by his opponent. An activity associated with 
combat. (P. 491.) 

Drove. An aggregation of individuals, moving more 
or less in unison. (P. 478.) 

Drumming. Sound production through repeated tap
ping of the major or minor merus against the cara
pace, or of the major manus against the ground. 
(Sound components 7, 8, and 9, p. 483.) 

Duration. The length of a combat timed from the 
moment at which the two chelipeds come into con
tact to their separation immediately preceding the 
departure of one of the crabs. Associated activi
ties, ranging from preliminary threat behavior to 
after-lunges, are not included. See also Duration, 
p. 493. 

Ecology. The study of organisms in relation to their 
environment. 

Edge, beaded. A structure sometimes present on the 
upper, major palm, between the dorsal margin and 
the carpal cavity. (Fig. 44.) 

Edge, prehensile. On a cheliped, the dorsal margin 
of the pollex or the ventral margin of the dactyl. 

Encounter. A fully ritualized combat. See also Com
bat. 

Estuary. A tidal waterway in the delta region of a 
stream or river, usually running through mangrove 
or other kinds of swampland. See also Lagoon. 

Ethology. "The science of the comparative study of 
animal behavior." (Mayr, 1969: 402.) In a wider 
sense, "the biological study of animal behavior." 
(Eibl-Eibesfeldt, 1970.) 

Eye. The faceted structure at the tip of the eyestalk; 
the cornea. 

Eyebrow. An elongate area along the dorsal margin 
of the orbits, varying in length, breadth and incli
nation; bounded by raised edges that are some
times beaded or granulate. 

Eyestalk. The peduncle supporting the eye. 
Fight. A combat including components that are at 

once forceful, irregular in form, and unpredicta
ble. See also Combat. 

Finger. On a cheliped, either of the two distal ele
ments forming the chela or pincer. Usually used 
in the plural, to designate in one word both dactyl 
and pollex. 

Finger, fixed. The pollex. 
Finger, movable. The dactyl of a cheliped. 
Flagellum, pi. flagella. On each of the two antennae, 

the slender, tapering, distal portion composed of 
many segments. (Fig. 28.) 

Flange. On the gonopod, a calcified wing near the 
tip, normally extending anteriorly or posteriorly 
but sometimes differently oriented because of tor
sion. (Fig. 58.) 

Flat-claw. An agonistic posture in which a crab, hav
ing descended his burrow, leaves his major claw 
projecting and bent so that it lies flat on the sur
face. (Component no. 8, p. 479.) 

Fling. In combat, a variable, unritualized component 
at the close of a forceful ending. One opponent is 
pushed backward in a skid or is partly overturned. 
(Forceful component no. 2, part, p. 488.) 

Forward-point. A threat posture of moderate inten
sity. The major claw is directed forward, the fin
gers held apart. (Agonistic component no. 4, p. 
479.) 

Front. On the anterior part of the carapace, the mid
dle section that projects forward and down be
tween the orbits. (Figs. 1,2.) 

Frontal-arc. A threat pattern of low intensity; the 
major chela parallels the ground, fingers open, and 
moves forward and back. (Agonistic component 
no. 3, p. 479.) 

Furrow. See Groove. 
Gape. On a claw, the space between the dactyl and 

pollex when their distal portions are in contact or, 
in other words, when the claw is "closed." 

Gills. Organs responsible for the extraction of oxygen 
from the water. Five principal ones, all elongate, 
distally tapering and divided into sections (books), 
are located in the posterior part of the branchial 
region; single gills, small to vestigial and variously 
shaped, are located proximally on the 2nd and 3rd 
maxillipeds. (Figs. 81, 82, 83.) 

Gonopod. In males, one of the pair of anterior ab
dominal appendages, situated on the ventral, prox
imal part of the abdomen. When not in use, these 
slender, stiff appendages are bent forward, parallel 
to the similarly bent abdomen, fitting into an in
dentation in the sternum. Spermatophores are in
troduced into the female gonopores through the 
specialized tips. (Fig. 58.) 

Gonopore. In females, one of the pair of genital 
openings. They are located on the third sternal 
segment near the midline. The term has often been 
applied also to the genital opening of the male; in 
this study the word pore is used for the male open
ing in order to avoid confusion. 

Granule. An imprecise term for a tubercle that is 
considered by the observer to be particularly small 
in relation to other tubercles on the same in
dividual. 

Grip. In combat, the prehensile edges of one claw 
seize the claw of the opponent. (Forceful compo
nent no. 2, part, p. 488.) 

Groove. A narrow depression or furrow in the in
tegument. 

Group. "A neutral term for a number of related taxa, 
especially an assemblage of closely related species 
within a genus." (Mayr, 1969: 404.) 

Growth, allometric. Development in which one part 
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of an organism grows at a different rate than an
other; heterogony. (P. 449.) 

Habitat. The general kind of environment in which 
a species usually lives. (P. 440.) (Cf. Biotope; 
Niche. 

Heel. The proximal ventral portion of the major 
manus. (Fig. 42.) 

Heel-and-hollow. In high-intensity combat, the pol-
lex tip rubs or taps the depression on the palm 
lying at the base of the opponent's thumb, while 
the dactyl acts similarly against the outer manus. 
(Ritualized component no. 11, p. 490.) 

Heel-and-ridge. In high-intensity combat, the pollex 
tip rubs or taps the oblique ridge of the opponent, 
while the dactyl curves around the opponent's heel 
or taps with its tip against that region. (Ritualized 
component, no. 12, p. 490.) 

Hepatopancreas. A digestive gland, consisting mostly 
of two large lobes that underlie the paired hepatic 
regions of the carapace. Formerly often termed the 
liver. 

Herding. During a waving display, a male maneuvers 
a female toward his burrow. (Component no. 14, 
p. 496.) 

Heterogony. (Replaced in current usage by Allom-
etry.) 

High-rise. A posture, occurring in the threat behavior 
of both sexes and in the courtship of males, in 
which the crab raises its body high on the extended 
ambulatories. (Agonistic component no. 13, p. 
480.) 

Holotype. In taxonomy, "the single specimen, desig
nated or indicated as 'the type' by the original 
author at the time of the publication of the origi
nal description." (Mayr, 1969: 404.) 

Hood. A concave, arching structure erected by a 
male in display phase beside his burrow. (P. 500; 
Pis. 48, 49.) 

Hybridization. "The crossing of individuals belong
ing to two unlike natural populations, principally 
species." (Mayr, 1969: 405.) See also Hybridiza
tion, allopatric; Subspecies. 

Hybridization, allopatric. "Hybridization between 
two allopatric populations (species or subspecies) 
along a well-defined contact zone." (Mayr, 1969: 
397.) 

Inactor. In combat, the opponent holding his major 
claw temporarily motionless. (P. 487.) 

Ischium. On a maxilla, maxilliped, cheliped, or am
bulatory, the third segment from the proximal end; 
in each of these appendages it is distal to the basis. 
(Figs. 1, 2.) 

Instigator. In combats between two burrow-holders, 
the crab that approaches his future opponent; ex
cept for this approach, he does not necessarily 
ever become an actor. In combats between an ag
gressive wanderer and a burrow-holder, the wan

derer is apparently always the instigator. Because 
of the usual high degree of ritualization, the words 
aggressor and attacker are not used. 

Instrument. In combat a structure on the actor's claw 
used during the performance of a component. 

Intensity, low. (1) In threat postures and motions, a 
general term for slight motions of the major cheli
ped toward an encroaching crab, in which the fin
gers are separated only partly if at all and the body 
little raised on the ambulatories; often accompa
nied by feeding. (Fig. 84.) (2) In combat, a com
ponent in which only the outer surfaces of the 
claws come into contact. (3) In waving display, 
the motion of the major cheliped is relatively slow 
when compared with that of high intensity, the tip 
of the claw usually does not reach as high in the 
air, in lateral waves the waving motion may be 
straight rather than circular, and, finally, any spe
cial motions occurring in advanced courtship are 
absent; often accompanied by feeding, low-inten
sity display usually indicates relatively simple ter
ritoriality rather than threat toward a particular 
male or definite courtship of a female. There is no 
sharp dividing line distinguished between low and 
high intensities in any of the three uses. 

Intensity, high. (1) In threat postures and motions, 
the major dactyl is raised so that the fingers of the 
claw are widely separated and the body is raised 
on the extended ambulatories. (2) In combat, a 
component in which a part of each claw enters the 
gape of the opponent. (3) In waving display, the 
major cheliped moves at the maximum speed at
tained by the species, and describes the widest arc; 
in both threat and courtship, but particularly in 
courtship, special motions of both the major cheli
ped and of the other appendages sometimes in
volved in sound production are often included. 
Actual feeding only very rarely accompanies high-
intensity behavior of any kind, the motions of the 
minor cheliped that often occur at these times be
ing incomplete; they are here interpreted as dis
placement feeding under conditions of conflict. 

Interdigitated-leg-wag. The more distal segments of 
one or more ambulatories overlap those of a paral
lel individual with accompanying rubbing or vibra
tion. (Sound component no. 16, p. 484.) 

Interlace. In high-intensity combat, each manus lies 
within the gape of the opponent, the bases of the 
two chelae coming almost into contact; the proxi
mal prehensile edge of one pollex then rubs along 
one or both predactyl ridges of the opponent. 
(Ritualized component no. 9.) 

Isolation, reproductive. "A condition in which inter
breeding between two or more populations is pre
vented by intrinsic factors." (Mayr, 1969: 410.) 
Cf. Mechanism, isolating. 

Jerk. In waving display, one of a series of short mo-
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tions of the major cheliped that lifts or lowers the 
appendage with short pauses between. In this con
tribution the period of motion alone is counted as 
the jerk. No wave is described as including jerks 
unless either the upward or downward sweep, or 
both, are broken by at least one pause; a wave 
with a pause only at its peak, however, is not con
sidered to be a jerking wave. 

Jerking-oblique-wave. In waving display, the major 
cheliped unflexes obliquely upward with jerks at 
least during its rise. (Component no. 6, p. 496.) 

Jerking-vertical-wave. In waving display, the flexed 
major cheliped is moved up and down with jerks 
at least during its rise. (Component no. 2, p. 496.) 

Keel. A sharp ridge armed or smooth, at or close to 
the dorsal or ventral margin of part of a cheliped 
or ambulatory. 

Kick. See Leg-wave. 
Lagoon. A body of seawater, sometimes brackish, 

usually elongate, and always largely cut off from 
the surf of the open ocean. Sometimes the barrier 
is a reef, which may be largely submerged; some
times it is the upper part of a beach or a stretch 
of dunes. Communication with the open sea is 
often by a permanent channel, as on coral atolls; 
sometimes, on continents and larger islands, a con
nection occurs only at spring tides or during heavy 
rains. Direct connection with a stream, if any, is 
frequently intermittent. Except on small atolls, 
lagoons are often bordered by mangrove swamps. 
The word lagoon and its translations are often used 
imprecisely, with variable implications, in different 
parts of the world. The above remarks cover its 
use in the present contribution. Cf. Estuary. 

Lateral-circular-wave. In waving display the major 
cheliped is completely unflexed, then raised and 
returned to rest position from above the eyes. 
(Component no. 5, p. 496.) 

Lateral-straight-wave. In waving display, the cheli
ped is completely unflexed, then returned to the 
flexed position in the same plane. (Component no. 
4, p. 496.) 

Lateral-stretch. A threat posture in which at least the 
major cheliped is unflexed to the side. (Agonistic 
posture no. 10, p. 479.) 

Lateral-wave. In waving display, a general term for 
a motion of the major cheliped in which the claw 
is unflexed to the side. See also Lateral-straight-
wave and Lateral-circular-wave. 

Lectotype. "One of a series of syntypes which, sub
sequent to the publication of the original descrip
tion, is selected and designated through publica
tion to serve as 'the type.' " (Mayr, 1969: 406.) 

Left-clawed. The cheliped on the crab's left side is 
enlarged. 

Leg. See Ambulatory. 
Leg-side-rub. Stridulation involving the more poste

rior ambulatory meri and the sides of the carapace. 
(Sound component no. 6, p. 483.) 

Leg-stamp. The turned-under dactyls of two or more 
ambulatories strike the ground. (Sound compo-
ment no. 11, p. 484.) 

Leg-stretch. In waving display the crab raises its 
body with each wave. (Component no. 10, p. 
496.) 

Leg-wag. Stridulation involving rubbing of the ambu
latory meri. (Sound component no. 5, p. 482.) 

Leg-wave. In waving display, two or more ambula
tories are raised on a side, often in a kicking mo
tion; their meri however do not make contact and 
therefore there is no stridulation. (Component no. 
12, p. 496.) 

Legs-out. Posture assumed by a non-receptive fe
male; when descending into her burrow she leaves 
the ambulatories of one side projecting in the air. 
(Agonistic posture no. 14, p. 480.) 

Lek. A restricted locality in which males in many 
species of birds and other animals congregate in 
the breeding season. Here they defend individual 
territories from encroaching males and court fe
males. In a restricted sense, the word is used of 
associations in which the strongest males hold ter
ritories near the center and do most of the mating. 
Leks in the restricted sense are not yet known to 
occur in Uca. 

Leptochelous. The pollex and dactyl of the major 
cheliped are unusually long and slender in com
parison with most individuals in the same species 
of similar carapace size. Cf. Brachychelous. 

Line, raised. A ridge, long and very low, not paral
leling similar structures. Cf. Stria. 

Lunge. A threat pattern of high intensity. One male, 
with claw pointed forward, makes a feint toward 
another. (Agonistic component no. 5, p. 479.) 

Major. Adjective preceding either the noun side or 
the name of an appendage or one of its segments; 
the word indicates that the location of the area is 
on the same side of a male as the large cheliped. 

Major-manus-drum. Vibration of the manus of the 
major cheliped against the ground. (Sound com
ponent no. 9, p. 483.) 

Major-merus-drum. Vibration of the merus of the 
major cheliped against an anterior part of the cara
pace. (Sound component no. 7, p. 483.) 

Major-merus-rub. Stridulation in which part of the 
major merus rubs against an adjacent part of the 
carapace. (Sound component no. 1, p. 482.) 

Mandible. One of the two small jaws, heavily calci
fied and meeting in the midline, in the buccal cav
ity. In a ventral view of the crab they lie under
neath the three pairs of maxillipeds and two pairs 
of maxillae. Morphologically the mandibles are 
anterior to the first maxillae. (Fig. 37.) 

Mangrove. Any of a number of shrubby and arboreal 
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plants associated on sheltered coasts of the tropics 
and subtropics and in their brackish river deltas. 
Members of such a community are characterized 
most conspicuously by stilt roots. The community 
itself is called in English mangrove or mangroves. 
Macnae (1968) suggested substituting the word 
mangal to distinguish the forest community from 
its individual plants; the suggestion was published 
too late to be followed here, but its use in the 
future would certainly be sensible. 

Manus, pi. mani. The sixth segment from the proxi
mal end of a cheliped or ambulatory, it is simul
taneously the predistal segment. On each of the 
two chelipeds its ventral distal portion is produced, 
forming the lower part of the chela, the pollex; 
the manus and pollex together are termed the 
propodus (q.v.). In discussions of the major 
cheliped, the word manus signifies its outer side, 
plus its dorsal and ventral margins. Cf. Palm. 
(Figs. 1, 2.) 

Manus-rub. In low-intensity combat, the outer mani 
of the opponents rub longitudinally. (Ritualized 
component no. 1, p. 488.) 

Margin, antero-lateral. On the dorsal part of the car
apace, that portion of the side margins immediate
ly behind the antero-lateral angle. 

Margins dorso-lateral. On the dorsal part of the cara
pace, a long raised line, smooth, beaded, or tuber-
culate, starting at the posterior end of the antero
lateral margin and continuing posteriorly and 
somewhat toward the center. (Figs. 1,3.) 

Margin, suborbital. On the antero-ventral part of the 
carapace the lower edge of the orbit; it is usually 
more or less crenellate at least near its outer angle. 
(Figs. 2, 3.) 

Margin, vertical lateral. On the side of the carapace 
the long raised line extending upward from the 
ventral margin, directed toward or reaching the 
junction between the antero-lateral and dorso
lateral margins; often obsolescent at least in upper 
part. (Fig. 3.) 

Maxilliped. Any one of six mouthparts, consisting of 
three pairs. The third pair, the outermost, includes 
broad, flat segments that fit closely over the buc
cal cavity. The second pair, in a ventral view of the 
crab, underlies the third pair and is external to, 
and overlying, the first pair. The first pair is ex
ternal to and overlies the maxillae. Morphologi
cally the maxillipeds are posterior to the maxillae. 
(Figs. 2, 33, 36.) 

Mechanisms, isolating. "Properties of individuals 
that prevent successful interbreeding with individ
uals that belong to different populations." (Mayr, 
1969: 405.) 

Megalops. A post-embryological stage of crab devel
opment occurring after the zoea and before the 

crab molts into the first crab stage. In most crabs, 
including all Uca, both zoea and megalops are 
free-swimming. In Uca the few larvae so far iden
tified are pelagic but most individuals of many 
species probably pass even their early stages in 
brackish water and a few far up tidal streams. Cf. 
Zoea. 

Membrane-vibration. Air or air and water inside the 
epibranchial chambers vibrate against the mem
branes at the chelipeds' proximal ends. (Sound 
component no. 13, p. 484.) 

Merus, pi. meri. On a third maxilliped, the more dis
tal of the two large segments that cover the buccal 
cavity; on a cheliped or ambulatory, the fourth 
segment from the proximal end; on each of these 
appendages the merus is distal to the ischium. On 
chelipeds and ambulatories it is the most proximal 
large segment; it is always longer than broad and 
is followed distally by a short carpus. (Figs. 1, 2, 
33.) 

Microhabitat. A local subdivision of a habitat. 
Mill, gastric. See Stomach. 
Minor. Adjective preceding either the noun side or 

the name of an appendage or one of its segments; 
it indicates that the area is on the same side of a 
male as the minor cheliped. Cf. Major. 

Minor-chela-tap. The tip of the claw on the minor 
cheliped strikes the ground several times. (Sound 
component no. 10, p. 484.) 

Minor-merus-rub. Stridulation in which the merus of 
the minor cheliped rubs against an adjacent part 
of the carapace. (Sound component no. 2, p. 482.) 

Minor-claw-rub. Stridulation in which the claw of the 
minor cheliped rubs the suborbital crenellations. 
(Sound component no. 3, p. 482.) 

Minor-merus-drum. Vibration of the merus of the 
minor cheliped against the anterior part of the car
apace. (Sound component no. 8, p. 483.) 

Minor-wave. In waving display, the minor cheliped 
moves similarly to the major. (Component no. 9, 
p. 496.) 

Mound. A low elevation with rounded top on the 
carapace or an appendage. 

Mud. "The result of the reaction and interaction of 
alluvium and living organisms." (Macnae, 1956; 
40.) 

Mud flat. Expanses of muddy land left uncovered at 
low tide. Most occur near river mouths that often 
open into sheltered bays. In the tropics the fiats 
are often partly bordered with mangroves. 

Neotype. "A specimen selected as type subsequent to 
the original description in cases where the original 
types are known to be destroyed or were sup
pressed by the [International Commission on Zoo
logical Nomenclature]." (Mayr, 1969: 407.) 
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Niche. "The precise constellation of environmental 
factors into which a species fits or which is re
quired by a species." (Mayr, 1969: 407.) Cf. 
Habitat; Biotope. 

Orbit. One of the pair of elongate trenches extending 
along most of the anterior part of the carapace, 
in which the eyestalk and eye lie when not in use. 
(Fig. 3.) 

Osmoregulation. See Regulation, osmotic. 
Ovary. In non-breeding Uca females, each of the two 

egg-bearing glands is confined in the coelomic 
cavity to a region between the heart and the pos
terior branchial region. In breeding individuals 
each ovary extends conspicuously far forward and 
laterally and they are in part joined in the midline. 
(Fig. 77.) 

Overhead-circling. In waving display a component in 
which the cheliped does not return to the flexed 
rest position during a series of waves but describes 
aerial circles above the crab's body. (Component 
no. 8, p. 496.) 

Palm. On a cheliped, the inner surface of the propo-
dus, proximal to the pollex; in other words, the 
inner side of a claw proximal to the fingers. (Figs. 
2, 44.) 

Palm-leg-rub. Stridulation resulting from rubbing of 
the major palm against the anterior side of the first 
ambulatory. (Sound component no. 4, p. 482.) 

Palp. The segments of a maxilliped distal to the 
merus. 

Paratype. "A specimen other than the holotype which 
was before the author at the time of the prepara
tion of the original description and was so desig
nated or indicated by the original author." (Mayr, 
1969: 408.) 

Pattern, fixed action. See Component. 
Pereiopod. See Ambulatory. 
Phase. A temporary state that is characterized in 

males by one of a number of general behavior pat
terns. (P. 505.) 

Phase, aggressive wandering. A male moves appar
ently at random through a population that includes 
displaying males, punctuates his passage with 
threats toward them, engages them in combat, 
makes superficial burrow explorations, and at
tempts unsuccessfully to mate. 

Phase, display. In males the temporary condition 
characterized by waving display, burrow-holding, 
threat, combat, and courtship. 

Phase, non-aggressive wandering. A male moves 
through a population or forms part of a drove, 
feeding near the tide's edge. He does not threaten 
or enter into combat, often passes close to display
ing males in a crouching posture, does not hold a 
burrow during low tide, does not wave, and does 
not court. 

Phase, territorial. A condition intermediate between 
the aggressive wandering phase and the display 
phase, often or usually very brief to absent. At this 
time a male holds a burrow and threatens other 
males but does not wave or court. 

Phase, underground. A male remains underground in 
his burrow throughout one or more low-tide 
periods; the period of submersion is usually several 
days unless the crab is undergoing a period of 
hibernation or aestivation. 

Phenetics, numerical. "The hypothesis that relation
ship of taxa can be determined by a calculation of 
an overall, unweighted, similarity value." (Mayr, 
1969: 408.) See also Taxonomy, numerical. 

Pheromone. An external secretion selectively affect
ing the behavior of conspecifics. 

Phytogeny. "The study of the history of the lines of 
evolution in a group of organisms; the origin and 
evolution of the higher taxa." (Mayr, 1969: 409.) 

Pile. A group of short, thickly set setae, often occur
ring in patches on the carapace and appendages; 
the appearance is reminiscent of velvet or fur. 

Pillar. A tower-like structure built of substrate raised 
by a male in display phase beside his burrow. (P. 
500.) 

Pit. An indentation in the integument, small to minute 
and more or less rounded. 

Pleopod. One of the paired appendages arising on the 
ventral sides of certain abdominal segments. In 
males there are only two pairs, one on each side 
of the first two segments; the first of these consists 
of the two genital organs or gonopods. Females 
have one pair on each of the first five segments; 
they are modified for holding the egg-mass. 

Pollex; pi. pollices. On a cheliped's claw, the fixed 
finger, which is the ventral, distal extension of the 
propodus. (Figs. 1, 2, 42, 44.) 

Pollex-base-rub. In high-intensity combat a compo
nent performed when the inactor has partly de
scended his burrow, leaving the claw projecting. 
The actor rubs the prehensile edge of his pollex 
against the outer pollex base of his opponent. (Rit
ualized component no. 5, p. 489.) 

Pollex-rub. In low-intensity combat the outer sides 
of the pollices rub longitudinally. (Ritualized com
ponent no. 2, p. 488.) 

Pollex-under-and-over-slide. In high-intensity com
bat, one pollex slides in turn along the ventral and 
dorsal edges of the opposing pollex. (Ritualized 
component no. 3, p. 488.) 

Population, local. "The individuals of a given local
ity which potentially form a single interbreeding 
community." (Mayr, 1969: 409.) 

Pore. The genital opening of the male, located on the 
distal end of the gonopod. (Fig. 58 D, E.) Cf. fe
male's Gonopore. 
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Posing. A rigid posture adopted occasionally by in
dividuals of both sexes in which the chelipeds are 
usually unflexed and the carapace tilted toward 
the sun. (P. 506.) 

Post-megalops. The first littoral stage or instar; also 
known as the first crab stage. Cf. Zoea and Mega-
lops. 

Prance. A motion in which a male walks stiffly on 
the bent-under dactyls of the ambulatories. Pos
sibly sounds are produced. (Agonistic component 
no. 12, p. 479.) 

Pregape-rub. In high-intensity combat the tips of the 
dactyl and pollex rub longitudinally along the dis
tal outer manus and palm, respectively, of the op
ponent. (Ritualized component no. 10, p. 490.) 

Process, inner. A structure on the distal end of the 
gonopod arising on the inner side but often dis
placed anteriorly by torsion. Its shape varies from 
a large and tumid projection to a slender trans
parent spine. (Fig. 58; p. 464.) 

Prolonged-leg-stretch. In waving display the crab 
holds his body high off the ground throughout a 
series of waves. (Component no. 11, p. 496.) 

Propodus. In crustaceans generally, the predistal seg
ment of a leg-like appendage; in this contribution, 
confined to either of the two chelipeds in Uca; it 
there consists of the manus and its distal extension, 
the pollex. The propodus on the ambulatories in 
this contribution is termed the manus (q.v.). (Fig. 
2.) 

Pubescence. See Pile. 
Raised-carpus. A threat posture of low intensity. The 

major carpus is raised while the claw points 
obliquely down. (Agonistic component no. 1, p. 
479.) 

Rap; rapping. Terms used by Crane (1941.Iff.) in 
previous descriptions of waving display; they were 
equivalent to the present general term drumming. 
The behavior formerly called rapping was found 
to include manus-drums, merus-drums, and ritual-
izations of both. (P. 483.) 

Region (of carapace). An area, usually convex, sep
arated from its neighbors by narrow grooves. 

Region, branchial. (Paired.) A large lateral region 
overlying the branchial cavity. (Fig. 1.) The re
gion includes two other areas with names used in 
this contribution, the epibranchial and metabran-
chial regions (see below). 

Region, cardiac. (Unpaired.) The central area on 
the carapace bounded anteriorly by the naso
gastric, laterally by the branchial, and posteriorly 
by the intestinal regions. (Fig. 1.) 

Region, epibranchial. (Paired.) The anterior part of 
the branchial region. It is bounded anteriorly and 
externally by the margins of the carapace and in
ternally by the hepatic region. (P. 471.) 

Region, hepatic. (Paired.) An antero-lateral area 
bounded anteriorly by the orbital region, internally 
by the mesogastric region and other gastric areas, 
and both externally and posteriorly by the bran
chial region. (Fig. 1.) 

Region, intestinal. (Unpaired.) The most posterior 
of the central areas of the carapace, bounded ante
riorly by the cardiac region, laterally on each side 
by the branchial region and posteriorly by the 
carapace margin. (Fig. 1.) 

Region, mesogastric. (Unpaired.) The central area 
of the carapace that is bounded posteriorly by the 
cardiac region and laterally by the hepatic and 
branchial regions. (Fig. 1.) Anteriorly lie other 
gastric areas. 

Region, metabranchial. (Paired.) The posterior, 
larger part of the branchial region, it is bounded 
anteriorly by the epibranchial part of the branchial 
region and the hepatic region, and internally by 
the mesogastric, cardiac, and intestinal regions; it 
overlies the cavity containing the large gills. (P. 
469.) 

Region, orbital. (Paired.) The area immediately be
hind the eyebrow and adjacent parts of the upper 
margin of the orbit. (Fig. 1.) 

Region, pterygostomian. (Paired.) On the antero-
ventral part of the carapace, the area external to 
the buccal cavity. (Fig. 2.) 

Region, suborbital. (Paired.) On the antero-ventral 
part of carapace, the area immediately behind the 
suborbital margin. Paired. (Fig. 2.) 

Regulation, osmotic. "Osmotic regulation may be de
fined as the regulation of the total particle concen
tration of such fluids at levels different from those 
of the external medium." (Robertson, 1962: 
323.) 

Reversed-circular-wave. In waving display as in the 
usual lateral-circular-wave, except that the cheli-
ped is unflexed at a high point and flexed into rest 
position at a lower level. (Component no. 7, p. 
496.) 

Rhythm, circadian. An endogenous rhythm with a 
cycle roughly 24 hours in length. 

Rhythm, endogenous. A cycle under physiological 
control that continues to operate for a time on its 
previously established schedule in the absence of 
the appropriate external stimuli. 

Rhythm, lunar. An endogenous rhythm with a cycle 
roughly 28 days in length. 

Rhythm, semi-lunar. An endogenous rhythm with a 
cycle roughly 14 days in length. 

Rhythm, tidal. An endogenous rhythm with a cycle 
roughly 12.4 hours in length, its particular tem
poral characteristics changing continually in ac
cordance with the tidal schedule prevailing locally. 

Ridge. An elongate, narrow elevation of the integu-
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ment with a more or less sharp edge that is some
times tuberculate or otherwise armed. Cf. Stria; 
Line, raised; Rugosity; Crest. 

Ridge, distal at dactyl base. The more distal ridge, 
usually tuberculate, on the upper distal part of the 
major palm. (Fig. 43.) 

Ridge, oblique; ridge, oblique tuberculate. On the 
upper, distal part of the major palm, a raised area 
with its projecting edge usually sharply ridge-like 
but sometimes blunt; usually with tubercles ex
tending from the carpal cavity to the vicinity of 
the proximal ventral part of the pollex. (Fig. 43.) 

Ridge, proximal at dactyl base. The more proximal 
ridge, usually tuberculate, on the upper distal part 
of the major palm; vertical or nearly so in its up
per part, its lower portion curves distally to merge 
with the tubercles of the inner row on the dactyl's 
prehensile edge. (Fig. 42.) 

Right-clawed. The cheliped on the crab's right side 
is enlarged. 

Ritualization. In the evolution of an animal's behav
ior, changes in a movement and certain associated 
structures so that they come to serve as a signal 
in communication, or as a different signal, or to 
function in some other social capacity. (P. 519.) 

Rugosity. A roughness of the integument, usually in 
the form of short, blunt, irregular ridges, non-
tuberculate, irregularly shaped, and arranged in 
groups, the alignment of the individual rugosities 
being roughly parallel. 

Sac, pericardial. (Paired.) A water-absorbing organ 
in the posterior part of the branchial cavity. (Fig. 
78.) It aids in controlling the maintenance of 
moisture. 

Salinity. The proportion of dissolved materials in 
seawater. Measured in parts per thousand (°/00). 
Normal seawater ranges, depending on latitude, 
between 34°/00 and 37°/00. 

Sand. "A material consisting of comminuted frag
ments and water-worn particles of rocks (mainly 
siliceous) finer than those of gravel; often spec, as 
the material of a beach, desert, etc." (The Shorter 
Oxford English Dictionary, 3rd ed.) 

Semi-unflexed-wave. In waving display the cheliped 
is partly unflexed as it is raised. (Component no. 
3, p. 496.) 

Series. (1) "In taxonomy, the sample which the col
lector takes in the field or the sample available for 
taxonomic study." (Mayr, 1969: 411.) (2) In 
waving display a group of waves and their associ
ated motions performed by an individual in an un
interrupted sequence. 

Serration. One of a series of somewhat compressed 
tubercles occurring on the margins of appendages; 
each is more or less triangular with the apex di
rected toward the distal end of the segment. 

Seta, adj. setose. An unjointed appendage, either soft 
and hair-like or a stiff bristle. Setae vary greatly 
in microscopic characteristics and many are doubt
less sensory in function; they occur plentifully on 
most parts of the body and jointed appendages. 

Seta, spoon-tipped. On a mouthpart, especially on the 
merus of the second maxilliped, a seta ending in a 
more or less concave expansion, usually lobed or 
pectinate. (Figs. 36, 37.) 

Sonogram. "A graphic representation of the vocaliza
tion of an animal." (Mayr, 1969: 411.) 

Speciation. "The splitting of a phyletic line; the proc
ess of the multiplication of species; the origin of 
discontinuities between populations caused by the 
development of reproductive isolating mecha
nisms." (Mayr, 1969: 412.) Cf. Speciation, Allo-
patric; Speciation, sympatric. 

Speciation, allopatric. "Species formation during geo
graphic isolation." (Mayr, 1969: 397.) 

Speciation, sympatric. "Speciation without geograph
ic isolation; the acquisition of isolating mecha
nisms within a deme." (Mayr, 1969: 412.) 

Species. "Groups of actually (or potentially) inter
breeding natural populations which are reproduc-
tively isolated from other such groups. . . ." 
(Mayr, 1969: 412.) Cf. Subspecies; Population, 
local; Isolation, reproductive; Mechanisms, iso
lating. 

Species-specific. An attribute characteristic of a spe
cies; often used in connection with behavior pat
terns or their components. 

Spermatophore. A capsule containing spermatozoa 
transferred through the male gonopod into the fe
male gonopore. 

Spine. A long, pointed tubercle. 
Sternum. The segmented, ventral surface of the body 

lying between the proximal segments of the two 
chelipeds and of each pair of ambulatories. (Fig. 
2.) In males the narrow abdomen folds forward 
into a groove that runs longitudinally down the 
sternum's midline. In adult females the broad ab
domen, folded similarly forward, almost covers the 
sternum. 

Stomach. A general term for the central part of the 
gut. Its most conspicuous component is the so-
called gastric mill, a muscular sac with hard, inter
nal ridges located between the lobes of the hepato-
pancreas. (Fig. 80.) 

Stria. In this contribution used only of a ridge or 
raised line, very small to minute in all dimen
sions—length, height, and thickness; usually more 
or less parallel to other such structures; it may be 
unarmed, beaded, or tuberculate. This meaning of 
the word is included among the definitions given, 
for example, in The Shorter Oxford English Dic
tionary, 3rd ed.; there it appears as follows: "2. 
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Chiefly in scientific use. A small groove, channel, 
or ridge." Cf. Ridge; Line, raised. 

Stria, postero-lateral. A stria on the postero-lateral 
part of the carapace, behind and usually external 
to the postero-lateral end of the dorso-lateral mar
gin; when fully developed there are two, more or 
less parallel to each other, on each side. (Figs. 1, 
3.) 

Stridulation. Sound production by a single individual 
performed by rubbing, tapping, or vibrating one 
part of the body against another, either or both of 
which are suitably armed. The parts involved may 
be those of an appendage against the carapace or 
of two or more appendages against one another. 

Style. A slender projection of the eyestalk beyond the 
distal end of the eye (cornea). 

Subdactyl-and-subpollex-slide. In high-intensity com
bat, the upper edge of one dactyl moves to and 
fro longitudinally along the prehensile edge of 
the opponent's dactyl, while the prehensile edge of 
the pollex moves similarly along the lower edge 
of the opponent's pollex. (Ritualized component 
no. 4, p. 489.) 

Subdactyl-and-suprapollex-saw. In high-intensity 
combat, one dactyl's prehensile edge moves trans
versely across part of the prehensile edge of the 
opponent's pollex. (Ritualized component no. 15, 
p. 491.) 

Subgenus. An optional taxonomic category, consist
ing of a group of species the members of which 
appear to be more nearly related to one another 
than they are to other members of the genus. 

Subspecies. "A geographically defined aggregate of 
local populations which differs taxonomically from 
other such subdivisions of the species." (Mayr, 
1969: 412.) 

Substrate. A general term for the terrestrial compo
nents of a biotope, composed partly or largely of 
inorganic matter, such as mud or sand. 

Superspecies. "A monophyletic group of entirely or 
largely allopatric species." (Mayr, 1969: 412.) In 
the present contribution the term is used as fol
lows: a group of allopatric species, each of which 
appears to be more closely related to its neighbors 
within the superspecies than to other members of 
the genus, with the occasional exception of sym-
patric members of its alliance. The term has no 
official taxonomic standing. In headings the name 
is enclosed in brackets, as suggested by Amadon 
1966: 245). Cf. Alliance; Allopatry. 

Supraheel-rub. In high-intensity combat, the dactyl 
rubs vertically against the heel of the opponent's 
manus, the pollex meanwhile lying against his 
palm. (Ritualized component no. 13, p. 491.) 

Sympatry. "The occurrence of two or more popula
tions in the same area; more precisely, the exist
ence of a population in breeding condition within 

the cruising range of individuals of another popu
lation." (Mayr, 1969: 413.) In the present con
tribution, use of the word is restricted as follows: 
in the broad sense sympatry indicates the occur
rence of more than one species of Uca in the same 
area, within sight of one another and without phys
ical barriers between the populations; in the re
stricted sense it indicates such an occurrence of 
members of the same subgenus, particularly of 
those showing the closest interspecific relationship, 
as among members of an alliance (q.v.). Adj.: 
Sympatric; in this study used also as a n. (cf. 
allopatric). 

Synonym. "In nomenclature, each of two or more 
different names for the same taxon." (Mayr, 1969: 
413.) 

Synonymy. "A chronological list of the scientific 
names which have been applied to a given taxon, 
including the dates of publication and the authors 
of the names." (Mayr, 1969: 413.) 

Syntype. "Every specimen in a type-series in which 
no holotype was designated." (Mayr, 1969: 413.) 

Systematics. "The science dealing with the diversity 
of organisms." (Mayr, 1969: 413.) 

Tapping. In combat of both low and high intensities, 
part of the prehensile edge of the dactyl, the pol
lex, or both tap against part of the opponent's dac
tyl or propodus. Tapping sometimes forms a part 
of a number of ritualized components. (P. 491.) 
Cf. Vibration; Claw-tap. 

Taxon, pi. taxa. "A taxonomic group that is suffi
ciently distinct to be worthy of being distinguished 
by name and to be ranked in a definite category." 
(Mayr, 1969: 413.) 

Taxonomy. "The theory and practice of classifying 
organisms." (Mayr, 1969: 413.) 

Threat. Aggressive postures and motions confined in 
males to individuals in the aggressive wandering, 
territorial, and display phases; in females they ap
pear when approached by an aggressive wanderer, 
or when in a non-receptive phase. Although in 
males threats usually precede combat, the behav
ior appears far more often than combats. See ago
nistic postures and motions, and discussion; pp. 
478, 516. 

Thumb. (1) In older literature the fixed finger or 
pollex on a cheliped. (2) On the male gonopod, 
a subdistal structure (Fig. 56). Equivalent to the 
palpus of von Hagen, 1962. 

Tomentum. See Pile. 
Tooth. A tubercle, larger than the other tubercles in 

the same series and usually of a different shape. 
Topotype. "A specimen collected at the type-local

ity." (Mayr, 1969: 413.) Such specimens are not 
necessarily given official taxonomic status. 

Torsion. A characteristic of the male gonopod in 
some species in which part of the distal end is 
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twisted so that one or more of its structures are 
displaced from their more usual positions. (P. 
464.) 

Tubercle. A small projection on the integument, 
either blunt or more or less conical, but of widely 
diverse shapes and sizes. Usually in series or 
groups. When very small in comparison with ad
jacent armature, the structure is here termed a 
granule, the name being imprecise. If larger and, 
particularly, different in shape from its neighbors, 
it is called a tooth. See also Serration, Spine, 
Crenellation, and Edge, Beaded. 

Type. "A zoological object which serves as the base 
for the name of a taxon." (Mayr, 1969: 413.) 

Type-locality. "The locality at which a holotype, 
lectotype or neotype was collected. (Cf. topo-
type.)" (Mayr, 1969: 414.) 

Type-species. The species in a genus or subgenus 
which was designated as its type. 

Upper-and-lower-manus-rub. In high-intensity com
bat the prehensile edges of one claw rub along the 
upper and lower margins of the opponent's manus. 
(Ritualized component no. 7, p. 489.) 

Upset. In combat, an unritualized final component 
in which one crab is turned completely upside-
down. The rarest of all combat components. 
(Forceful component no. 2, part, p. 488.) 

Vertical-wave. In waving display, the flexed cheliped 
moves up and down. (Component no. 1, p. 496.) 

Vibration. In sound production and in combat the 
rapid tapping by an appendage against the cara
pace, another appendage, or the substrate, or, in 
ritualized waving display, certain motions in the 
air. For present practical purposes, the word is 
confined to motions repeated at rates faster than 
50 per second. At this rate, a blur on the film re

sults when motion picture film is exposed at 24 
frames per second, giving, when the frames are 
viewed through a dissecting microscope, a conven
ient means of distinguishing in combat between 
tapping and vibration. Vibration is here used syn
onymously with drumming, as employed in the 
names of certain behavioral components. Cf. Tap
ping. 

Walking leg. See Ambulatory. 
Wanderer. (1) A male in a non-aggressive phase, 

characterized by lack of attachment to a particu
lar burrow. See Phase, non-aggressive wandering. 
(2) A receptive female at least in the subgenera 
Minuca and Celuca, as she moves through a dis
playing population. 

Wanderer, aggressive. See Phase, aggressive wander
ing. 

Wave. A general term for the rhythmic raising and 
lowering of the major cheliped during waving dis
play. (P. 494.) 

Wave, diminishing. In waving display, a wave lower 
than its predecessor in a single series. 

Wave, primary. In waving display, the first and high
est wave in a series. 

Whitening, display. Temporary color lightening dur
ing the display phase of males and less often of 
females; it is characterized by the expansion of 
white chromatophores at least on the carapace. 
(P. 466.) 

Withdrawal. Behavior associated with combat, in 
which a burrow-holder descends partway or en
tirely into his own burrow. (P. 491.) 

Zoea, pi. Zoeae. One of the aquatic larval stages of 
crabs. Its outstanding morphological features are 
the occurrence of one or more large spines on the 
carapace. See also Megalops. 
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Entries in boldface are the names of subgenera, 
species, and subspecies of the genus Uca which in 
this contribution are considered valid. Page num
bers in boldface refer to the principal treatment of 
each of these entries, in accordance with the topics 
listed and described on pp. 10-13. 

Several of the subheadings provided for the longer 
entries serve only as general guides. For example, 
the subheading "evolution" may include references 
to apparent phylogeny, morphological responses to 
ecological pressures, and possible derivations of be
havioral components. 

Acanthoplax, 20, 147, 149, 153, 323, 602 
acuta, 25-28; distribution, 433, 437; keys, 

623, 625; material, 592; morphological 
cfs., 22-23, 30, 33, 49, 466; nomen
clature, 29, 31, 39, 44, 51, 53. See also 
subspecies, below 

acuta (superspecies), 24, 25, 27-29, 40, 
432,528 

acuta acuta, 25-28, 28, 36, 45-46; key, 
625; material 592 

acuta rhizophorae, 25-28, 27, 30, 33, 35, 
42, 51, 524; key, 623; material, 592 

acutus, 25, 27-28, 31, 47, 51, 61 
affinis (of Guerin), 81, 171, 172, 322 
affinis (of Streets), 171, 172, 175,322 
Afruca, 116-17, 118-24; behavior, 128, 

479, 481, 484, 500-502, 522; color, 
467-68; evolution, 19, 127, 432, 459, 
532-33; key, 619; material, 600; mor
phological cfs., 125, 145, 151, 213, 
454-55,459, 464,466, 469; size 17, 449 

Agama (as predator), 446 
albimana, see annulipes var. albimana 
amazonensis, 101, 103, 322, 599 
Amphiuca, 96-97, 98-108; behavior, 481, 

497, 500, 502; color, 467-69; distribu
tion, 432; evolution, 19, 163, 532-33; 
key, 619; materiaf 598-99; morpholog
ical cfs., 86, 125, 454, 462, 464, 469; 
size, 449; sympatrics, 79, 297 

angustifrons, 66, 69 
annulipes, 188, 292, 298-99, 301-302, 

326, 611. See also annulipes var. al
bimana, annulipes var. lacteus, an
nulipes var. orientalis, and lactea an
nulipes 

annulipes var. albimana, 298, 302 
annulipes var. lacteus, 303 
annulipes var. orientalis, 298, 303, 612 
arborescens, 446 
arcuata, 44-47; behavior, 50, 474, 500, 

513, 673; distribution, 176, 433, 437; 
ecology 58, 442, 452; evolution, 24, 
452; key, 625; material, 594; morpho
logical cfs., 21, 25-26, 30, 33, 36, 49, 
53, 84; nomenclature, 28, 57; sym
patrics, 27, 84 

arcuatus, 28, 47, 57, 61, 594 
argillicola, 161, 186, 211, 213, 217, 220-

22; key, 627; material, 607 
armatus, 147, 149, 602 

aspera, 486 
australiae, see demani australiae 
Australuca, 62-63, 64-74; behavior, 461, 

497, 500, 502; color, 467; distribution, 
295, 432; evolution, 18, 295, 436-37, 
531-33; key, 619; material, 595-96; 
morphological cfs., 40, 46, 53, 59, 86, 
218, 454, 459, 460, 462, 464; nomen
clature, 327; size, 449 

Avicenna, 445 

basipes, 322 
batuenta, 244-46; behavior, 63, 248-49, 

254, 256, 259, 262, 266, 306, 313, 461, 
480; evolution, 218; key, 627; material, 
609; morphological cf., 248, 461; 
nomenclature, 609; size, 17, 449; sym
patrics, 249, 253, 256, 280, 282 (cf. 
only), 309 

beebei, 278-81; behavior, 277, 283-84, 
311, 461, 480, 498, 500-501, 504, 507; 
color, 468-69; distribution, 282; evolu
tion, 217-18, 268, 275; key, 629; ma
terial, 610; morphological cfs., 134, 
211, 216, 275-76, 282-83, 287, 461, 
464, 480; sympatrics, 135, 253, 256, 
282,284,309,313,317,321 

bellator, 64-69; behavior, 72, 497, 500; 
distribution, 326-27; evolution, 63; 
keys, 623-24; material, 595-96; mor
phological cfs., 40, 62-63, 73; nomen
clature, 62, 323, 326; sympatrics, 35, 
71. See also subspecies below 

bellator bellator, 64-66, 66,69, 595 
bellator longidigita, 64, 66, 68, 69, 596, 

624 
bellator minima, 64-66, 68, 596 
bellator signata, 66,67,69, 596 
bengali, see triangularis bengali 
Boboruca, 109-11,112-15; behavior, 497, 

500, 502; color, 467; evolution, 18-19, 
145, 163, 436, 532-33; key, 619; ma
terial, 600; morphological cfs., 463; 
size, 449; sympatrics, 146, 195 

borealis, see vocans borealis 
brasiliensis, seepugnax brasiliensis 
Brasiliensis, see Uka una, Brasiliensis 
brevifrons, 154-56, 164-65, 174, 176-77, 

180-82, 184, 222, 233, 461, 472, 602; 
key, 629; material, 604-605 

brevifrons var. delicata, 182, 605 

brevipes, 47, 594 
Bufo marinus, 673 
burgersi, 168-72; behavior, 156, 174, 

443, 498-99; color, 665; distribution, 
326-27; ecology, 665; evolution, 157, 
176; key, 631; material, 603-604; mor
phological cfs., 154, 156, 164, 173-74, 
177, 180-81, 192-93, 196-97, 237; 
nomenclature, 165, 174, 322, 324-25, 
327; sympatrics, 165, 173, 175, 195-96, 
230, 306 

Callinectes, 479 
Cancer, 20, 75, 81, 89, 93, 138-39, 148, 

165, 167, 172, 198, 204, 227, 324, 326, 
455, 495 

Cancridae, 486 
capricornis, see dussumieri capricornis 
Cardisoma, 479 
Carpilius, 479 
Celuca, 211-19, 220-321; behavior, 100, 

460-61, 479, 481-83, 485, 487, 494, 
498-502, 516, 518, 522, 524; color, 
466-68; descriptive methods, 11; ecol
ogy, 442, 444, 455; evolution, 18-20, 
157, 436, 497, 524, 530, 532-35; key, 
620; material, 607-614; morphological 
adaptations to combat, stridulation, 
457, 458, 462; morphological cfs., 10, 
17, 63, 96, 114, 154-56, 161, 177, 180, 
207,451, 453-54, 459, 463-66; nomen
clature, 18, 323, 327; size and allome-
try, 449-50; sympatrics, 65, 88, 113, 
134-35, 146, 186, 195, 200, 203 

ceratophthalmus, 434 
chlorophthalmus, 98-104; behavior, 105, 

500, 503, 513; color, 468-69; distri
bution, 77, 80, 428, 432, 437, 528; 
evolution, 528, 532; heat tolerance, 
442; keys, 620, 622; material, 598-99; 
morphological cfs., 23, 27, 59, 78, 96, 
105-106, 163, 294, 464, 469; nomen
clature, 108, 322, 324; sympatrics, 60, 
77, 297. See also subspecies below 

chlorophthalmus chlorophthalmus, 99-
102,102,103, 322, 599 

chlorophthalmus crassipes, 79, 100-101, 
101,102, 291, 324, 623,625, 598-99 

Ciccaba (predator), 188 
cimatodus, 122, 123 
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coarctata, 52-57; behavior, 50, 483, 500, 
503, 529; biotopes, 50, 675; distribu
tion, 35, 50, 437; evolution, 437, 529; 
keys, 622, 624; material, 594-95; mor
phological cfs., 23, 26, 30, 32-33, 40, 
45-46,49, 51, 59, 529; nomenclature, 
39, 51, 323, 326; sympatrics, 35, 51, 
65, 71, 73, 100, 289. See also sub
species below 

coarctata (superspecies), 24, 35, 40, 44, 
48,52, 54-55, 58, 432, 437, 455, 464, 
529 

coarctata coarctata, 37,41, 50-51, 53-55, 
55, 56-57, 326, 500, 508,529,594-95 

coarctata flammula, 34, 53-55, 56, 57, 
323, 437, 500, 595 

coarctatus, 55, 57, 594 
coloradensis, 234, 235, 310, 608. See also 

crenulata coloradensis 
consobrinus, 298, 299, 303, 612 
crassipes, 98, 102, 599. See also chloro-

phthalmus crassipes 
crenulata, 232-35; distribution, 432, 436, 

438, 443; evolution, 217-18; key, 626; 
material, 608; morphological cfs., 211, 
236, 241, 245, 258, 316, 466; zones, 
climatic, 442. See also subspecies 
below 

crenulata (superspecies), 10, 229, 232, 
236, 237, 240, 241, 244, 245, 247-48, 
252, 255, 259, 261, 262, 265, 268, 275, 
327 

crenulata coloradensis, 232-35, 234, 
240-41,608 

crenulata crenulata, 232-33, 234,608 
crenulatus, 234 
Culex, 528 
cultrimana, 94, 598 
cultrimanus, 89, 94, 598 
cumulanta, 240-43; behavior, 244, 254, 

275, 284, 304, 313, 480, 483, 485, 500-
501; color, 469; distribution, 238; 
evolution, 217-18; key, 630; material, 
608-609; morphological cfs., 216, 230, 
233-34, 275, 305, 466; nomenclature, 
238-39; sympatrics, 113, 146, 195-96 

cunninghami, 322 

dampieri, see vocans dampieri 
deichmanni, 311-13; behavior, 244, 461, 

482, 485, 524; evolution, 217-19; key, 
626; material, 613-14; morphological 
cfs., 212, 216, 304-305, 316-17; no
menclature, 211; sympatrics, 253, 309 

delicata, see brevifrons var. delicata 
Deltuca, 21-24, 25-61; behavior, 67, 

176, 217, 220, 286, 461, 465, 500, 502, 
506, 511-12, 520; biotopes, 100, 297; 
color, 467-69; evolution, 18-19, 63, 76, 
155-56, 217, 436-37, 524, 530-35; key, 
619; material, 592-95; methods, de
scriptive, 11; morphological cfs., 10, 
19, 63, 75, 77-78, 84, 86, 96, 126, 129, 
156, 213, 287, 451, 453-55, 459-60, 
462-64, 466; nomenclature, 323; salin
ity preference, 442; size, 449; sym
patrics, 65, 71, 73, 100,297,530 

demani, 39-43; behavior, 23-24,461, 512; 
biotope, 512; color, 468; distribution, 
432; evolution, 24, 437; key, 622; ma

terial, 593-94; morphological cfs., 21, 
23, 26, 30, 33, 46, 49, 53; nomen
clature, 25, 28; sympatrics, 35, 100. 
See also subspecies below 

demani australiae, 40-42, 41, 594, 624 
demani demani, 23,40-42,42, 54, 593-94 
demani typhoni, 40-42, 41, 326, 594 
desjardinei, 80, 596 
dexialis, 322 
dorotheae, 218, 274, 275-77, 279, 309; 

key, 627; material, 610 
Dotilla, 442-43, 446, 478, 480, 486, 494, 

512 
Drosophila, 191 
dubia, 36, 38,437 
dubius, 36, 38 
duperreyi, 80-82, 322, 324 
dussumieri, 32-38; behavior, 42, 483, 

503, 506, 512, 529; distribution, 432, 
433, 437, 447; evolution, 85, 528-29; 
keys, 621, 623-24; material, 592-93; 
morphological descriptions and cfs., 
21-23, 26, 30, 40, 48-49, 53, 56, 59, 
451,454, 459, 466; nomenclature, 12, 
39, 41, 44, 57, 60-61, 595; sympatrics, 
27, 73, 100, 289. See also subspecies 
below 

dussumieri capricornis, 33-37,36, 54, 592 
dussumieri dussumieri, 33-38, 37, 41, 45, 

51,54,327,437,529,593,624 
dussumieri spinata, 33-38, 36, 45-46, 48, 

50-51,129, 327, 437, 464, 592-93, 625 

ecuadoriensis, 166, 167, 602. See also 
vocator ecuadoriensis 

eibl, see leptochela eibl 
Euplax, 14 
Eurychelus, 132 
Euryneme, 486 
Eurypharynx, 456 
excellens, 323 
excisa, 89-90, 95 

festae, 5, 216, 218, 267-270, 274-75, 
312, 450, 513, 523, 676; key, 628; 
material, 610 

flammula, see coarctata flammula 
forceps, 298, 301,323 
forcipata, 48-51; behavior, 500, 507, 529; 

distribution, 35, 41, 54, 327, 437; evo
lution, 529; keys, 621, 623; material, 
594; morphological cfs., 23, 26, 30, 
32-33, 40, 45-46, 52-53, 56, 58-59; 
nomenclature, 25, 29, 39, 41, 44, 57, 
593; sympatrics, 25, 27, 29, 529 

forcipatus, 21, 41,42, 47, 51, 57, 594 
formosensis, 75-76, 78, 83-84, 86, 433, 

437,466; key, 625; material, 597 

gaimardi, 98, 101-104, 599 
galapagensis, 183-89; behavior, 452; 

color, 468; distribution, 190; ecology, 
207, 272, 452; evolution, 157, 432, 
452; growth, 461; key, 629; material, 
605; morphological cfs., 164, 191-93, 
200-201, 207, 233, 452, 461; nomen
clature, 160, 190, 274; sympatrics, 
165. See also subspecies below 

galapagensis (superspecies), 157, 183, 
190,200,206, 209 

galapagensis galapagensis, 156-57, 184, 
186-88,187,191, 194, 269,468, 605 

galapagensis herradurensis, 184, 186, 186, 
187-89,191-92, 194, 207, 222, 605 

gaudichaudii, 480, 507 
Gecarcinidae, 507 
Gecarcinus, 479 
Gelasima, 80, 89, 94, 148, 227, 324 
Gelasimus: refs. to type description and 

synonymy, 20; mentioned throughout 
as genus in which many species and 
their synonyms were described; see 
especially Systematic Section, sub
headings "Type Material and Nomen
clature" and "References and Syn
onymy" 

gibbosa, 307 
gibbosus, 2%5, 307, 317,610 
glabromana, see macrodactyla glabro-

mana 
Goneplax, 81, 89, 93-94, 167, 324 
Gonoplax, 93, 148 
gracilis, 234, 235 
grangeri, 138, 139 
Grapsidae, 484, 486 
Grapsus, 479 
guayaquilensis, 270, 610 

hamlini (fossil), 157 
helleri,211, 218, 271-73, 274, 466; key, 

627; material, 610 
Heloecius, 14,464,486, 495 
herradurensis, 189, 605. See also gala

pagensis herradurensis 
hesperiae, see vocans hesperiae 
heterochela, 139 
heterocheles, 139 
heterochelos, 136, 138-39 
heterochelos var. minor, 326 
heterophthalmus, 142, 601 
heteropleura, 133-35; behavior, 461; bio

topes, 142; evolution, 87, 120, 127, 
136, 140, 533; key, 626; material, 601; 
morphological cfs., 87, 120, 126, 
129-30, 136-37, 140-41, 144, 455; 
style, 455; sympatrics, 140, 142, 253, 
281,313 

heteropleurus, 135, 601 
huttoni, 323, 325 

Ilyoplax, 14, 436, 443, 446, 480, 486, 
494, 520 

inaequalis, 254-57; behavior, 146, 284, 
461, 480-82, 522; evolution, 218, 459; 
key, 627; material, 609; morphological 
cfs., 211-12, 216, 258, 265, 272, 459, 
465; sympatrics, 246, 265, 280, 321 

insignis,20, 128, 143, 147, 149, 152-53, 
323, 602. See also maracoani insignis 

inversa, 105-108; behavior, 452, 505, 532; 
biotopes, 217, 442, 532; distribution, 
432, 437; evolution, 452, 532; keys, 
620, 622; material, 599; morphological 
cf., 294; nomenclature, 326; seasons, 
effects on behavior, 505, 532; sym
patrics, 217; temperature tolerance, 
442. See also subspecies below 

inversa inversa, 97, 99, 105-106, 107, 108, 
294,442,467,468,599 

inversa sindensis, 106-107,108,599 
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inversus, 106-108, 599 
inversus var. sindensis, 107-108 
ischnodactylus, 55, 57, 595 

lactea, 292-303; behavior, 32, 256, 284, 
444, 483, 487, 489-90, 494, 497, 500-
501, 503, 515-16, 518, 523; biotopes, 
88,278, 286; color, 216, 288, 467-68; 
distribution, 64, 432-33, 437, 533; 
evolution, 85, 218-19, 436-37, 465, 
523, 533; keys, 621-23, 625; material, 
611; morphological cfs., 27, 105-106, 
211-12, 214, 287, 451, 465; nomen
clature, 103, 322-24, 591; sympatrics, 
60, 65, 85, 88, 289; temperature toler
ance, 442. See also subspecies below 

lactea annulipes, 299; behavior, 500, 503; 
biotope vs. proportions, 450; color, 
216,467-69; evolution, 527; material, 
611; morphological cfs., 99, 450; no
menclature, 293; sympatrics, 106; tem
perature tolerance, 442; transporta
tion, live crabs, 673. See also lactea, 
293-303 

lactea lactea, 216, 293-95, 297-301, 300, 
323,467-68,500,612,625 

lactea mjobergi, 293-98,299-300,612 
lactea perplexa, 216, 238, 254, 293-299, 

300-301, 324, 437, 450, 468-69, 500, 
612 

lacteus, 301-302, 612. See also annulipes 
var. lacteus 

lanigera, 166-67, 602 
latimana, 321 
latimanus, 186, 211, 216, 218-19, 281, 

313, 315, 319-21, 450, 452, 459, 468, 
500; key, 626; material, 614 

latreillei, 98, 101-03, 599 
leptochela, 218, 268, 270, 272-73, 274, 

275,466; key, 628; material, 610 
leptochela leptochela, 273 
leptochela eibl, 274 
leptodactyla, 304-307; behavior, 452, 

500; biotopes, 240, 242; color, 468; 
evolution, 218-19, 306, 452, 460; key, 
630; material, 613; morphological 
cfs., 230-31, 241, 309, 312, 452, 460; 
nomenclature, 325; sympatrics, 196, 
230 

leptodactyla (superspecies), 304,308 
leptodactylus, 306-307, 613 
leptostyla, 323 
limicola, 218-19, 280, 305, 308-10, 312, 

316,461; key, 627; material, 613 
longidigita, see bellator longidigita 
longidigitum, 69 
longisignalis, 190, 193, 196, 199-200, 606. 

See also rapax longisignalis 

macrodactyla, 188, 605 
macrodactyla glabromana, 186, 189, 208, 

605 
macrodactyla macrodactyla, 189 
macrodactylus, 157, 183, 186, 188-89, 605 
Macrophthalmus, 14, 18, 127, 433, 435, 

446,463-64,469, 480, 486, 494 
Maja, 486 
Majidae, 486 
major, 136-39; color, 304, 468; evolution, 

127, 530; key, 629; material, 601; mor

phological cfs., 125-27, 130, 143, 466, 
530; nomenclature, 20, 132, 148; sym
patrics, 146,195-96, 242 

major (superspecies), 133, 136 
manii, 25, 29, 31,51,594 
maracoani, 143-49; behavior, 128, 150, 

152, 256, 284, 459, 479, 484, 500-501, 
503, 505, 512-13, 522-24; biotope, 128, 
444; color, 467; in crabberies, 675; 
distribution, 163, 183, 324; evolution, 
127, 163, 183, 324, 432, 435-36, 530; 
gills, 469; keys, 626, 629; material, 
601-602; morphological comparisons, 
126-27, 130, 137, 141, 150-51, 454, 
459, 466, 472, 530; nomenclature, 20, 
125, 152, 163, 183; size and allometry, 
450, 455, 459; sympatrics, 113, 138, 
195, 242. See also subspecies below 

Maracoani, 148 
maracoani insignis, 20, 144-47, 147, 

149-51, 153, 323, 327, 449, 602, 626 
maracoani maracoani, 144-48, 147, 150, 

327,601-602, 629 
marinus, (Bufo), 673 
marinus, minor, vociferans, 81 
marionis, 85, 89, 94-95, 598 
marionis excisa, 95, 598 
marionis forma excisa, 95 
marionis nitida,'219, 222, 507 
marionis nitidus, 94-95 
marionis var. nitida, 85-86, 89, 95 
marionis var. nitidus, 558 
marionis var. vomeris, 89, 95 
marionis vomeris, 598 
matadensis, see tangeri var. matadensis 
mearnsi, 53, 55, 57, 323, 595 
Menippe, 479 
mertensi, 261-63, 609 
minax, 176-79; allometry, 450; behavior, 

156, 200, 202, 304, 500-501; biotope, 
226; color, 200; distribution, 225, 443; 
evolution, 156, 180, 452; key, 631; 
material, 604; morphological cfs., 174, 
180-81, 192, 197, 201, 203, 454; no
menclature, 172, 175, 198, 325; sym
patrics, 200, 203, 226; temperature and 
activity, 441 

minax (superspecies), 157,173,176,180 
minima, see bellator minima 
minor, 323-24. See also "marinus, minor, 

vociferans"; vocans minor; and hetero-
chelos var. minor 

Minuca, 152-57,158-211; behavior, 100, 
113, 128, 217, 249, 443, 459-61, 481-
82, 484-85, 487, 498, 500-502, 505, 
518, 523-24; color, 467-68; distribu
tion, 432; dry season, effect of, 664; 
evolution, 18-19, 216, 225, 435-36, 
497, 529-34; key, 620; material, 602-
607; methods, 664; morphological 
characteristics and cfs., 10, 96, 114, 
221, 224-25, 233, 237, 241, 451-53, 
458, 461-65; nomenclature, 18, 322, 
327; paedomorphism, 455; salinity, 
range, 444; size and allometry, 17, 
449-50; sympatrics, 113, 138, 146, 222, 
226,230,269,281,317 

mjobergi, 298, 303, 612. See also lactea 
mjobergi 

monilifer, 132 

monilifera, 127, 131-32, 601. See also 
princeps monilifera 

Montrichardia, 446 
mordax, 173-75; behavior, 128, 178, 195, 

499; biotope, 176; distribution, 169; 
evolution, 156-57, 176-77, 180, 499; 
key, 630-31; material, 604; morpho
logical cfs., 154, 156, 164, 168-70, 177, 
180-81, 192-93, 465; nomenclature, 
18, 154, 165, 167-72, 196, 325, 603; 
sympatrics, 165, 169, 171, 192-93, 
195-96 

murifecenta, 166-67, 603 
musica, 211, 218, 314-18, 327, 480; key, 

626; material, 614. See also subspecies 
below. 

musica musica, 219, 233, 314-17, 317, 
432, 614 

musica terpsichores, 219, 242, 281, 313-
18, 316-17, 321, 460, 468, 500, 507, 
525,614 

Mycteris, 463-64, 478, 495 

nigrolineata (Ciccaba), 189 
nitida (Gelasimus nitidus Dana, 1851), 85, 

87, 90, 92, 95, 324 
nitida (Goneplax nitida Desmarest, 1817, 

fossil), 89, 94, 324 
nitidus (Gelasimus nitidus Dana, 1851), 

89, 94-95, 324 
nitidus (Goneplax nitida Desmarest, 1817, 

fossil), 89, 94, 324 
novaeguineae, 98-99, 101, 103, 291, 599 

Ocypoda, 81, 138,227 
Ocypode, 14-16, 18, 81, 93, 125, 139, 148, 

227, 301, 326, 434-35, 446, 455, 462-
464, 469, 471, 480, 484, 486, 499, 507, 
531; key, 619 

Ocypodidae, 14,486 
Ocypodinae, 14; key, 619 
oerstedi, 251-53; behavior, 311, 501; 

evolution, 218,459; key, 628; material, 
609; morphological cfs., 212, 216, 254, 
261, 264-65, 272; sympatrics, 135, 246, 
256,309,313 

oldroydi, 127 
olympioi, 231 
orientalis, see annulipes var. orientalis 
ornata, 150-53; behavior, 143, 145, 256, 

284, 459, 461, 479, 512, 522-24; bio
tope, 444; color, 467; evolution, 127, 
143, 145, 459; key, 626; material, 602; 
morphology, cfs. and characters, 125-
26, 130, 141, 145, 147-48, 453, 455, 
459-60; nomenclature, 147, 323; sym
patrics, 131, 135,146,249,281 

ornatus, 152-53, 602 
orthomana, 268, 270, 610 

Pachygrapsus, 479 
paciflcensis, see vocans pacificensis 
palustris, 113, 148, 178, 324-25 
panamensis, 154-55, 157, 158-60, 164, 

221, 317, 444, 461, 472; key, 626; ma
terial, 602 

Pandanus, 446 
Parthenopidae, 486 
Periophthalmus, 446 
perlatus, 122-23, 600 
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perplexa, 292. See also lactea perplexa 
perplexus, 94, 291, 298, 302, 612 
Phragmites, 446 
pipiens, 528 
pizarri, 153, 602 
platydactyla var. stylifera, 142 
platydactylus (subgenus Afruca), 123-24 
platydactylus (subgenus Uca), 132, 138-

39,601 
Pocillopora, 434 
poeyi, 325 
polita, 62-63, 65, 72-74, 432, 435; key, 

624; material, 596 
porcellanus, 29%, 302, 611 
Portunidae, 486 
Portunus, 479 
Potamocypoda, 513 
princeps, 128-32; behavior, 134, 140, 143; 

color, 468; evolution, 127; key, 626; 
material, 601; morphological cfs., 126, 
133-34, 136, 143; nomenclature, 601; 
sympatrics, 135. See also subspecies 
below 

princeps monilifera, 125, 128-32, 131, 
145,151,432,601 

princeps princeps, 128-32,131,601 
Pseudothelphusa, 479 
pugilator, 223-28; behavior, 100, 118, 

146, 178, 200, 444, 461, 463, 474, 
479-81, 483, 485, 487-90, 500-502, 
505, 510, 516, 523, 665; biotope, 304; 
climate, 436,441, 505; color, 216, 467; 
distribution, 176, 327, 433, 436, 441; 
evolution, 217; key, 630; material, 
607-608; methods, captive crabs, 673, 
675; morphology, cfs. and characters, 
177, 201, 237, 488, 490; sympatrics, 
178, 200, 203, 238 

pugnax, 200-205; behavior, 156, 176, 
191,249, 443, 487, 489, 498-99, 501-
502, 520; color, 156, 467; distribution, 
176, 190; evolution, 157, 190-91, 193, 
452,499, 529; key, 631; material, 606-
607; morphology, cfs. and characters, 
177, 183-84, 192, 193, 225, 237, 452; 
nomenclature, 198, 223; sympatrics, 
178, 196, 226. See also subspecies 
below 

pugnax brasiliensis, 196, 198 
pugnax pugnax, 191-92, 197, 201-204, 

203,442,529,606,631 
pugnax rapax, 198, 325, 603, 606 
pugnax virens, 178, 191, 197, 200-205, 

203-204, 529, 606-607, 631 
pulchella, 103 
pulchellus, 98, 101,103,599 
pygraaea, 154-55, 157, 161-62, 164, 221, 

259,449,451; key, 627; material, 602 

quadrat a, 486 

rapax, 190-99; behavior, 156, 168, 201-
202, 249,442-43, 483-94, 498-99, 501, 
513-16; biotope, 171; color, 156, 168; 
distribution, 442; evolution, 157, 183-
84,432, 436, 499, 516; key, 631; ma
terial, 605-606; morphology, cfs. and 
characters, 164, 174, 183-84, 201, 203, 
237, 450-51; nomenclature, 165, 174, 
186, 200, 324-25; seasonal effects, 

442-43; sympatrics, 113,138, 165, 171, 
173, 175, 226, 230, 238, 242, 306. See 
also subspecies below 

rapax longisignalis, 177, 178, 191-93, 
195-98,197,200, 203, 529, 606, 631 

rapax rapax, 190-93, 195-98, 196, 203, 
441,529,605-606,631 

rathbunae, 55, 57 
rectilata, 325 
rectilatus, 325 
Rhizophora, 445 
rhizophorae, 27, 592. See also acuta 

rhizophorae 
robustus, 325 
rosea, 29-31; behavior, 42, 529; biotope, 

50; color, 23, 468; evolution, 529; 
keys, 621, 623; material, 592; mor
phology, cfs. and characters, 25-26, 
33, 46, 49, 53-54, 451, 461; paedo-
morphism, 451; sympatrics, 35, 51, 289 

roseus, 31, 592 
rubripes, 51,325-26, 594 

Salicornia, 178 
salsisitus, 196, 198 
saltitanta, 247-50; behavior, 63, 70, 217, 

244, 254, 256, 452,480, 501; color, 216, 
468; evolution, 217-18, 459; key, 627; 
material, 609; morphology, cfs. and 
characters, 212, 217, 245, 452, 459; 
sympatrics, 152, 244, 246, 280, 309 

saltitanta batuenta, 246 
saltitanta saltitanta, 250 
sanguinolentus, 503 
schmitti, 166-67, 602 
Scopimera, 14,443,446, 486,495, 512 
seismella, 63, 65, 70-71, 72-73, 218, 432, 

435,459-61; key, 624; material, 596 
Sesarma, 479,484 
signata, 69. See also bellator signata 
signata var. angustifrons, 66, 69 
signatus, 66, 69, 323, 596 
signatus var. angustifrons, 66, 69, 596 
sindensis, see inversa sindensis and in

versus var. sindensis 
smithii, 107-108, 599 
Spartina, 178,446 
speciosa, 195, 212, 217, 236-39, 241-44, 

259, 481, 483, 497, 501; key, 630; ma
terial, 608. See also subspecies below 

speciosa speciosa, 226-39, 239,608 
speciosa spinicarpa, 237-39, 239,608 
speciosus, 238-39, 243 
spinata, see dussumieri spinata 
spinicarpa, 236, 238-39, 243, 608. See 

also speciosa spinicarpa 
spinicarpa (Gelasimus tetragonon var. 

spinicarpa Kossmann) 80, 81 
spinicarpus (Gelasimus tetragonon var. 

spinicarpa Kossmann), 80 
splendidus, 98-99, 101-103, 599 
stenodactyla, 285 
stenodactyla beebei, 281 
stenodactyla stenodactyla, 285 
stenodactylus, 282-85; behavior, 277, 

280,461-62, 498, 500, 504, 511; color, 
216; evolution, 217-18, 275, 279, 451-
52; growth, 451, 461; keys, 628-29; 
material, 610; morphological cfs., 134, 
211, 233, 268, 276, 279, 451, 464; 

nomenclature, 281, 317, 325; sym
patrics, 280, 313, 317 

sternberghii, 462 
stylifera, 140-42; behavior, 134, 143, 500, 

504, 513; color, 87, 120,468; evolution, 
127, 134, 136; key, 625-26; material, 
601; morphological cfs., 125-26, 113-
34, 136-37, 145, 151; nomenclature, 
132, 134-35; style, 125, 455; sym
patrics, 134-35, 281, 313, 317 

styliferus, 135, 142, 601 
subcylindrica, 155, 157, 209-10, 225, 237, 

439; key, 630; material, 607 
subcylindricus, 210, 607 

tallanica, 218, 261, 264-66; key, 628; 
material, 609 

tangeri, 118-24; behavior, 128, 146, 176, 
223, 256, 284, 442, 444, 461, 472, 474, 
478-81, 483-85, 498-502, 504, 506, 
512, 517, 522, 534; biotopes, 461, 472; 
climatic effects, 176, 435, 442; color, 
468; distribution, 229, 327, 432, 619; 
evolution, 435-36, 442, 455, 527, 530-
32, 534; as food for man, 44, 446; 
key, note, 619; material, 600; mor
phology, cfs. and characters, 125, 127, 
145, 150-51, 451-52, 454, 459-61, 464, 
466,469; nomenclature, 116; size, 17, 
150,449; predators, 446; temperature, 
effect on display, 442 

tangeri var. matadensis, 123-24 
tangeri var. platydactylus, 123-24 
tangerii, 122 
tangieri, 122-23 
tenuimanus, 326 
tenuipedis, 218, 245, 258-60, 262, 449, 

609, 628 
terpsichores, 316, 318, 480, 507, 614. See 

also musica terpsichores 
tetragona, 81 
tetragonon, 77-82; behavior, 483; bio

tope, 444; color, 76, 468-69; distribu
tion, 327, 432, 437; evolution, 76, 83, 
435-36, 528, 530; keys, 620-22, 624; 
material, 596-97; morphological cfs., 
40, 84-86, 530; nomenclature, 75, 171, 
322, 324, 327; sympatrics, 88, 100; 
temperature tolerance, 442 

tetragonum, 80 
tetragonus, 81 
Thalassuca, 75-76, 77-95; behavior, 465, 

483, 497, 500-502, 506, 512; biotope, 
100, 297; color, 442, 467-68; distribu
tion, 56; evolution, 18-19, 125-26, 133, 
155, 435-37, 531-33; key, 619; mate
rial, 596-98; morphological cfs., 40, 
46, 53, 56, 59, 62, 96, 117, 125-26, 
454, 459, 462-64, 466, 469; nomen
clature, 322, 324; salinity preference, 
444; sympatrics, 65, 73, 100, 297 

thayeri, 112-15; behavior, 500, 505, 513; 
distribution, 442; evolution, 19, 145, 
163, 183, 432, 436, 442, 533; keys, 
628, 630; material, 600; morphological 
cfs., 461, 463; nomenclature, 109, 325; 
sympatrics, 146, 195, 238, 242 

thayeri thayeri, 112-14, 114, 500, 600, 
628,630 
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thayeri umbradla, 112-15, 113, 500, 600, 
628 

thayeri zilchi, 113, 115 
thompsoni, 326 
tomentosa, 211,218, 261-63,609, 628 
triangularis, 286-91; behavior, 30, 220, 

497, 503; color, 216; distribution, 432; 
evolution, 217-18, 432, 436, 497; keys, 
621, 623; material, 610-11; morpho
logical cfs., 99, 211-13, 215, 294; 
nomenclature, 103; paedomorphism, 
451; sympatrics, 29, 297. See also sub
species below 

triangularis bengali, 288-90, 290, 468, 
611. 

triangularis triangularis, 288-91, 290, 610 
triangularis variabilis, 291, 610 
triangularis var. variabilis, 289, 291 
Trichodactylus, 322 
typhoni, see demani typhoni 

Uca, unidentified species, 327 
Uca, unnamed species (pink claw), 74 
Uca (genus Uca Latreille, 1819), 20 
Uca Leach, 1814 (genus), 15-20; general 

introduction, 3-5; key, 619; methods 
of systematic treatment, 10-13; refer
ences and synonymy, 20; subjects, see 
General Index; type, 139; zoogeogra
phy, 431-39. See also related genera, 
Dotilla, Heloecius, Ilyoplax, Monoph
thalmus, Ocypode, Potamocypoda, Sco-
pimera 

Uca (subgenus), 125-27, 128-53; be
havior, 461, 463, 479, 496, 500-502, 
522; color, 120, 442, 467-68; evolu
tion, 10, 18, 118, 163, 217, 432, 436, 
459-60, 530, 532-34; key, 619; mate
rial, 601-602; morphological cfs., 87, 
157, 452-53, 459, 464, 466; nomen

clature, 18, 324; size, 17, 19, 150, 449; 
sympatrics, 113, 195, 249, 253, 281, 
313,317 

uca (species name), 138 
Uka una, Brasiliensis, 138 
umbradla, 113, 115,600 
una, 139. See also Uka una, Brasiliensis 
uruguayensis, 216-17, 229-31, 232, 234, 

236, 259, 305, 433, 439, 469; key, 630; 
material, 608 

urvillei, 58-61; behavior, 483, 500, 506, 
524; color, 23; distribution, 35, 327; 
evolution, 24, 459; keys, 620, 621; 
material, 595; morphological cfs., 26, 
30, 33, 46, 49, 53; nomenclature, 35; 
sympatrics, 100, 297; temperature 
tolerance, 442 

variabilis, 291. See also triangularis vari
abilis and triangularis var. variabilis 

variatus, 80-81,596 
variegata, 80 
variegatus, 326 
vca, 138 
verrucosa, 486 
virens, 190, 193, 200, 202-203, 205-206. 

See also pugnax virens 
vocans, 85-95; behavior, 444, 474, 483-

84, 491, 495, 500-501, 503-506, 512, 
520; color, 76, 297, 467-68; distribu
tion, 64, 295, 432-33; evolution, 64, 
76, 133, 294-95; 435-37; 46:>; 530, 533; 
keys, 620-22, 624-25; material, 597-
98; morphology, cfs. and characters, 
27, 36, 40, 77-79, 83-84, 450, 459, 
464-65,469, 491; nomenclature, 3, 20, 
80, 138, 204, 227, 324-26; predation, 
446; sympatrics, 46, 65, 73, 297, 530; 
temperature tolerance, 442. See also 
subspecies below 

vocans borealis, 78, 84, 86, 88-92, 90,474, 
597,625 

vocans dampieri, 86-89, 91,597 
vocans hesperiae, 87-89, 92, 92, 442, 

597-98 
vocans major, 138-39 
vocans minor, 324, 326 
vocans pacificensis, 78, 87-92, 90, 437, 

597 
vocans vocans 87-89, 91, 92, 437, 464, 

597-98 
vocans vomeris, 86-89, 91, 92, 95, 437, 

597 
vocator, 163-67; behavior, 483-84, 502; 

evolution, 112, 145, 156-57, 183, 432, 
436; keys, 629-30; material, 602-603; 
morphological cfs. and characters, 
154, 156, 159, 174, 181, 184, 192-93, 
197, 221, 464-65, 472; nomenclature, 
171-72, 174, 182, 196, 198; predation, 
446; sympatrics, 195, 204. See also 
subspecies below 

vocator ecuadoriensis, 146, 156, 164, 
166-67, 166, 186, 222, 269, 467-68, 
500, 602, 629 

vocator var., 167 
vocator var. minax, 178 
vocator vocator, 164, 166-67, 166, 465, 

500,602-603, 630 
vociferans, see marinus, minor, vociferans 
vomeris, see vocans vomeris and marionis 

vomeris 

Xanthidae, 486 
Xanthodius, 462, 479 

zacae, 157, 161, 184-86,206-208,221-22, 
327, 456; key, 627, 629; material, 607 

zamboangana, 39, 41,43, 593 
zilchi, see thayeri zilchi 





General Index 

This index includes geographical localities, names of 
persons, and subjects. 

Geographical Localities. Only major areas are listed, 
such as names of countries and certain islands. Page 
references to the species recorded from an indexed 
locality are given under the subheading "recorded spp.", 
followed by the first page of each pertinent species 
treatment in the Systematic Section (for example, "re
corded spp., 77ff, 284ff"). These lists include species 
recorded from the locality in print, on specimen labels 
in material examined, or both. Some lists include rec
ords considered by the present author to be erroneous; 
the most questionable are also referred in the entry to 
additional page numbers; minor queries are discussed 
within the species treatments. The locality indexed, such 
as "India," as well as names of smaller places included 

within the area, occur chiefly in these treatment topics: 
Introduction, Range, Field Material, Type Material and 
Nomenclature, and References and Synonymy, as well 
as in Material Examined (Appendix A ) . Incidental ref
erences to indexed localities occurring in non-systematic 
sections are omitted when the geographical information 
is not directly important to the context, as in locality 
identification of behavioral observations. 

Names of Persons. Both collectors and donors of 
material, as given on the labels of occasional preserved 
specimens, are listed as donors. Page numbers in bold
face refer to citations of a writer only as the author of 
a scientific name. When further material involving the 
same person appears on the same page, the page num
ber appears also in roman. 

abbreviations, 678-79 
Abd-al-Kuri I., Indian O.: recorded sp., 

105ff 
abdomen, 463, 679; curvature and vol

ume, 451. See also phases, rhythms 
Academy of Natural Sciences at Phila

delphia, The, see institutions 
actor, 487, 679 
Adams, A., 21, 42, 48, 51, 51, 57, 62, 

64, 66, 69, 69, 89, 94, 101-102, 102, 
298, 302, 594-95,598 

Aden: material, 596, 599; recorded spp., 
77ff, 105ff, 292ff 

Aden, Gulf of, see Aden 
Adriatic Sea: Uca reported in, 54, 237 
aestivation, 443, 452, 664; epibranchial 

regions, role of, 471 
Africa, 438; coastlines and subspeciation, 

527, 535. See also: Africa, east; Africa, 
west 

Africa, east, eastern: key, 620; mangrove 
limits, 446; material, 595-97, 599, 611; 
nomenclature, 323; recorded spp., 58ff, 
77ff, 85ff, 98ff, 105ff, 292ff; records 
questioned, 35; subgenera represented, 
2Iff, 75ff, 96ff, 21 Iff; zoogeography, 
432-33, 435, 437, 640 (Table 8). See 
also: British East Africa, Ethiopia, 
Kenya, Madagascar, Mozambique, 
Red Sea, Somalia, Tanzania, Union of 
South Africa 

Africa, west, western: material, 600; re
corded sp., 118ff; records questioned, 
327; subgenus represented, 116ff; 
zoogeography, 436. See also: Angola; 
Atlantic, eastern; Tangiers 

after-lunge, 479, 484, 492, 517, 522, 660 
(Table 21), 679 

Agassiz, L., 132 
aggression, see behavior, agonistic 

agonistic behavior, see behavior, agonistic 
Aiyar, R.G.,291,303 
Alabama, see United States of America, 

Gulf coast west of Florida 
Alaska, 435 
Alcock, A., 3-4, 20, 37-38, 61, 80-81, 94, 

107-108, 108, 291, 301-302, 468, 480, 
495, 599 

Aldabra Is., Indian O.: material, 596; 
recorded sp. 77ff 

algae: as food, 472; in pile, 503 
Allan Hancock Foundation, Los Angeles, 

see institutions 
Allee, W. C , 440,445, 519 
alliances, 9-11,679 
allies, 679 
Allison, E.C., 431,435 
allometry, 449, 679. See also growth, 

allometric 
allopatric: as noun, 679 
allopatric categories, 9-10. See also 

allopatry 
allopatry, 679; Atlantic-Pacific species 

pairs, 432, 531; coastlines and, 527; 
larval survival differences, 528; mingled 
populations, 528, and see sympatry; 
waving deterrent to interbreeding, 518, 
527-28 

Altevogt, Rosamunde, 132, 142, 149, 
198,246,263,281,318 

Altevogt, Rudolph, 95, 118, 120-22, 124, 
132, 142, 149, 175, 185, 198, 246, 257, 
263, 281, 289, 291, 296, 303, 318, 442, 
444, 446, 450, 454, 456, 472, 474, 
480-81, 484-86, 494-95, 499, 501, 
504-507, 510, 512, 517, 645 (Table 12) 

Amadon, D., 690 
Amazonica, 435 
Amazon River, 103, 599 

ambivalence: 477; of sound production, 
485, 523; in waving display, 495, 501, 
517 

ambulatory, 461-63, 679; activity and 
habitat, 462; in locomotion, 472; pile, 
462, 465. See also armature; behavior 
(agonistic, construction, combat, court
ship, sound production, waving); dig
ging; dimorphism, sexual 

America: distribution, paleogeography, 
and zoogeography, 432-36, 438-39, 
641 (Table 9); evolution, aspects of, 
18-19, 127, 156-57, 217-19, 527, 532, 
535; keys, 625-29, 629-31; material, 
600-10, 613-14; recorded spp., 112-15, 
128-53, 158-210, 220-25, 304-21; sub
genera represented, 109ff, 125ff, 154ff, 
211ff 

American Museum of Natural History, 
see institutions 

American region, species, etc., see 
America 

Americas, the, see America 
AMNH, see institutions 
Amsterdam, see institutions 
Anambas Is. (Indonesia): material, 611; 

recorded sp., 292ff 
Andai I. (Indonesia): recorded spp., 52ff, 

85ff, 292ff 
Andaman Is. (Indian O.): recorded spp., 

32ff, 85ff, 292ff 
Anderson, A. R., 301,480 
angle, antero-lateral, 453, 679; in stridu-

lation, 453 
Angola; material, 600; recorded sp., 

118ff;sp. range to, 116,432; 
Antarctica: absence of Uca, 18 
antenna, 454, 679 
antennule, 454, 679 
Antigua, see West Indies 
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Antilles, see West Indies 
antiphony: in sound production, 481-82, 

517 
aperture, afferent branchial, 471, 679 
aposematism: possible relation to color, 

446ff, 469ff 
Arabia: material, 599; recorded sp., 105 
Archer, A. (donor), 608 
area, contact, see friction area 
area, friction, see friction area 
Argentina: material, 608; recorded sp., 

229fT; sp. range to, 433, 438 armature: 
470, 680; development, 459; wear (in 
combat), 459 

on structures: ambulatories, 462; 
carapace, 452; carpus, 457; major 
cheliped, 457-60, 646-51 (Table 13); 
small cheliped, 460. 

See also combat; dimorphism, sex
ual; sound production; ritualization 

Aru Is. (Aroe, Arroe, Arrou) (Indonesia): 
material, 592-94, 599, 612; recorded 
spp., 32ff, 52ff, 77ff, 85ff, 98ff, 292ff 

Ashanti, see Africa, west 
Asia: paleogeography and zoogeography, 

434-35, 439, 443, 527-28; subgenera 
represented, 21ff, 62ff, 75ff, 96ff, 21 Iff 

Asia Minor, see Asia 
associations, animal, 446. See also: in

vertebrates; man; predators; sympatry 
Atlantic, eastern: phylogeny, 18-19; 

zoogeography, 432-35. See also: Af
rica, west; Portugal; Spain 

Atlantic, western, see America 
Atsaides, S. P., 172, 175, 190, 193-95, 

196-98, 198-205, 203, 205, 225, 228, 
481-85, 495, 501-502, 519, 523-24, 
529,606, 645 (Table 12) 

Aurivillius, C. W. S., 93, 123, 148, 198, 
480 

Australasie, 323 
Australia (incl. New South Wales, 

Northern Territory, Queensland, 
Western Australia): distribution and 
zoogeography, 326, 432, 434, 436-38, 
640 (Table 8); key, 623-24; material, 
592-93, 595-97, 610, 612-13; nomen
clature, 323; recorded spp., 32ff, 39ff, 
52ff, 64ff, 70ff, 72ff, 77ff, 85ff, 292ff; 
subgenera represented, 2Iff, 62ff, 75ff, 
21 Iff. See also: Dampier Archi
pelago; Monte Bello Is.; Sahuli Shelf, 
Thursday I. 

Australian shield, 438 
Australo-Malaysia: recorded spp., 85ff, 

98ff, 292ff 
autotomy, 680 
Azrin,N. H.,515 

Baerends,G. P., 519-20 
Baerends-van-Roon, J. M., 520 
Bahama Is., see West Indies 
Baja California, see Mexico, Pacific 

coast 
Balansa, Mr. (donor), 595 
Bali (Indonesia): recorded sp., 21 Iff 
Balss, H., 82, 95, 102-103, 108, 123, 

302-303,317 
Banda Sea: recorded sp., 98ff 
Barbados, see West Indies 

Barnard, K.H. , 20, 61, 95, 103, 107-108, 
303 

Barnwell, F. H., 114, 148, 175, 189, 198, 
208,448, 466, 504-505 

basis, 456, 680 
Bate, C. S., 322 
Baudouin, M., 123 
Bauman, I., 185 
Bawean I. (Indonesia): material, 598; 

recorded sp., 85ff 
beading, 452-53, 680 
Beatty, H. (donor), 604 
Beebe, W., 172,447, 495, 517, 603-605 
behavior: acoustic, see sound produc

tion; aggressive, see behavior, ago
nistic; cleaning, 472-73; ecology and, 
440-45; evolution of, 18-20, 216-19, 
519-25, 526-35; introduction, general, 
3-4; juvenile, see burrow and male; 
non-social, 471-73; post-combat, see 
combat; social, 12, 476-524, 529-30, 
534, 680; submissive, see behavior, 
agonistic; territorial, see territoriality; 
unusual, 506-508. 

agonistic: 680; aggression, appetance 
for, 515; ambulatory armature and, 
463; components, (list), 660 (Table 21); 
(postures and motions), 478-80; deri
vations, 522-23; in females, 462-63; 
functions, 516-17; sound production 
and, see sound production 

conflict, 523, 680; crowded popula
tions and, 500; curtsy derivation and, 
524 

displacement, 520-21, 523, 680; 
cleaning, 461, 523; crowded popula
tions and, 500; feeding, 523-24; prev
alence in certain spp., 534; sound 
components, derivations and, 523-24; 
waving display and, 497 

See also, ambivalence, burrow, com
bat, components, construction, copu
lation, defecation, defense, droves, 
feeding, phases, precopulatory be
havior, rhythms ritualization, sound 
production, territoriality, waving dis
play. See also in text, Systematic 
Section, subheading "Social Behavior" 
in treatments of subgenera and spp. 

Behring Bridge: as Tertiary migration 
route, 434-36, 438-39, 530 

Behring Route, see Behring Bridge 
Behring Strait, see Behring Bridge 
Belgian Congo, see Africa, west 
Bell, T. (donor), 142 
Bengal, Bay of: recorded spp., 29ff, 

30ff, 85ff, 292ff; zoogeography, 432, 
434, 437. See also Burma, India, 
Malaya 

Bennett, E. W., 323 
Bennett, I., 95 
Berlin: type-specimen in, 80 
Bermuda: Uca absent from, 446 
Bernice Pauani Bishop Museum, Hono

lulu, see institutions 
Besukuj, Mr. (donor), 298 
Bimlipatam (Indonesia): recorded sp. 

32ff 
binoculars, 666 
biological clock mechanism, 442-43, 

446. See also rhythms 

biotopes, 12, 18, 440, 445, 454-55, 533, 
642-43 (Table 10), 680. See also in 
text, Systematic Section, subheading 
"Biotopes" in treatments of subgenera 
and spp. 

Bishop, see institutions 
Black Sea, 55 
Blackwelder, R. E., 678. Ref.: Tax

onomy. John Wiley & Sons, New 
York, 1967, xiv + 698pp. 

Blecker, Mr. (donor), 593 
Blest, A. D., 256, 482 
Bliss, D. E., 440, 443,448,469,471 
BM, see institutions 
Bocourt, Mr. (donor), 322 
Bolau, H., 227 
Bonin Is. (western Pacific): recorded 

spp., 98ff, 292ff 
book (part of gill), 469, 680 
Boone, L., 160,188, 204, 234, 273, 303 
Bora-Bora, see Society Is. 
Borneo (incl. Kalimantan [Indonesian 

Borneo], Indonesia [part], Labuan, 
Malaysia [part], North Borneo, Sabah, 
Sarawak): ecology, 446-47; key, 622-
23; material, 592, 594-95, 598, 6't0-12; 
recorded spp., 25ff, 29ff, 32ff, 48ff, 
64ff, 85ff, 98ff, 286ff, 292ff; zoo
geography, 432, 434, 436-37 

Borradaile, L. A., 81, 94, 302 
Bosc, L.A.G., 81, 93, 138, 223, 227, 

227,607 
Bott, R., 112, 113, 115, 125, 132, 135, 

142, 149, 154,460, 186, 188-89, 189, 
208, 234, 246," 250, 253, 257, 261-62, 
263, 268, 270, 270, 273-74, 274, 281, 
285, 310, 318, 321, 435, 600, 600, 605, 
610 

Bourou I., see Molucca Is. 
Bouvier, E. L., 81, 103, 123, 302 
Boyce, D. R., 302 
brachychelous, 680. See also dimorphism 

of major claw 
Brachyura, 680 
Brazil: material, 600, 602-04, 606, 608-

09, 613; nomenclature, 323, 325; re
corded spp., 112ff, 136ff, 143ff, 163ff, 
168ff, 173ff, 190ff, 229ff, 240ff, 304ff; 
zoogeography, 432, 438 

Brazilian, see Brazil 
British East Africa, see Africa, east 
British Guiana, see Guyana 
British Honduras: material, 603, 605; 

recorded spp., 163ff, 168ff. 190ff 
British Museum (Natural History), see 

institutions 
Brocchi, M., 102, 148 
Brown, F. A., Jr., 466 
bubbling (sound component), 472, 484, 

523, 644 (Table 12), 660 (Table 21), 
680 

Buffon, G.L.L.-c, 20 
Buitendijk, A. M., 95, 303 
Burger, Mr. (donor), 298 
Burgers, A.C.J. (donor), 171, 601, 606 
Burkenroad, M. D., 226, 228, 443, 480, 

495, 500, 502, 602, 610 
Burma: key, 621-22; material, 592, 596, 

598, 611; recorded spp., 29ff, 32ff, 
77ff, 85ff, 286ff, 292ff 
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burrow: account, general, 3, 471, 473-74; 
ambulatories used in digging, 462; as 
adaptation to littoral, 533; as center of 
defended area, 511-13; in combat, 487, 
491-93, 514-16; construction activities 
and, 499-500; copulation in, 502-503; 
display territory and, 518-19; food 
supply and, 513; occupancy by two 
crabs, 511; phase and, 505-506; plug
ging and origins of structures, 524-25; 
seizures by young crabs, 511; as 
shelter, 510-11 

burrow-holder, 487, 492-93, 680. See 
also combat 

Byron, G. Gordon, Lord, 4 

Cahill, M. (donor), 597, 599 
California, see United States of America, 

Pacific coast 
California, Baja or Lower, see Mexico, 

Pacific coast 
California, Gulf of: material, 601, 608, 

614; recorded spp., 128ff, 232ff, 314ff; 
zoogeography, 432. See also Mexico, 
Pacific coast 

Callow, F. S., 450 
Caiman, W. T., 51, 101, 298, 594 
Cambridge (U.S.A.), see institutions 
Cameron, A. M., 478 
Cameroons: American subgenus re

ported, 327. See also Africa, west 
Canada (incl. Vancouver I.): Uca re

ported, 318,326 
Canal Zone (Panama Canal Zone) 

Atlantic coast: material, 603, 605; 
recorded spp., 168ff, 190ff 

Pacific coast: material, 600-602, 
605, 609-10, 614; nomenclature, 326; 
recorded spp., 112ff, 128ff, 133ff, 140ff, 
150ff, 180ff, 244ff, 247ff, 25Iff, 254ff, 
275ff, 278ff, 282ff, 31 Iff, 314ff, 319ff. 

See also: fossils; Panama 
Cano, G., 94, 102-103, 148, 160, 285, 302 
Cape Cod: northern range limit, Uca, 

18, 438; reduced social activity, 441. 
See also United States of America, 
Atlantic coast north of Florida 

carapace: account, general, 449-52; 
arching, see volume; definition, 680; 
regions, 688; in sound production, 
482-83. See also paedomorphism 

Caribbean (region), 5, 242, 307; zoo
geography, 432, 438. See also: Trini
dad & Tobago; West Indies 

Caroline (North America), 227 
Caroline Is. (western Pacific): material, 

593, 596, 598-99, 613; recorded spp., 
32ff, 52ff, 77ff, 85ff, 98ff, 286ff, 292ff 

carpus, 456, 458, 460, 462, 680 
carpus-out (agonistic component), 479, 

522, 660 (Table 21), 680 
categories, treatment of, 9 
cavity: buccal, 680; carpal, 458, 680 
Cayenne (French Guiana): recorded 

spp., 136ff, 143ff 
Cebu Channel, see Philippine Is. 
Cebu I., see Philippine Is. 
Celebes (Sulawesi) (Indonesia): material, 

593-94, 597-98, 612; name selection, 

13; recorded spp., 32ff, 39ff, 48ff, 52ff, 
85ff, 98ff, 292ff; zeogeography, 437 

Central America: passim, 152, 176, 198, 
285, 307, 602. See also: British Hon
duras; Costa Rica; El Salvador; 
Fonseca, Gulf of; Guatemala; Nica
ragua, Panama 

Central American Seaway, 434, 531. See 
also: Panama, Isthmus of; Tehuante-
pec 

Ceylon: key, 621-22; material, 597, 611; 
recorded spp., 85ff, 292ff; zoogeogra
phy, 437. 

Chace, F. L., Jr. 95, 108, 114, 138-39, 
167, 172, 198, 239, 243, 303, 306, 307 

Chagos Is. (Indian O.): material, 596; 
recorded sp., 77ff 

chambers, branchial: in bubbling, 472, 
484; feeding, 456, 471; respiration, 471; 
sound production, 471, 484 

Chapgar, B. F., 61,94,302 
characters, cryptic 44, 527 
characters, guide to (in keys), 616-18 
Chekiang, see China 
chela, 458-59, 512, 680. See also 

cheliped 
chela-out (agonistic component), 479, 

522, 660 (Table 21), 681 
cheliped, 3, 448, 681; major, 456-60, 

449-50, 504, 512, 646-51 (Table 13), 
652-53 (Table 15); minor, small, 
455-56, 460-61; in sound production, 
components, 482-84, 644-45 (Table 
12). See also: allometry, combat 

Chicago (U.S.A.): fire, 36, 82 
Chile (Chili): material, 602, 605; nomen

clature and questionable records, 325-
27, 641 (Table 9, note); recorded spp., 
143ff, 183ff, 282ff; zoogeography, 438 

Chilton, C , 323 
chimney, 12, 499-500, 524, 681 
China (Chine) (incl. Chekiang, Fukien, 

Shantung): key, 624-25; material, 592, 
594, 597, 612; recorded spp., 25ff, 
32ff, 44ff, 85ff, 292ff; zoogeography 
and distribution, 432-34, 436-38 

China Sea, 434 
Chopra, B., 31,94,291 
Chosen, see Korea 
chromaiophores, 466, 681 
clacking, see tapping 
claw, see cheliped 
claw-rub (in sound production), 484, 

488ff, 522, 644-45 (Table 12), 660 
(Table 21), 681 

claw-tap (in sound production), 484, 
488ff, 522, 644-45 (Table 12), 660 
(Table 21), 681 

cleaning: 455, 461, 472-73; in derivation 
of sound components, 523-24; as dis
placement behavior, 520, 523; as
sociation with display phase, 473 

climate, changes in, 433-35, 438-39 
cline, 681 
Clipperton I. (Pacific O.): zoogeography, 

434 
coasts: American, see America; Atlantic, 

see Atlantic; Pacific, see Pacific, east
ern, and Pacific Ocean, is. 

Cocos I. (eastern Pacific): material, 605, 

607; nomenclature, 327; recorded spp., 
158ff, 180ff,206ff 

Cocos-Keeling Is. (Cocos or Keeling Is.): 
material, 598; recorded sp., 98ff 

coincidence, areas of, 437, 661 (Table 22) 
Coker, R. E., 132 
Collett, T. (donor), 602-603 
Colombia: material, 602-607, 609; sea 

passage, 434 
recorded spp.: Atlantic coast, 168ff, 

190ff, 223ff; Pacific coast, 158ff, 16Iff, 
163ff, 173ff, 183ff, 220ff, 244ff, 247ff, 
267ff, 319ff 

color: 3, 11-12, 17, 452, 466-69, 498, 501, 
534. See also text, Systematic Section, 
recurrent topic "Color" 

Colosi, G., 108 
combat: 485-94; aggressive wanderers 

and, 492; associated activities, 491-92; 
burrow-holders and, 492-93; catego
ries, 492-93; components, 487-91, 494, 
521, 646-51 (Table 13), 652-53 (Table 
14), 654 (Tables 15, 16), 660 (Table 
21); definition, 681; duration, 490; 
evolution, 521-22, 534; force in 486-
88, 491, 494, 655 (Tables 17, 18); func
tions, 513-16; heteroclawed, 487, 490, 
681; high-intensity, 681; historical re
view, 486; homoclawed, 487, 490, 681; 
injuries, 515; introduction, 3, 12, 485-
86; low-intensity, 681; morphology of 
claw, 456-60, 646-51 (Table 13), 652-
53 (Table 14); mutual, 516, 681; post-
combat behavior, 493-94; rea l iza
tion, 488-91, 515-16, 655 (Table 17, 
18). See also text, Systematic Section, 
recurrent topic "Combat" 

communities, 445 
components (of social behavior): defini

tion, 681; introduction, 477-78; list, 
660 (Table 21). See also: behavior, 
agonistic; combat; sound production; 
waving display 

le Comte, A. (donor), 593 
conglomerate, 682 
Congo, see Africa, west 
Connecticut, see United States of 

America: Atlantic coast, north of 
Florida 

construction (activities), 12; 499-500; 
524-25. See also text, Systematic Sec
tion, recurrent topic "Construction 
Activities" 

contact area, see friction area 
continents, American, see America 
conventions, 678 
Cook, C. (donor), 175 
Copenhagen, see institutions 
copulation, 500-504 
Costa Rica: material, 600-605, 607, 609-

10, 613-14; nomenclature, 327; re
corded spp. (Pacific coast), 112ff, 
128ff, 133ff, 140ff, 150ff, 158ff, 161ff, 
163ff, 180ff, 183ff, 206ff, 220ff, 244ff, 
247ff, 25Iff, 254ff, 258ff, 26Iff, 278ff, 
282ff, 308ff, 31 Iff, 314ff, 319ff; zoo
geography, 435 

Costlow, J. D., Jr., 198, 228, 450 
counter-equatorial current, see current, 

counter-equatorial 
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courtship, see precopulatory behavior 
Coventry, G. A., 228 
coxa, 682 
crabberies, 5, 442, 506, 673-77. See also 

Trinidad & Tobago 
Crane, J. 28, 31, 35-36, 38, 43, 51, 55, 

57, 66, 69, 80, 89, 95, 103, 113, 114-15, 
124, 130, 132, 135, 139, 142, 146, 148, 
153, 160, 161, 162, 162, 166, 166-67, 
172, 175, 179, 182, 188-89, 198, 201, 
204, 206, 208, 208, 220, 222, 222, 226-
228, 235, 239, 240, 243, 243-44, 246, 
246, 247,249, 250, 250, 253, 257, 258-
60, 260, 261-63, 263, 270, 273, 278, 
281, 281, 285, 298, 307, 308-310, 310, 
313, 316, 318, 318, 321, 327, 444, 456, 
462,468, 472, 474, 479-81, 483, 485-
87, 489, 495, 498-500, 504-507, 513, 
518, 599-600, 602, 607-609, 609, 610, 
613-14, 645 (Table 12), 654 (Tables 
15, 16), 655 (Tables 17, 18). 

creep (agonistic component), 479, 522, 
660 (Table 21), 682 

crenellations: definition, 682; ecology 
and, 454; merus and, in sound produc
tion, 454; suborbital, 453-54 

Cretaceous, 433 
Crosnier, A., 35, 61,593 
Cuba, see West Indies 
Cuming, collection, BM, 598 
Curacao, see West Indies 
current, counter-equatorial: off Brazil, 

527; in Pacific, 528 
curtsy (in waving display), 483, 496, 501, 

524, 658-59 (Table 20), 660 (Table 21), 
682 

Cuyler, G. (donor), 606 

dactyl, 682. See also: ambulatory; 
cheliped 

dactyl-along-pollex-groove (in combat), 
491, 649 and 651 (Table 13), 652 
(Table 14), 660 (Table 21), 682 

dactyl-slide (in combat), 498-90, 650 
(Table 13), 652 (Table 14), 660 (Table 
21), 682 

dactyl-submanus-slide (in combat), 489, 
650, (Table 13), 652 (Table 14), 660 
(Table 21), 682 

Dakin ,W.G. ,95 
Dam, P. van (donor), 35 
Dampier, W., 89 
Dampier Archipelago (Australia), 595 
Dampierian Region (Australia), 436-37, 

640 (Table 8, column 1) 
Dana, J. D., 14, 81, 89, 89, 94, 148, 301, 

324, 324 
Darling, F. F., 519 
Darwin, C , 3, 468, 504 
Das, K.N. , 31,291 
data: allometric, 450, 670-71; field, 670 
Davao, Gulf of, see Philippine Is. 
Day , J .H. , 61,95, 104, 303,440 
defecation, 472 
defense (against predators), 443, 473, 

510-11 
De Kay, J. E., 204, 227 
Dell, R. K., 326 
Dembowski, J., 226-27, 480, 486 
Demeusy, N., 448 

dendrogram, 8, 11, 18-20, 217-19, 682 
Desbonne, I., 138, 139 
description (as recurring topic in Sys

tematic Section), 11-12 
desiccation, protection from: see 

aestivation, hibernation, respiration, 
volume 

Desmarest, A. G., 20, 81, 89, 89, 93-
94,148,227, 324,324, 325 

development, larval, 10. See also: zoea; 
megalops 

development, post-larval: introduction, 
448; of morphological structures, 
under successive topics, 451-68; size 
and allometric growth, 449-51. See 
also: female; male 

diagnosis (as recurring topic in System
atic Section), 11 

dimorphism: of major claws, 459; of 
major and minor sides, 451, 455, 462; 
sexual, 17, 450, 461-63, 465-66, 468. 
See also text, Systematic Section, re
current topic "Female" 

discrimination, visual, 474 
displacement behavior, see behavior, dis

placement 
Display, Chela Forward, the (of Wright), 

495 
Displays, Lateral Merus (of Wright), 495 
display, visual, see waving display 
display, waving, see waving display 
distribution (of Uca), 3, 18, 431-33, 

436-39, 441-43, 639 (Table 7), 640 
(Table 8), 641 (Table 9). See also text, 
Systematic Section, recurrent topic 
"Range" 

diurnality, 444. See also nocturnal ac
tivity 

Djawa, see Java 
Dobson, I. 324 
Doflein, F., 81, 94, 101, 101, 103, 302, 

323 
Dominica, see West Indies 
down-point (agonistic component), 479, 

522, 660 (Table 21), 682 
down-push (behavior associated with 

combat), 491, 515, 683 
droves, 12, 118, 223, 478, 506, 683 
droving, see droves 
drumming (in sound production), 483-

84, 497, 501-502, 658 (Table 20), 683 
Duchassang, Mr. (donor), 325 
Dulce, Gulf of, see Costa Rica, Pacific 

coast 
Dumortier, B., 480, 482, 487 
Duperrey, L. I. (donor), 101 
Durham, J. W., 431, 435 
Dutch East Indies: recorded spp., 64ff, 

286ff. See also Indonesia 

East Africa, see Africa, east 
East Indies: paleogeography, 433, 530; 

recorded spp., 32ff, 77ff, 85ff, 98ff, 
286ff, 292ff; work of Rumphius in, 3. 
See also: Indonesia; Malaysia 

East (eastern) Pacific Barrier: evolution 
and zoogeography,434-35, 443, 528. 

ecology, 435, 440-47, 529, 683. See also 
text, Systematic Section, recurrent top

ics "Biotopes" and "Sympatric As
sociates" 

Ecuador; material, 601-603, 605, 609-
10, 614; recorded spp., 128ff, 133ff, 
140ff, 143ff, 150ff, 158ff, 163ff, 183ff, 
244ff, 254ff, 264ff, 267ff, 275ff, 278ff, 
282ff, 314ff, 319ff; undetermined sp., 
327 

edge, beaded (on major palm), 683 
edge, prehensile (of cheliped), 683 
Edmondson, C. H., 80, 82, 324 
Edney, E. B. 440-41 
Edw. (= Milne-Edwards, H.) 60, 147, 

284,298 
Edwards (= Milne-Edwards, H.) 186 
Edwards, A. (= Milne-Edwards, A.) 289 
Edwards, A. M. ( = Milne-Edwards, A.) 

289,289 
eggs, 465 
Egypt (Egypte): material, 596; recorded 

sp., 77ff 
Eibl-Eibesfeldt, I., 476, 515, 519, 683 
Ekman, S., 431, 433-34, 440-41, 444 
El Salvador: distribution, 217, 432, 434; 

material, 600-601, 605, 609-10, 613; 
nomenclature, 234; recorded spp., 
112ff, 128ff, 133ff, 140ff, 143ff, 158ff, 
180ff, 183ff, 206ff, 244ff, 247ff, 25Iff, 
254ff, 26Iff, 267ff, 274ff, 278ff, 282ff, 
308ff, 314ff, 319ff 

Emerson, A. E. 440 
encounter, 681, 683. See also combat 
endemism, 432-33 
ending, forceful, 488, 493. See also com

bat 
Endler, J., 446 
Eocene, 433, 435 
equipment (for field work), 666-70 
Eritrea, see Ethiopia 
Estampador, E. P., 38, 43, 51, 57, 69, 82, 

94-95, 102-103,291,303 
Ethiopia (incl. Eritrea): material, 596-

97, 599, 611; recorded spp., 77ff, 85ff, 
105ff, 292ff. See also Red Sea 

Europe: Uca in, 116,118ff, 442 
evolution, 526-35; dendrograms, design 

of, 11; derivations, social behavior 
components, 520-24; directions of, 
533-35; historical zoogeography, 432-
36; phylogenetic trends, 18-20, 531-
33. See also: phylogeny; in text, Sys
tematic Section, recurrent topics "Re
lationships" in subgeneric treatments 
and "Morphological Comparison and 
Comment" in spp. treatments 

Eydoux, F., 116, 118, 122-23, 122-23, 
600 

eye, 448, 454-55, 683 
eyebrow, 453, 683 
eyestalk, 448, 452, 454-55, 527. See also 

style 

Fabricius, J. C , 81,93, 326 
Fairweather, C. (donor), 605 
Fanning, I., see Line Is. 
feeding, 3,455-56, 471-72, 510, 523, 675 
Feest, J., 291, 296, 303, 451, 503 
female: agonistic behavior, 462-63, 480, 

484, 511, 522-23; burrows, location 
and sharing, 511-12; copulation, 503-
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504; courtship behavior, 502-503; 
herding of young by males, 496, 498, 
503; morphological characters, sum
maries, 17, 470; receptivity, 503, 523; 
as taxonomic topic, 11; territoriality, 
511; wandering 502-503, 517. See also 
text: Systematic Section, recurrent 
topic "Female"; Chap. 3, structure ac
counts, 451-69 

field trips, planning 664-66 
fight, 681, 683. See also combat 
Fiji Is. (Pacific O.): material, 595, 597, 

599, 613; nomenclature, 324; recorded 
spp., 52ff, 77ff, 85ff, 98ff, 292ff; 
zoogeography, 21, 434, 437 

Filhol, H., 323,323 
finger, 683 
Fingerman, M., 228 
fixed action pattern, 681 
flagellum: of antenna, 454, 683; of 3rd 

maxilliped, eye-cleaning, 455 
flange (of gonopod), 463-64, 683 
flat-claw (agonistic component), 479, 

522, 660 (Table 21), 683 
Fleming, R. H., 431 
fling (in combat), 488, 683 
Flinn, M.,483 
Flores (Indonesia): recorded sp., 98ff 
Florida, see United States of America 
Fonseca, Gulf of (eastern Pacific): dis

tribution and zoogeography, 432, 438; 
material, 601-602; recorded spp., 
133ff, 140ff, 143ff, 158ff, 25Iff, 282ff. 
See also El Salvador, Nicaragua 

food, 472, 534 
Forest, J., 82, 99, 101-104, 303 
Formosa, see Taiwan 
forward-point (agonistic component), 

479, 495, 522, 660 (Table 21), 683 
fossils, 11, 127, 157,324,435 
Fourmanoir, P., 61, 103, 303 
Fowler, H., 204, 227 
Frankfurt, see institutions 
French Equatorial Africa, see Africa, 

west 
French Guiana, see Cayenne 
Freycinet, L. de., 4 
friction (contact) area, 459-60, 487, 652 

(Table 14), 680 
Friendly Is. (Pacific O.): material, 596, 

599, 613; recorded spp., 77ff, 85ff, 98ff, 
292ff 

front, 452, 455, 527, 683 
frontal-arc (agonistic component), 479, 

522, 660 (Table 21), 683 
Fukien, see China 
furrow: frontal, 452. See also groove 

Gabon, see Africa, west 
Gaimard, P. (donor), 60, 101 
Galapagos Is.: material, 605, 610; re

corded spp., 183ff, 27Iff, 274f 
Gambia, see Africa, west 
Ganges (delta), see India 
gape (of claw), 683; major cheliped, 

458-60, 651 (Table 13); small cheliped, 
460-61 

Garth, J. S., 160, 162, 182, 186, 188, 222, 
235, 272-73, 285, 321, 431, 433, 435, 
438 

Gay, Mr. (donor), 147 
Gee, N.G., 28, 37, 47, 94, 103, 303 
Gelasime, 20 
Genard, Mr. (donor), 592 
genetics, 9, 525-26 
Georgia, see United States of America, 

Atlantic coast north of Florida 
Gerlach, S. A., 114, 148, 175, 198, 231, 

307 
Gerstaecker, A., 323. Ref.: Archiv. f. 

Naturgeschichte, 1856,22(1): 138 
Gilbert Is. (Pacific O.): material, 596; 

recorded sp., 77ff 
gills, 469, 683 
glossary, 679-90 
Gmitter, T. E., 198 
Goldi, E. A., 322 
gonopod,463-65, 504, 527, 530-33, 683. 

See also: text, Systematic Section, re
current topic 

Gordon, H. R. S., 87, 303, 518, 520 
Gordon, I., 38, 47, 57, 69, 95, 103, 290, 

302, 324 
Gottingen, see institutions 
Gould, A. A., 204, 227 
Gould, S. J., 449-50, 679 
Grant, F. E., 38, 57 
Grant, V., 526 
granulation, see granule 
granule, 454, 683 
Gravier, C , 82 
Gray, E. H., 179,495 
Greeley, A. W. (donor), 113 
Griffin, D. J. G., 486, 495 
grip (in combat), 488, 683 
groove, 460, 683 
growth, see development, post-larval 
growth, allometric, 449-50,455, 670, 683 
Gruner, H.-E., 165 
Guadeloupe, see West Indies 
Guam: material, 597; recorded sp., 85 
Guatemala, Atlantic coast: material, 600, 

603-605; recorded spp., 112ff, 163ff, 
168ff, 173ff, 190ff 

Guayaquil, Gulf of, 438 
Guerin, see Guerin-Meneville 
Guerin-Meneville, F. E., 80, 81, 103, 171, 

171-72, 306, 307, 307, 322, 322, 324, 
325,596, 600 

Guinea, see Africa, west 
Guinea, Gulf of, see Africa, west 
Guinea, Spanish, see Africa, west 
Guinot, D., 82, 99, 101-104, 124, 146, 

303, 325 
Guinot-Dumortier, D., 148, 480, 482, 

487 
Gunther, H.-J., 124 
Guyana: material, 602-604, 606, 609; re

corded spp., 143ff, 163ff, 173ff, 190ff, 
240ff 

Haan, W. de., 28,44,47,47, 57,292, 292, 
298,300,301, 324, 594, 611-12 

habitat, 440, 442, 683; use of term in 
topic, "References and Synonymy," 
13. See also biotope habits, use of term 
in topic, "References and Synonymy," 
13; behavior 

Hadramaut: material, 599; recorded sp., 
105ff 

Hagen, H.-O. von, 113-14, 118, 120-22, 
124, 128, 132, 135, 138-40, 142, 146, 
148-49, 153, 153, 166, 166, 167, 171-
72, 175, 185-89, 194-95, 198, 218, 239, 
243, 246, 255, 257, 259, 260-66, 264, 
267, 275, 276-77, 277, 281, 283, 285, 
306-307, 318, 323, 444, 446, 452, 455, 
468, 474, 480-81, 484-485, 495, 498, 
500-502,504, 506-507, 511, 601, 604, 
609-610, 639 (Table 7), 643 (Table 10), 
645 (Table 12), 690 

Haight, A. L. (donor), 606 
Haiti, see West Indies 
Hallam,A.,ed.,431 
Halmahera, see Molucca Is. 
Hamilton, W. J., 111,471,478 
Hamlin, H. (donor), 157 
Hancock, Hancock Foundation, see in

stitutions 
Hartnoll, R. G., 500, 503 
Haswell, W. A., 57, 69, 93 
Hawaii, 80, 82, 323-24, 327, 597, 599 
Hay, W. P., 179, 204, 227 
Haygood, B. (donor), 613 
Hedgpeth, J. W., 431, 440-41 
Hediger, H., 124, 495 
heel (on major manus), 684 
heel-and-hollow (in combat), 490, 646-

51 (Table 13), 652 (Table 14), 660 
(Table 21), 684 

heel-and-ridge (in combat), 460, 489-90, 
646-51 (Table 13), 652 (Table 14), 654 
(Table 15), 660 (Table 21), 684 

Heller, C , 57, 81, 93, 102, 291, 301,326 
Henderson, J. R., 291,301 
Hendriksen, Mr. (donor), 596 
Henschell, A.G.E.T., 93 
hepatopancreas, 684 
Herbst, J. F. W., 20, 75, 77, 80-81, 80-

81, 132, 136, 138-39, 138, 163, 165, 
165-67, 167, 171-72, 198, 326, 596, 
601,602 

herding (in waving display), 202, 496, 
498, 503, 658 (Table 20), 660 (Table 
21), 684 

Herklots, J. A., 122, 123 
Herrick, C. L., 198 
Herrnkind, W., 228, 450, 472, 474, 478, 

510 
Hess, W., 66, 66-67, 69, 69, 80, 81, 323, 

596 
Hesse, R., 440,445 
hibernation, 44,441,452, 471 
hierarchies, dominance, 506 
high-rise (agonistic component), 480, 

523-24, 660 (Table 21), 684 
Hilgendorf, F., 61, 81, 93, 103, 123, 301 
Hinde, R., 478 
Hispaniola, see West Indies 
Hobbs, H. H., Jr., 114, 138-39, 167, 172, 

198,239,243, 306-307 
Hoffmann, C. K., 35, 61, 81, 93-94, 105-

108,106-108,301,593,599 
Hoffmann, K., 448 
Holmes, S. J., 182,235,325 
Holthuis, L. B., 20, 66, 82, 85, 89, 93, 94, 

108, 114, 135, 138-39, 142, 148, 160, 
165,167-68,168, 170-72, 171-72, 175, 
182, 198, 208, 243, 281, 285, 289, 306, 
310,593,596,598-99,603,613 
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Hombron (Hombr.), J.-B., 325 
Hong Kong (Hongkong): key, 624-25; 

material, 592, 594, 597-98, 612; re
corded spp., 25ff, 32ff, 44ff, 85ff, 98ff, 
292ff 

honking (sound production), 195, 485 
hood (construction activity), 499-500, 

524-25, 684 
Horch, K. W., 225, 228, 481, 485 
van Hout, Mr. (donor), 596 
Hubbs,C.,431 
Hula I., see Samoa 
Hult,J., 188 
Humboldt Current, 438 
Hummelinck, P. W., (correspondent), 

168; (donor), 604-606 
Hutchinson, R. R., 515 
Huxley, J. S., 5,450, 519, 670 
hybridization, 9, 85, 87, 130, 294-95, 

437, 530, 637 (Table 3), 639 (Table 6, 
note), 684 

Hyman,O.W., 179,227,478 

Ibbry, P. (donor), 66 
Ice Age (climate), 439 
He de France (Ile-de-France), see 

Mauritius 
He du Prince, see Africa, west 
He Maurice, see Mauritius 
He St. Thome, see Africa, west 
Iloilo (Ilo-Ilo), see Philippine Is. 
inactor, 487, 684 
India (incl. Ganges delta): distribution, 

431; key, 621-22; material, 592, 595, 
611-12; nomenclature, 325; paleo-
geography, zoogeography, 432, 435, 
437-38; recorded spp., 29ff, 32ff, 58ff, 
85ff, 286ff, 292ff 

Indian Ocean (incl. Mer des Indes, 
l'Ocean indien): material, 596, 599, 
611; paleogeography, zoogeography, 
433-34, 437, 530; recorded spp., 77ff, 
85ff, 98ff, 292ff. See also Aldabra, 
Andaman, Chagos, Mascarene, Nico-
bar, and Seychelle Is. 

Indochina, see Tonkin, Gulf of 
Indonesia: key, 622-23; recorded spp., 

39ff, 289ff, 292ff. See also Anambas 
Is., Am Is., Bali, Banda Sea, Bima 
(Bay of), Bimlipatam, Borneo, 
Celebes, Dutch East Indies, East 
Indies, Flores, Java, Manoembaii, 
Molucca Is., New Guinea, Seram, 
Sumatra, Sumbawa, Timorlaut Is., 
Timur 

Indo-Pacific: distribution, paleogeog
raphy, zoogeography, 431-39, 640 
(Table 8); evolution, aspects of, 18-19, 
156, 163, 218-19, 527-33, 535; keys, 
620-25; material, 592-98, 610-13; re
corded spp., 25-61, 64-74, 77-95, 98-
108, 286-303; subgenera represented, 
2Iff, 62f,75f,96ff,211ff 

Inez, Brother (donor), 603 
Inhaca I., see Mozambique 
institutions (Uca collections examined): 

abbreviations, addresses, names, 591, 
678; collections transferred, NYZS to 
USNM, 591; material examined, 592-
614; systematic uncertainities, location 

of material, 322-27; topic treatments, 
comments on, 12-13. See also text, 
Systematic Section, recurrent topics 
"Type Material and Nomenclature" 
and "Reference and Synonymy" 

instrument, 459-60, 487, 652 (Table 14), 
684 

intensity (of display), 488, 497, 499, 501, 
517, 521-22, 656 (Table 19), 684 

intention movement, 520, 524 
interdigitated-leg-wag (in sound produc

tion), 463, 484, 522, 660 (Table 21), 
684 

interlace (in combat), 460, 489-90, 521, 
646 (Table 13), 652 (Table 14), 654 
(Tables 15, 16), 660 (Table 21), 684 

intruders, treatment of, by burrow oc
cupants, 492,511 

invertebrates, associated with Uca, 446 
Iran, paleogeography, 434 
Iranian Gulf, see Persian Gulf 
Iriomote I., see Ryukyu Is. 
ischium, 456, 684 
Ishiyaki I., see Ryukyu Is. 
Isthmus, see Panama, Isthmus of 
Istituto e Museo di Zoologia della 

Universita di Torinto, see institutions 
Italian Somaliland, see Somalia 
Ives, J. E., 236, 238-39, 239, 243,608 

Jacquinot, H., 325, 325 
Jamaica, see West Indies 
Jansen, P., 124, 506 
Japan (Japon): distribution, zoogeog

raphy, 3, 18, 21, 433-37; key, 624-25; 
material, 594, 598, 612; nomenclature, 
323; recorded spp., 44ff, 85ff, 98ff, 
292ff. See also Ryukyu Is. 

Japanese Warm Current, 438 
Java (Djawa) (Indonesia): distribution, 

paleogeography, 432, 434, 437; ma
terial, 592-95, 598, 610, 612; recorded 
spp., 32ff, 39ff, 48ff, 52ff, 64ff, 85ff, 
286ff, 292ff 

Java-Philippines Axis, 438 
jerk (in waving display), 524, 684 
jerking-oblique-wave (in waving display), 

496, 524, 658 (Table 20), 660 (Table 
21) 

jerking-vertical-wave (in waving display), 
496, 523-24, 658 (Table 20), 660 
(Table 21), 685 

Johnson, M. E., 495 
Johnson, M.W., 431 
Johnston, H., 123 
Jolo, see Philippine Is. 

Kaiser-Wilhelm Land, see New Guinea 
Kalimantan, see Borneo 
Kalk, M., 61, 95, 104, 108, 303, 440-41 
Kamita, T., 47, 303 
keel, 458, 488, 685 
Kei (Ki) Is. (Pacific O.): material, 596; 

recorded spp., 77ff, 98ff 
Kellogg, C. R., 28, 47, 303 
Kemp, S., 302 
Kenya: material, 599, 611; recorded spp., 

105ff, 292ff 
keys, 615-31 
kinesthesia, 474 

Kingsley, J. S., 12, 38, 47, 51, 61, 66, 68-
69, 69, 80-81, 94, 102-103, 107-108, 
122-23, 135, 138-39, 142, 148, 160, 
171-72, 178, 188, 204, 227, 290, 301-
303,325-26, 596 

Kirk, T. W., 326, 326 
Kleinholz, L. H., 466 
Knopf, G, N., 228 
Korea (Chosen): material, 594; recorded 

sp., 44ff. See also: "Korean and Japa
nese Seas"; Yellow Sea 

"Korean ['Corean'] and Japanese Seas"; 
recorded sp., 292ff. See also: Korea; 
Yellow Sea 

Korte, R., 124 
Kossmann, R., 80-81, 80, 103, 298, 301-

302 
Krauss, F., 61,302 
Kume-jima, see Ryukyu Is. 
Kummel, B.,431 
Kunaraht, Mr. (donor), 35 
k value, 450 

Labuan, see Borneo 
Lamarck, J. B. P. A. de, 93, 138, 138, 

148, 326 
Lanchester, W. F., 31, 37, 51, 81, 94, 302 
landmarks, in orientation, 474 
Langdon, J. W., 474 
larvae, pelagic, 435. See also: megalops; 

zoea 
lateral-circular-wave (in display), 496, 

524, 658 (Table 20), 660 (Table 21), 
685 

lateral-straight-wave (in display), 496, 
524, 658, (Table 20), 660 (Table 21), 
685 

lateral-stretch (agonistic behavior), 479, 
482, 522, 524, 660 (Table 21), 685 

lateral waves (in display), 479, 524, 685 
Latreille, P. A., 20, 20, 81, 93, 101, 125, 

143, 146, 146-48, 148, 167, 227, 299, 
322-23,601 

Laurie, R. D., 81, 94-95, 108, 302 
Lay,G.T. , 324 
Leach, W. E., 15,20, 20, 125, 139 
learning, 474 
LeConte, J., 172,176,178, 178, 604 
left-clawed, 451, 487, 685 
leg, see ambulatory 
leg-side-rub (sound component), 483, 

523, 644 (Table 12), 660 (Table 21), 
685 

legs-out (agonistic behavior), 480, 523, 
660 (Table 21), 685 

leg-stamp (sound component), 479-80, 
484, 523-24, 644 (Table 12), 660 
(Table 21), 685 

leg-stretch (in waving display), 496, 524, 
658 (Table 20), 660 (Table 21), 685 

leg-wag (sound component), 463, 482-
85, 496, 523-24, 644 (Table 12), 660 
(Table 21), 685 

leg-wave (in display), 483, 496, 524, 658 
(Table 20), 660 (Table 21), 685 

Leiden, see institutions 
leks, 512, 517, 685 
Lenz, H., 61,93-94, 301-302 
Leprieur, Mr. (donor), 146 
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leptochelous, 685. See also dimorphism, 
of major claw 

Le Sueur, Mr. (donor), 322 
Liberia: American subgenus reported, 

327. See also Africa, west 
light, 444, 474. See also nocturnal ac

tivity 
Lin, C. C , 47, 84, 94, 102, 302 
Line Is. (incl. Fanning, Penrhyn, Ton-

gareva) (Pacific O.): material, 596; 
recorded sp., 77ff 

line, raised, 685. See also stria 
Linnaeus, C , 3, 20,85, 85, 89, 92-93, 93, 

204, 324, 326,495,597-98 
Linsenmair, K. E., 499 
Linsley, E. G., 5 
localities, geographic, 12-13 
Lockington, W. N., 132, 135, 142, 182, 

232,234-35, 235, 317, 325, 608 
locomotion, 462, 472 
Loo Choo Is., see Ryukyu Is. 
Lopez, J. (donor), 605 
Lorenz, K., 5, 487, 519-20, 681 
Louisiana, see United States of America, 

Gulf coast west of Florida 
Lower California, see Mexico, Pacific 

coast 
Lubang, see Philippine Is. 
Lucas, H., 157,186, 187-88, 188, 281-82, 

284 ["Luc."], 285, 285, 317, 325, 610 
Ludeking, E. W. A. (donor), 289 
Luederwaldt, H., 165, 167, 231, 307 
lunge (agonistic behavior), 479, 484, 522, 

660 (Table 21), 685 
Luzon (Luzone), see Philippine Is. 

Macao: recorded sp., 25ff 
Maccagno, T., 51, 61, 82, 94-95, 103, 

108, 132, 160, 166-67, 166-67, 172, 
179, 182, 182, 188, 198, 227, 231, 235, 
270, 291, 302-303, 307, 321, 603 

MacGinitie, H. D., 431 
MacKay, D. C. G., 450 
MacLeay, W. S., 103 
Macnae, W., 35, 38, 57, 61, 69, 95, 104, 

108, 123, 303, 440-42, 445, 686 
Madagascar: distribution query, 327; 

key, 621-22; material, 593, 595, 597-
99, 611; recorded spp., 32ff, 58ff, 77ff, 
85ff, 98ff, 105ff, 292ff 

Maine (United States of America), 438 
major, 685. See also: cheliped, major; 

side, major 
major-manus-drum (sound component), 

483-85, 523-24, 644 (Table 12), 660 
(Table 21), 685 

major-merus-drum (sound component), 
457, 483, 523, 644 (Table 12), 660 
(Table 21), 685 

major-merus-rub (sound component), 
457, 479, 482, 485, 523, 644 (Table 12), 
660 (Table 21), 685 

Malaya: key; 621-22; material, 592, 594, 
597-98, 611-12; recorded spp., 29ff, 
32ff, 48fT, 77ff, 85ff, 98ff, 286ff, 292ff 

Malay Peninsula, see Malaya 
Malaysia, see: Borneo; Malaya 
Maldive Is. (Indian O.): recorded sp., 

77ff 

male: juvenile attempts to mate, 121, 
450; meral stridulation confined to 
juveniles, 457; taxonomic treatment of, 
11. See also text: Systematic Section, 
recurrent topics "Morphology" and 
"Social Behavior"; Chap. 3, mor
phology; Chaps. 5, 6, social behavior 

man, activities and effects: canning, 44, 
446; claw harvest, 118, 446; favorable 
effect of human proximity, 446-47; 
habitat destruction and pollution, 447 

de Man, J. G., 20, 31, 35, 37-38, 41-43, 
51, 57, 61, 66, 66, 69, 80-81, 93-94, 
102-103, 107-108, 123, 289, 289-291, 
298-99, 299, 301-303, 592, 593 

mandible, 685 
mangroves, 445-47, 685 
Mantel, L. H., 440, 448, 469, 471 
Manton, S. M., 472 
manus, 686; of ambulatories, 462; of 

major cheliped, 457-60; of small 
cheliped, 460 

manus-push (in combat), 487, 522, 654 
(Tables 15, 16) 

manus-rub (in combat), 488, 522, 646 
and 649 (Table 13), 652 (Table 14), 654 

(Tables 15, 16), 686 
maps, 12,409-10 
Marcgrave, G., de Liebstad, 3, 114, 146, 

146,148, 148, 324, 324 
margins (of carapace), 451, 453-54, 686 
Mariana Is. (incl. Saipan) (Pacific O.): 

recorded sp., 292ff 
Warier, P. R., 471, 478 
Marquesas Is. (Pacific O.): distribution, 

96, 431; material, 599; recorded sp., 
98ff 

Marshall Is. (Pacific O.): material, 596-
97, 599; recorded spp., 77ff, 85ff, 98ff 

Martens, E. von, 171, 198 
Martinique, see West Indies 
Maryland, see United States of America, 

Atlantic coast 
Mascarene Is. (Indian O.): recorded 

sp., 98ff 
Massachusetts, see United States of 

America, Atlantic coast north of 
Florida 

material examined, 12-13, 591-614, 678 
Mathieu, Mr. (donor), 100 
mating, see copulation 
Matthews, L. H„ 495 
maturity, gauge of, 450 
Mauritania, see Africa, west 
Mauritius (He de France, He Maurice) 

(Indian O.): material, 596, 599, 611; re
corded spp., 77ff, 85ff, 98ff, 292ff 

maxillae, 456 
maxillipeds, 686; first, 456; second, 445, 

455-56, 469, 533-34; third, 455, 469 
Mayr, E., 5, 431, 450, 526, 528, 678-87, 

689-91 
McCulloch, A. R., 38, 57 
McLaughlin, R., 515 
McNeil, F. A., 89, 94-95, 597 
McNiel.J. A., 147, 152 
MCZ, see institutions 
measurements, 11, 449-51. See also text, 

Systematic Section, recurrent topic in 
spp. treatments 

Mediterranean Sea: paleogeography, 
434; Uca absent from, 122, 639 
(Table 7) 

megalops, 10, 472, 527, 686 
membrane-vibration (sound component), 

484, 523, 644 (Table 12), 660 (Table 
21), 686 

Mer des Indes, see Indian O. 
Mergui Archipelago, see Burma 
merus, 686; of ambulatories, 461-62; of 

major cheliped, 14, 456-57; of small 
cheliped, 460, 462 

methods, 4-5, 9-13, 664-77; casts of 
burrows, 474; need for minimal 
handling, 506, 510 

Mexico (incl. Baja or Lower California): 
distribution, zoogeography, 432, 438-
39 

Atlantic coast: material, 602-603, 
605, 607-608, 613; recorded spp., 
136ff, 163ff, 168ff, 190ff, 200ff, 209ff, 
223ff, 236ff, 304ff 

Pacific coast: material, 601, 603-
605, 608, 614; nomenclature, 325; re
corded spp., 128ff, 163ff, 180ff, 183ff, 
232ff,314ff, 319ff 

See also California, Gulf of 
Mexico, Gulf of, see: United States of 

America, Gulf coast west of Florida 
and Florida; Mexico, Atlantic coast 

Mezozoic Circumtropical Fauna, 434 
Micronesia (incl. Cardina Is., Ngardok, 

Babelthaob) (Pacific O.): recorded 
spp., 85ff, 286ff, 292ff. See also Palau, 
Caroline, Mariana, and Marshall Is. 

mid-Atlantic barrier, 434-35 
mid-Pacific route, 435 
Miers, E. J., 47, 69, 81, 93-94, 123, 301-

302 
mill, gastric, see stomach 
Miller, D. C , 114, 178-79, 198, 204, 228, 

239,440-41,456,472 
Milne-Edwards, A., 57, 61, 80, 93, 102, 

286, 290, 290, 302, 323, 595-97, 610, 
678. See also Edwards, A. and Ed
wards, A. M. 

Milne-Edwards, H., 12, 20, 20, 32, 35, 
35, 37-38, 38, 47,47, 52, 55, 57-58, 57, 
60, 60-61, 69, 80-81, 86, 89, 93-94, 
96, 100, 101-103, 102-103, 123, 132, 
135,138, 138-139, 140, 142, 142, 146-
47, 146-49,149,157, 186, 187-88, 188, 
227, 281-82, 284-85, 285, 291, 298, 
298-300, 301-302, 317, 323, 323-26, 
592-95, 598-99, 601-602, 610-12, 678, 
678; omission of initial, 678. See also 
Edw. and Edwards. 

Mindanao, see Philippine Is. 
Minei, Mr. (donor), 598 
miniaturization, 449, 533 
minor-chela-tap (sound component), 

484, 523, 644 (Table 12), 660 (Table 
21), 686 

minor, 686. See also: cheliped, minor; 
cheliped, small; side, minor 

minor-claw-rub (sound component), 482, 
485, 523, 644 (Table 12), 660 (Table 
21), 686 
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minor-merus-drum (sound component), 
483, 523-24, 644 (Table 12), 660 
(Table 21), 686 

minor-merus-rub (sound component), 
482, 523, 644 (Table 12), 660 (Table 
21), 686 

minor-wave (in display), 496, 658 (Table 
20), 660 (Table 21), 686 

Miocene, 433 
Miranda y Rivera, A. de., 123 
Mississippi, see United States of Amer

ica, Gulf states west of Florida 
Mitchell, J. D., 238 
Miyake, S., 38, 47, 57, 82, 95, 103, 291, 

303 
Mjoberg, E. (donor), 41 
Molucca Is. (incl. Amboina) (Indo

nesia): material, 593, 597, 599, 610, 
612; recorded spp., 32ff, 52ff, 85ff, 98ff, 
286ff, 292ff 

Monod,T., 123, 123-24 
Moore, H. B., 440 
Monte Bello Is. (Australia): material, 

592, 595; recorded spp., 32ff, 52ff 
Moreira, C , 148, 167 
Morgans, J. F. C , 61, 95, 104, 303, 440 
Morocco, see Africa, west 
Morphological Comparison and Com

ment (topic), 11. See also text, Sys
tematic Section, recurrent topic in spp. 
treatments 

morphology, 11-13, 15-17, 448-70, 529-
34. See also text, Systematic Section, 
recurrent topic 

mound, 453, 686 
Mozambique: ecology, 441-42; material, 

599, 611; recorded spp., 58ff, 85ff, 98ff, 
105ff, 292ff 

Mozambique, Canal de, see Madagascar 
mud, 686 
Miiller, F., 3, 468, 495 
Museum of Comparative Zoology, Har

vard University, see institutions 
Museum National d'Histoire Naturelle, 

Paris, see institutions 
Musgrave, A., 95 
mutual combat, see combat 

names: conventions, 678; geographic, 
13,409, 591; scientific, 12-13. See also 
introductory comments, "Index to Sci
entific Names" and to this index 

Nansei Is., see Ryukyu Is. 
Natal, see Union of South Africa 
National Museum of Natural History, 

Washington, see institutions 
Natur-Museum und Forschungs-Institut 

"Senckenberg," Frankfurt, see institu
tions 

Naviagori, Is., see Samoa 
Negros, see Philippine Is. 
Negros Occidentals, see Philippine Is. 
Negros Orientale, see Philippine Is. 
Nemec, C , 55, 57 
Netherlands Antilles, see West Indies 
Netherlands West Indies, see West Indies 
New Caledonia (Nouvelle Caledonie): 

material, 593, 595-97, 599, 611, 613; 
recorded spp., 32ff, 52ff, 77ff, 85ff, 
98ff, 286ff, 292ff; zoogeography, 437 

Newcombe, C. L., 450 
Newell, R. C , 440, 448 
New Guinea (incl. Kaiser-Wilhelm 

Land, Territory of Papua and New 
Guinea, West Irian), hybrid subspp. 
87, 530; key, 622-23; material 593-97; 
599, 610, 612-13; recorded spp., 32ff, 
52ff, 64ff, 77ff, 85ff, 98ff, 286ff, 292ff; 
zoogeography, 434, 437 

New Hebrides (incl. Vanikoro) (Pacific 
O.): recorded spp., 599ff, 613ff; 
Vanikoro as erroneous type-locality, 
60-61,327,330 

New Jersey, see United States of Amer
ica, Atlantic coast north of Florida 

New South Wales, see Australia 
New York, see United States of Amer

ica, Atlantic coast north of Florida 
New York Zoological Society, see insti

tutions 
New Zealand: spp. described from, 323, 

326 
Nicaragua 

Atlantic coast: material, 603-604; re
corded spp., 163ff, 173ff 

Pacific coast: material, 601-603, 
605, 607, 609-10, 614; recorded spp., 
128ff, 140ff, 143ff, 158ff, 163ff, 180ff, 
183ff, 206ff, 254ff, 278ff, 282ff, 314ff, 
319ff 

Nicobar Is. (Bay of Bengal): material, 
592, 595; 598; questionable record, 
327; recorded spp., 32ff, 64ff, 77ff, 85ff, 
98ff, 292ff 

Nicolet, H., 188,285 
Nicoya, Gulf of, see Costa Rica 
Nigeria, see Africa west 
Nobili, G., 37-38, 51, 57, 81, 89, 94-95, 

103, 108, 123, 160, 166-67, 182, 188, 
198, 231, 229-31, 267, 270, 270, 291, 
298, 302-303, 307, 321, 608,610 

Nobre,A., 123 
nocturnal activity, 176, 444, 480-81, 502, 

504 
Nodder, E. R., 138 
nomenclature: as topic, 12; in systematic 

uncertainties, 322-27. See also text 
Systematic Section, recurrent topic 
"Type Material and Nomenclature" 

Nordmann, Mr. (donor), 55 
North Borneo, see Borneo 
North Carolina, see United States of 

America, Atlantic coast north of 
Florida 

Northern Territory, see Australia 
North Vietnam: material, 594; recorded 

sp., 44ff 
Nouvelle Caledonie, see New Caledonia 
N.S.W. (New South Wales), see 

Australia 
Nutting, C. C , 323 
NYZS, see institutions 

l'Ocean indien, see Indian Ocean 
oceans, see Atlantic, eastern; America; 

Indian Ocean; Pacific, eastern; Pacific 
Ocean, is. 

Odessa: as erroneus type-locality, 55, 57, 
327,574 

Oesman, H. (donor), 598 

Okinawa, see Ryukyu Is. 
Oligocene, 434-35, 438 
Oliveira, L. P. H. de, 148, 172, 196, 198, 

231,231,307 
Olivier, M., 81,93, 138, 227 
Oneroa, see Tuamotu Archipelago 
Ono, Y., 47, 302-303 
d'Orbigny, A. D. (donor), 186, 284 
orbit, 451, 453-54, 687. See also antero

lateral angle, crenellations 
organs, internal, 469 
orientation, 474 
orifice, afferent, see aperture, afferent 

branchial 
origins of components (social behavior), 

see components, derivations 
Orr, P. R., 442 
Ortmann, A. E., 12, 14, 28, 37-38, 39, 

41, 42, 43, 47, 61, 66, 69, 81, 94, 102-
103, 108, 123, 142, 148, 178, 291, 302-
303,323,593, 593, 678 

osmoregulation, see regulation, osmotic 
Osorio, B., 123 
ovary, 687 
overhead-circling (in waving display), 

496, 524, 658 (Table 20), 660 (Table 
21), 687 

Owen, R., 323, 324 

Pacific, central, see Pacific Ocean, is. 
Pacific, eastern: allopatry, distribution, 

432; faunal richness, 439; key, 625-29; 
material, 600-605, 607-10, 613-14; 
miniaturization, 533; recorded spp., 
112ff, 128ff, 133ff, 140ff, 143ff, 150ff, 
158ff, 161ff, 163ff, 180ff, 183ff, 206ff, 
220ff, 232ff, 244ff, 247ff, 25Iff, 254ff, 
258ff, 26Iff, 264ff, 267ff, 27Iff, 274ff, 
275ff, 278ff, 282ff, 308ff, 31 Iff, 314ff, 
319ff; subgenera represented, 109ff, 
125ff, 154ff, 21 Iff; sympatry, 10, 447, 
534 

Pacific is., see Pacific Ocean is. 
Pacific Ocean, is. (east to Tuamotu and 

Marquesa Is.): distribution, zoogeog
raphy, 432, 435, 437, 528; key, 622-
23; mangrove distribution, 446; spp. 
recorded from indefinite areas (central 
P., mid-P., P. Is., southern P., South 
P., South Seas, tropical P., tropical 
west P., western P., West P.), 32ff, 77ff, 
85ff, 98ff, 292ff, 593. See also: is., 
Caroline, Ellice, Fiji, Friendly, Gilbert, 
Guam, Ki, Line, Mariana, Marquesas, 
Marshall, New Hebrides, Palau, So
ciety, Samoa, Tuamotu, Wake; regions, 
Micronesia, Polynesia 

paedomophism, 450-51, 455 
Paffen, K.H.,431 
paint (marking), 669-70 
Pakistan: key, 621-22; material, 595, 599, 

611; recorded spp., 58ff, 105ff, 292ff; 
zoogeography, 432 

Palau (Palao, Pelew) Is.: material, 593, 
611; recorded - spp., 32ff, 85ff, 98ff, 
286ff, 292ff 

Palawan, see Philippine Is. 
palm, 687. See also topic "Manus, Pollex 

and Dactyl," 457-60 
Palmer, E. (donor), 608 
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palm-leg-rub (sound component): 482, 
523, 644 (Table 12), 660 (Table 21), 
687 

palp, 687 
Panama Bay, see Panama (country) 
Panama Canal: no migration through, 

531; sympatry at mouth, 446-47 
Panama, Canal Zone, see Canal Zone, 

Panama 
Panama (country) 

Atlantic coast: material, 601; re
corded spp., 136ff, 190ff 

Pacific coast: material, 600-603, 
605, 607, 609-10, 614; recorded spp., 
112ff, 128ff, 133ff, 140ff, 150ff, 158ff, 
163ff, 180ff, 183ff, 220ff, 244ff, 247ff, 
25Iff, 254ff, 26Iff, 267ff, 278ff, 282flF, 
308ff, 31 Iff, 314ff, 319ff 

Panama, Gulf of: faunal richness, 432; 
wide tidal range, 443 

Panama, Isthmus of: allometry and, 432; 
paleogeography, 433, 528. See also 
subspecies 

Panay, see Philippine Is. 
Panikkar,N. K.,291,303 
Papua and New Guinea, Territory of, 

see New Guinea 
Paris, see institutions 
Parisi, B., 47, 94, 103, 303 
Park, O., 440 
Park, T., 440 
Passano, L. M., 448 
Patta, see Witu I. 
pattern, fixed-action, 686 (component) 
Peabody Museum of Natural History, 

Yale University, see institutions 
Pearse, A. S., 31, 41, 55, 55, 57, 94-95, 

103, 172, 175, 179, 204, 227, 302, 486, 
495, 500, 506, 507, 595 

Pearson, J., 455, 469 
Pelew Is., see Palau Is. 
pellets: from burrowing, 472, 274; fecal, 

472; from feeding, 456, 472 
Pemba, see Tanzania 
Penrhyn, see Line Is. 
pericardial sac, 471, 689 
periopod, see ambulatory 
Peron, Mr. (donor), 322 
Persian Gulf (Iranian Gulf): material, 

611; recorded spp., 77ff, 292ff. 
Peru: distribution and zoogeography, 

217, 432, 438; material, 601-03, 605, 
609-10; recorded spp., 128ff, 133ff, 
140ff, 143ff, 150ff, 158ff, 163ff, 183ff, 
244ff, 254ff, 258ff, 26Iff, 264ff, 275ff, 
278ff,282ff, 314ff 

Pesta, O., 94, 103, 142, 182, 303 
pesticides, 447 
Peters, H. M., 128, 132, 246, 250, 257, 

274,281,285,321,495 
Petiver, J., 57, 93, 326 
Pfeffer,G.,61,301 
phases (of social behavior): aggressive 

wandering, 487, 491-92, 505-507, 510, 
514-15, 687; display, waving display, 
487, 505-506, 687; feeding, non-ag
gressive wandering, 505-506, 510; ter
ritorial, 505-506, 687; underground, 
505-506, 687. See also droving, com

bat, precopulatory behavior, waving 
display 

Phelps, W. H., Sr. (donor), 604, 606 
phenetics, numerical, 687 
pheromones, 445, 503, 687 
Philadelphia, see institutions 
Philippine Is. (incl. following: Cebu, 

Iloilo, Jolo, Lubang, Luzon, 
Mindanao, Negros, Negros Occiden-
tale, Negros Orientale, Palawan, 
Panay, Samal, Samar, Tawi Tawi; 
incl. also Gulf of Davao, Cebu Chan
nel, Sulu Province): behavior, 495, 
505-506, 512, 520, 529; ecology, 441, 
443, 446-47; evolution, 529-30; hybrid 
subspp., 87, 294-95; key, 622-23; ma
terial, 592-99, 611-13; recorded spp., 
32ff, 39ff, 49ff, 52ff, 64ff, 77ff, 85ff, 
98ff, 286ff, 292ff; systematic uncertain
ties, 323, 327; zoogeography, 434, 436-
37,439 

Philippines-East Indies axis: zoogeog
raphy, 85,434, 436-37 

Philippines-Java axis, see Philippines-
East Indies axis 

photography, methods, 666, 668 
phylogeny: definition, 687; within sub

genera, 24, 63, 76, 97, 110, 117, 127, 
156-57, 217-19; surveys, 18-20, 531-
33; zoogeography, evolutionary as
pects, 435-36. See also: evolution; in 
text, Systematic Section in spp. treat
ments, recurrent topic "Morphological 
Comparison and Comment" 

physiology, 448, 471. See also: gills, res
piration 

pile, 452, 465-66, 472, 503, 687 
pillars, 499-500, 524-25, 687 
pit, 687 
plasticity, 127, 217, 526-27 
platydactyle, 142 
Pleistocene, 433-34 
pleopod: definition, 687; in female, 465; 

in male, 463-65 
Pliocene, 433-35 
Pocock, R. I., 108 
pollex, 687. See also topic "Manus, 

Pollex and Dactyl," 557-60 
pollex-base-rub (in combat), 498, 646, 

and 650 (Table 13), 652 (Table 14), 660 
(Table 21), 687 

pollex-rub (in combat), 488, 646, and 
649 (Table 13), 652 (Table 14), 660 
(Table 21), 687 

pollex-under-&-over-slide (in combat), 
488, 646, and 650 (Table 13), 652 
(Table 14), 660 (Table 21), 687 

pollution, 446 
Polynesia: recorded spp., 77ff, 85ff, 98ff 
Pope, E., 95 
population, local, 687 
populations, marginal, 528 
pore, genital (male), 687. See also gono-

pore (female) 
Porter, C. E., 186, 284-85 
Portugal: claw harvest, 118; distribu

tion, 432; material, 600; recorded sp., 
118ff 

posing, 506, 688 
post-combat behavior, see combat 

post-megalops, 688 
postures, see behavior, agonistic 
prance (agonistic behavior), 479, 484, 

523, 660 (Table 21), 688 
pnecopulatory behavior (incl. court

ship): definition, 682; general account, 
500-504; introduction, 3; irregular 
behavior, 508; leg-wagging in, 249; 
major claw, unusual use in grasping 
female, 459, 504, 507; nocturnal, 176, 
502; tapping, plucking, 461, 503; as 
topic, 12. See also: copulation; fe
male; sound production; waving dis
play; in text, Systematic Section, re
current topic "Precopulatory Be
havior" in spp. treatments 

predators, 3-4, 446 
pregape-rub (in combat), 479, 490, 647ff 

(Table 13), 652 (Table 14), 660 (Table 
21); 688 

preservation (of specimens), 671-72 
process, inner (on gonopod), 464, 688 
prolonged-leg-stretch (in waving dis

play), 496, 524, 658 (Table 20), 660 
(Table 21), 688 

propodus, 688 
proportions, see growth, allometric; size 
pterygostomian region, 457 
Puerto Rico, see West Indies 

Queensland, see Australia 
Quoy, J. R. C. (donor), 60, 101 

Raben, K. von, 94 
Raffles, Raffles Museum, Singapore, see 

institutions 
Raiatea, see Society Is. 
rainfall, 443 
raised-carpus (agonistic behavior), 482, 

522, 660 (Table 21), 688 
Raj, B. S., 94 
range (geographical): genus, 18; as topic, 

12; zoogeography, 431-39. See also in 
text, Systematic Section: headings for 
subgenera, spp., and some subspp.; in 
spp. treatments as recurrent topic 

range (home), 510 
range (measurements), see measure

ments; size 
Rankin, W. M., 307 
rap, rapping, 483, 485, 501, 688. See also 

major-manus-drum 
Rasa, O.A.E., 515 
rates, evolutionary, 435-36, 528, 530-

31 
Rathbun, M. J., 20, 31, 41, 41, 43, 51, 

51, 55, 57, 81, 83-84, 84, 95, 101, 101, 
103, 108, 108-109, 112, 114, 114, 122-
23,127,131-32,131, 135, 138-39, 142, 
148-49, 152-53, 157, 157, 160, 167, 
172, 175, 178-79, 182, 183, 186-88, 
188-89, 198, 204, 210, 211, 227, 231, 
234-35,235, 237-39, 238-39, 243, 243, 
251,252-53, 253-54, 255, 256-57, 270, 
270-71,272-73, 272-73, 281, 285, 298-
99, 302-303, 304, 306-307, 306-307, 
311, 313, 313-14, 316, 317, 317, 319, 
320-21, 321, 323, 323, 325, 435, 480, 
594, 597, 600-601, 605, 608-10, 612-
14, 645 (Table 12) 
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ratio, k, see k value 
Raut, M.R . ,4 , 446 
receptive behavior, see female 
Red Sea: distribution, zoogeography, 

75, 432, 434, 527; key, 620-21; ma
terial, 598; recorded spp., 77ff, 85ff, 
105ff, 292ff; salinity, 444; temperature, 
442. See also Egypt, Ethiopia 

Reese, E. S., 495 
References and Synonymy: as topic, 12-

13. See also text, Systematic Section, 
as recurrent topic 

regeneration, 450-51 
regions (of carapace): annotated list, 688; 

epibranchial, 471, 483; general ac
count, 451; orbital, pterygostomian, 
suborbital, 454. See also: armature; 
sound production 

regions (geographical): list, 431, zooge
ography, 431-39. See also: America; 
Indo-Pacific; distribution; range 

region, triangular (on major palm), 458 
regulation, osmotic, 442, 688 
Rijksmuseum van Natuurlijke Historie, 

Leiden, see institutions 
relationships, see phylogeny 
releasers (of social behavior), 499 
reproduction, see copulation; female; 

gonopods; gonopores; organs, inter
nal; male; precopulatory behavior; 
spermatophores 

respiration, 455, 491; connections with 
sound production, 483-84, 523 

reversed-circular-wave (in display), 496, 
524, 658 (Table 20), 660 (Table 21) 

rhythms: in behavior, 442-43, 504-505, 
534, 688; in color change, 466-68 

Ribeiro, A., 124 
Richters, E., 61,93, 301 
ridge, 688; on major palm, 488, 689; on 

oribital floor, 453 
right-clawed, 451, 487, 689 
Rikitea, see Society Is. 
ritualization, 515-16, 519-24, 689 
Robertson, J. D., 688 
Rochebrune, A. E., de (fils), 123, 123 
Roode Zee, see Red Sea 
R. P. (Republica Panama), see Panama 

(country) 
Rossignol, M., 124 
Rouch, J., 4 
Roux,J., 38,69, 123,302 
rugosity, 452, 689 
Rumphius, G. E., 3, 85, 93, 94, 495 
Riippell, E., 81 
Ryan, E. P., 503 
Ryukyu (Loo Choo, Nansei, Riu Kiu, 

Ryu Kyu) Is. (incl. following: Irio-
mote, Ishiyaki, Kume-jima, Okinawa): 
distribution, zoogeography, 75, 432, 
437-38; material, 593, 598-99, 611, 
613; recorded spp., 32ff, 85ff, 98ff, 
286ff,292ff; spelling, 13 

Sabah, see Borneo 
sac, pericardial, 471, 689 
Safir,S. R.,204,495, 512 
Sahuli Shelf: distribution, paleogeog-

raphy, 434, 439, 530 

St. Barthelemy, see West Indies 
St. Croix, see West Indies 
St. Martin, see West Indies 
St. Thomas, see West Indies 
Saipan, see Mariana Is. 
Sakai, T., 36, 38, 46-47, 84, 88, 94-95, 

102,291,302-303,593,597-98,611-13 
salinity, 443-44, 689 
Salmon, M., 114, 170-72, 175, 179, 190, 

193-95, 198-205, 196-98, 203, 205, 
225-26, 228, 237, 239, 444, 461, 463, 
480-85, 495, 497-502, 504, 519, 523-
24, 529, 606-607,606, 645 (Table 12) 

Salvador, see El Salvador 
Samal, see Philippine Is. 
Samar, see Philippine Is. 
Samoa (Navigadori Is.): distribution; 

437; material, 596-98, 613; recorded 
spp., 77ff, 85ff, 98ff, 292ff 

Samoan Is., see Samoa 
Sandeen, M.I . , 448 
Sandwich Is., see Hawaii 
Sankarankutty, C , 95, 303, 499 
Sarawak, see Borneo 
Saussure, H. de, 132 
Say, T., 227 
Schenkel, E. 38, 302-303 
Schmidt, K. P., 440, 445 
Schmitt, W. L., 235, 318 
Schone, H., 472, 478-79, 484, 486, 495, 

516 
Schone, H., 484, 495 
Schramm, A., 138-39 
Schiitte, Mr. (donor), 80 
Schwartz, B., 204,495,512 
Seba, A., 81, 138-39, 148 
semi-unflexed-wave, 496, 524, 658 (Table 

20), 660 (Table 21), 689 
Semmelink, J. (donor), 66 
Sendler, A., 103, 227 
Senegambia, see Africa, west 
Seram (Indonesia): material, 594, 612; 

recorded spp., 52ff, 292ff 
Serene, R., 47 
serrations, 453, 689 
setae: on ambulatories, 463; behavior 

and, 461; on carapace, 454; definition, 
689; on gonopods, 464; on small cheli-
peds, 460-61; spoon-tipped (on second 
maxilliped), 455-56, 689; on third 
maxilliped, 455. See also pile 

Sewell, R. B., 81,302 
Seychelle Is.: material, 611; recorded 

spp., 77ff, 292ff 
Shantung, see China 
Shaw, G., 138 
Shen, C , 28, 37, 47, 94, 102, 302 
Shore, C. A., 179,204,227 
Siam, see Thailand 
Siam, Gulf of, see Thailand 
van Siebold, Mr. (donor), 47 
Silas, E. G., 499 
Silvestri, F. (donor), 230 
Simpson, G. G., 5, 103 
Sinai Peninsula: recorded spp., 77ff, 105ff 
Singapore: material, 592, 594, 597, 611-

12; recorded spp., 25ff, 29ff, 32ff, 48ff, 
77ff, 85ff, 292ff; temperature tolerance, 
442; salinity tolerance, 444 

Sivertsen, E., 188 

Size: allometry and, 448-50; in combat 
(relative), 487; in genus, 17; waving 
character and, 128. See also measure
ments; in text, Systematic Section, re
current topic in subgeneric treatments 

Sloane, H., 146, 148, 324, 326 
Smith, S. I., 128, 132, 131-33, 135, 135, 

142, 142, 147-49, 147, 150, 153, 152-
54, 160, 167, 172-73, 175, 175, 178, 
182, 188, 190, 196, 198, 198, 200, 204, 
203-204, 210, 227, 285, 285, 317, 323, 
601,601-602,604-606 

Snook, H. J., 495 
sociality, increased: as evolutionary 

trend, 534 
Society Is. (Pacific O.): distribution, 437; 

material, 595, 597-98; questionable 
record, 326; recorded spp., 52ff, 77ff, 
98ff; systematic uncertainty, 322 

Solomon Is. (Pacific O.): material, 593, 
613; recorded spp., 32ff, 292ff 

Somalia (Somaliland, Italian Somali-
land): material, 599, 611; recorded 
spp., 58ff, 98ff, 105ff, 292ff 

Somaliland, see Somalia 
sound production: account, principal, 

480-85; characteristics, 484-85; com
ponents (behavioral), 481-84, 644 
(Table 12), 660 (Table 21); derivations, 
254, 522-24; drumming, antiphonal, 
481; epibranchial region and, 471, 483; 
evolution and, 534; frequency, 481; 
functions, 473, 480-81, 485, 511, 516; 
historical review, 480-81; respiratory 
water .and, 471, 484; stridulation, 481-
83, 690; structures associated with, 
453-54,456-58, 461, 463; substrate as 
sounding board, 511; vegetation and 
vibration, 483-84; waving replaced by, 
481. See also: nocturnal activity; pre
copulatory behavior; in text, Sys
tematic Section, recurrent topic in spp. 
treatments 

sound recording equipment, 667 
South Africa, see Union of South Africa 
South American shelf, 434 
South Carolina, see United States of 

America, Atlantic coast north of 
Florida 

South China Sea, see Anambas Is. 
Southeast Asia, see Asia 
southern Pacific, see Pacific Ocean, is. 
South Pacific, see Pacific Ocean, is. 
South Seas, see Pacific O., is. 
Spain, recorded sp., 118ff 
speciation, 435-36, 530-31, 689. See also: 

allopatry; evolution; phylogeny; sym-
patry 

species, treatment of, 10-12 
spermatophore, 465, 504, 689 
spine, 455, 689. See also setae 
Sri Lanka, see Ceylon 
Stebbing, T. R. R., 20, 61, 103, 108, 302-

303 
Stephensen, K., 227, 303 
sternum, 451, 689 
Stimpson, W., 25, 27-28, 27-28, 31, 36, 

36, 38, 47, 93, 99, 101-103, 101, 160, 
160, 178, 182, 180-82, 210, 209-10, 
227, 302, 437, 592,602,604,607,678 
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stomach, 455, 689 
Stone, C. P. (donor), 131 
Stossich, M., 54 
Stout, J. F., 228, 444, 480, 483, 485, 495, 

499, 501-502, 645 (Table 12) 
Streets, T. H., 171-72, 317,322 
striae, 452-53, 689-90 
stridulation, see sound production 
Studer, T., 123 
style, 455, 690 
subdactyl-and-subpollex-slide (in com

bat), 489, 646 and 650 (Table 13), 652 
(Table 14), 660 (Table 21), 690 

subdactyl-and-suprapollex-saw (in com
bat), 491, 650-51 (Table 13), 652 
(Table 14), 660 (Table 21), 690 

subgenera: characteristics, 633 (Table 1); 
definition, 690; distribution of, 431-32, 
639 (Table 7); treatment of, 9-11 

subspecies: definition, 690; in evolution, 
528; transisthmian, 112, 145, 163, 183, 
432, 436, 500; treatment of, 9-10. See 
also: coincidence, areas of; hybridiza
tion; Sunda Shelf 

Sulawesi, see Celebes 
Sulu, see Philippine Is. 
Sumatera, see Sumatra 
Sumatra (Sumatera) (Indonesia): ma

terial, 592-94, 612; recorded spp., 29fT, 
32ff, 48ff, 52ff, 85fT, 286ff, 292rT; zoo
geography, 432-37 

Sumbawa (Indonesia): material, 593; re
corded spp., 39ff, 48ff, 77ff 

Sunda region, see Sunda Shelf 
Sunda Shelf: distribution, paleogeog-

raphy, subspeciation, 51, 69, 85, 295, 
434, 437-39, 527-28, 530, 535 

sunshine: activity and, 442, 444; color 
change and,468 

superspecies; definition, 690; treatment 
of9, 11 

supraheel-rub (in combat), 490, 646 and 
651 (Table 13), 652 (Table 14), 660 
(Table 21) 

Surinam (Suriname): material, 604, 606; 
recorded spp., 112, 143, 163, 168, 173, 
190, 240 

Suvatti, C , 51,303 
Sverdrup, H.U. ,431 
Symons, C. T., 302, 495 
sympatric associates: treatment of topic, 

12. See also text, Systematic Section, 
recurrent topic in spp. treatments 

sympatry, 499, 528-30, 534, 690 
synchronous waving, see waving 
synonymy, see References and Syn

onymy 

Tahiti, see Society Is. 
Taiwan (Formosa): distribution, zooge

ography, 432, 436-38; key, 624-25; 
material, 594, 597, 612; name, 13; re
corded spp., 44ff, 83ff, 85ff, 98flf, 292 

Takahasi, S., 47, 84, 95, 303, 474, 593 
Tarn, D. (donor), 611 
Tanga, see Tanzania 
Tanganyika Territory, see Tanzania 
Tanger, see Tangiers 
Tangiers (Tanger, Tangier): material, 

600; recorded sp., 118ff 

Tanzania (incl. Pemba, Tanga, Tan
ganyika Territory, Zanzibar): material, 
595-97,599, 611; recorded spp., 58ff, 
77ff, 85ff, 98ff, 105ff, 292ff 

tapping in combat), 488-91, 644 (Table 
12), 654 (Table 15), 655 (Table 18), 690 

Tashian, R. E., 192-93, 196-98, 203, 442, 
448, 499 

Tawi Tawi, see Philippine Is. 
taxonomy: numerical (techniques un

used; see Preface); procedures, 4-5, 
9-13, 591, 615, 678. See also type 
material 

Teal, J. M., 179, 204, 228, 440, 442, 446, 
448 

Tehuantepec (seaway), 434 
temperature, 441-42, 671 
Tenimber, see Timorlaut 
terrestrial environment: as evolutionary 

trend, 533 
territoriality: account, main, 510-13; in 

evolution, 534; functions, 518-19; tol
eration of intruders, 473, 511 

Tesch,J.J., 37, 81,94, 103,303 
Tethyan (realm, route, seaway), see 

Tethys 
Tethys, Sea of, 55,433-35, 438, 528 
Texas, see United* States of America, 

Gulf coast west of Florida 
Thailand (Siam): key, 622-23; material, 

592, 594, 612; recorded spp., 32ff, 48ff, 
292ff; systematic uncertainty, 322; zoo
geography, 437 

Thallwitz, J., 102 
Thompson, T. I., 515 
threat, 478, 516, 690. See also behavior, 

agonistic 
thumb: on gonopod, 463-64, 690. See 

also pollex 
Thursday I. (Australia): material, 596; 

recorded spp., 32ff, 64ff, 72ff, 292ff, 
tides, 443, 505 
Timorlaut (Tenimber) (Indonesia): ma

terial, 612; recorded sp., 292ff 
Timur (Indonesia): recorded sp., 85ff 
Tinbergen, N., 5, 520, 681 
Tonga, see Friendly Is. 
Tongareva, see Line Is. 
Tongatabou (Tongatabu), see Friendly 

Is. 
Tonkin, Gulf of (Indochina) (North 

Vietnam): material, 594; recorded sp., 
44ff tools (collecting), 669 

tooth, 690. See also tubercles 
Torino, see institutions 
torsion (of gonopod), 463-64, 690 
transportation (of live crabs), 672-73 
Trewartha, G. T., 431,440 
Trinidad & Tobago (West Indies): com

bat, 486-87, 491-92; crabberies, 5, 44, 
47, 56, 99-, 220, 222, 246, 249, 269-70, 
442, 503, 505, 512-13, 520, 673; key, 
629fT; material, 600-601, 603-606, 608, 
613; recorded spp. 112ff, 136ff, 143ff, 
163ff, 168ff, 173fT, 190ff, 240ff, 304ff; 
rhythms, 505; sound production, 481, 
483; weight, 450 

tripods, 668 
Troll, C , 431 
tropical Pacific, see Pacific Ocean, is. 

tropical West Pacific, see Pacific Ocean, 
is. 

Tuamotu Archipelago (incl. Oneroa I.) 
(Pacific O.): distribution 75, 432, 530; 
material, 593-94, 597; questionable 
records, 326-27; recorded spp., 32ff, 
39ff, 48ff, 77ff 

tubercles: on carapace, 451-54; on major 
cheliped, 457-60; definition, 691; role 
in combat derivation, 522; in stridula
tion, 481-83. See also: combat; sound 
production 

Tweedie, M. W. F., 28, 27-29, 30-31, 31, 
51, 57, 69, 94-95, 103, 291, 302-303, 
444, 480, 486, 494-95, 513, 592, 592, 
594,597-98,611-12,678 

type material: incl. in Material Ex
amined, Appendix A, 59Iff; in section, 
"Systematic Uncertainties," 322-27; 
treatment as topic, 12. See also text, 
Systematic Section, recurrent topic 
"Type Material and Nomenclature" 

uka, 38 
Umbgrove, J. H. F., 432 
underwater activity, 168,442 
Union of South Africa (incl. Natal): dis

tribution, 18, 75; material, 595, 599, 
611; recorded spp., 58ff, 85ff, 98ff, 
105ff, 292ff 

United States National Museum, see in
stitutions 

United States of America (U.S.A.): dis
tribution and zoogeography, 432, 438-
39, 527; keys, 625-29, 629-31; ma
terial, 600, 603, 605-608; questionable 
record, 327 

recorded spp.: Atlantic coast, north 
of Florida (incl. Caroline, Connecti
cut, Georgia, Maryland, Massa
chusetts, New Jersey, New York, 
North Carolina, South Carolina, 
Virginia), 176ff, 200ff, 223ff; Florida, 
112ff, 168ff, 176ff, 190ff, 200ff, 223ff, 
236ff, 304ff; Gulf coast, west of 
Florida (incl. Alabama, Louisiana, 
Mississippi, Texas), 176ff, 190ff, 200ff, 
209ff, 223ff, 236ff; Pacific coast (Cali
fornia, Washington), 232, 314 

Universitetets Zoologiske Museum, 
Copenhagen, see institutions 

University of Papua and New Guinea, 
Boroko, see institutions 

UPNG, see institutions 
upper-and-lower-manus-rub (in combat), 

489, 646-47 and 650 (Table 13), 652 
(Table 14), 660 (Table 21), 691 

upset (in combat), 488, 691 
Uruguay: distribution, 18, 432, 438; ma

terial, 608; recorded sp., 229ff 
d'Urville, D., 325 
U.S.A., see United States of America 
Usinger, R. L., 5 
USNM, see institutions 

Vancouver I., see Canada 
Vanikoro, see New Hebrides 
Vatova,A., 61, 104, 108,303 
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Venezuela: material, 600-604, 606, 608, 
613; recorded spp., 112ff, 136ff, 143ff, 
163ff, 168ff, 173ff, 190ff, 240ff, 304fT 

Vernberg, F. J., 192-93, 196-98, 203, 
228,440-42,448,451,604 

Verrill, A. E., 178, 204, 227, 507 
vertical-wave (in display), 496, 523-24, 

658 (Table 20), 660 (Table 21), 691 
Verwey, J., 69, 95, 299, 303, 442, 456, 

472,486, 495 
vibration (in sound production), 482-84, 

501,691 
video equipment, 667 
Vilela.H., 118, 124 
Virginia, see United States of America, 

Atlantic coast, north of Florida 
volume, large (as protection against 

desiccation), 451-52, 455, 533 
Voris,H.K. (donor), 605 

Wake I. (Pacific O.): material, 596; re
corded sp., 77 

Walker, A. O., 93 
wanderer: female, 691; male, see phase, 

non-aggressive wandering 
wnaderer, aggressive, see phase, aggres

sive wandering 
Ward, M., 43, 57, 83, 95, 291, 495 
Warner, G. F., 114, 198,495 
Washington, see institutions 
Waterman, T. H. (ed.), 448, 469, 471 
wave: definition, 691; diminishing, 691; 

lateral, see lateral-wave; primary, 
691, vertical, see vertical-wave. See 
also waving display 

waving display: account, main, 494-99; 
adaptive values, 515; ambivalence, 
495, 501, 517; definition, 682; elevation 

of site, 511; functions, 517-18, 529; 
high intensity, 499, 501; historical re
view, 3, 12, 494-95; phylogeny and, 
18-19, 216-19, 495, 531-34; sound 
production and, 501; sympatry and, 
499, 517, 529-30, 661 (Table 23); syn
chronous waving, 300, 303, 518; ter
ritory and, 511; temperature and, 441; 
timing of, 496, 656-57 (Table 19), 658-
59 (Table 20); uninterrupted sessions, 
292, 518; during walking, 23, 100. 

components, 496, 658-59 (Table 20), 
660 (Table 21); derivations, 523-24; 
restricted to courtship, 501 

See also in text, Systematic Section, 
recurrent heading in spp. treatments 

weight, 450, 670-71 
Werner, F., 123 
Western Australia, see Australia 
west Pacific, see Pacific Ocean, is. 
western Pacific, see Pacific Ocean, is. 
West Indies (inch following is: Antigua, 

Bahamas, Barbados, Cuba, Curacao, 
Dominica, Guadeloupe, Haiti, His-
paniola, Jamaica, Martinique, Nether
lands Antilles, Netherlands West 
Indies, Puerto Rico, St. Barthelemy, 
St. Croix, St. Martin, St. Thomas; also 
incl. Antilles, Antillen); allopatry, 527; 
fossil, 433, 435; key, 629; material, 
600-601, 603-605, 608, 613; systematic 
uncertainties, 323-25, 327; recorded 
spp., 112ff, 136ff, 143ff, 163ff, 168ff, 
190ff, 223ff, 236ff, 240ff, 304ff; zooge
ography, 434. See also: Caribbean; 
Trinidad & Tobago 

West Irian, see New Guinea 
whirls, 485. See also major-manus-drum 

White, A., 21, 42, 51, 51, 57, 62, 66, 69, 
69, 81, 89, 94, 101-103, 101-102, 298, 
301-302, 323,325-26, 594-95,598 

Whitelegge, T., 81 
whitening: display, 466-68; 691; temper

ature and,442 
withdrawal, 479,491, 691 
Witu I. (Africa, east): recorded sp., 292ff 
Woodlark I. (western Pacific): recorded 

sp., 85ff 
Wotton, R. M., 198 
Wright, H.O. , 495, 522 
Wynne-Edwards, V. C , 513 

Xantus, J. (donor), 181 

Yale, see institutions 
Yellow Sea: recorded spp., 44ff, 292ff. 

See also: Korea; Korea and Japanese 
Seas 

Yerkes, R. M.,227 
Yokohama, see institutions 
Yokohama National University, see in

stitutions 
Young, C.G. 139,148,227 

Zanzibar, see Tanzania 
Zehnter, L., 302 
zoeae, 10, 686, 691; food, 472; survival, 

528 
zoogeography: current, see distribution; 

evolutionary aspects, 435-36, 527-30; 
historical (paleogeography), 433-36 

Zoologisch Institut der Universitat, 
Gottingen, see institutions 

Zoologisch Museum, Amsterdam, see in
stitutions 
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