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ABSTRACT

Although fiddler crabs (genus Uca) have been among the most widely studied organisms with re-
spect to sexual selection, agonistic behavior, asymmetry, and visual and acoustic signaling, the
phylogenetic relationships within the genus have remained largely a mystery. After reviewing the
systematic history of the genus and its species, including a discussion of the systematic conflicts
between two alternative proposals of subgeneric division, a phylogenetic analysis was performed
for 88 species on a data matrix of 236 discrete morphological characters. These results were com-
pared to a previously published molecular analysis of 16S ribosomal DNA for 28 species. To a
large extent, the uncertainty in the proper taxonomic names for the subgenera can be resolved with
these results. The biogeographic history of the genus is discussed, although these results do not
provide enough support to allow complete resolution of the deep divergences between Indo-West
Pacific and American clades. There is strong morphological evidence to support the monophyly of
the broad-front taxa; molecular evidence suggests biogeographic subdivisions.

Fiddler crabs (Ocypodidae, Uca) are a
well-known group of small, intertidal
brachyuran crabs, characterized by strong
sexual dimorphism and male asymmetry.
Male fiddler crabs exhibit one of the most ex-
treme levels of body asymmetry of any bi-
lateral organism, having a large major claw
(which contains athird to half of the animal’s
body mass) and a small minor claw; females
have a pair of small claws that resemble the
male's minor claw. The major claw is used
for only two functions: display and combat;
the minor claw is used for feeding. The wav-
ing display of male fiddler crabs serves a
function in both male-male aggression and
male-female species recognition and mate
choice. The genus is cosmopolitan, primar-
ily concentrated in the tropics, although the
crabs range from as far north as Massachu-
setts to as far south as South Africa.

Fiddler crabs have been the subject of a
wide variety of studies, including sexual se-
lection (Christy, 1983, 1987; Backwell et al.,
1999), reproductive isolation (Salmon et al.,
1978, 1979; Salmon and Kettler, 1987), vi-
sual and acoustic display (Salmon, 1965;
Salmon and Atsaides, 1968a; Hyatt, 1977;
von Hagen, 1983, 1984), combat (Crane,
1967; Hyatt and Salmon, 1978, 1979; Jen-
nions and Backwell, 1996), foraging (Miller,

1961; Weissburg, 1992, 1993; Wolfrath,
1992), asymmetry (Huxley and Callow, 1933;
Yamaguchi, 1973; Takeda and Murai, 1993),
allometry (Veitch, 1978; von Hagen, 1987a),
regeneration (Weis, 1977; Trinkaus-Randall,
1982; Hopkins et al., 1999), claw mechanics
(Levinton and Judge, 1993; Levinton et al.,
1995), morphometrics (Rosenberg, 1997), cir-
cadian rhythms (Brown and Webb, 1949;
Brown and Stephens, 1951; Brown et al.,
1954; Palmer, 1964, 1988, 1989, 1991, Barn-
well, 1966, 1968), color change histology
(Coohill et al., 1970; Fingerman and Finger-
man, 1977; Hanumante and Fingerman,
1981), osmoregulation, heat tolerance (Vern-
berg and Tashian, 1959; Vernberg and Vern-
berg, 1968; Vernberg and O’ Hara, 1972), vi-
sual neurology (Land and Layne, 19953, b;
Zeil and Al-Mutairi, 1996; Zeil and Zanker,
1997; Layne, 1998), toxicity, environmental
monitoring, and pollution (Devi, 1987; Weis
and Kim, 1988; Ismail et al., 1991). Despite
these and hundreds of other studies, there has
been very little comparative work on the
genus. Most studies have concentrated on just
one or two species. Thisis due, in large part,
to the lack of a good phylogeny with which
to ground comparative studies in a phyloge-
netic framework (Harvey and Pagel, 1991).
The purpose of thiswork is to create a co-
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herent phylogeny for the genus Uca and use
it to clear up systematic uncertainties in the
delineation of subgenera. This phylogeny
should also prove useful in providing aframe-
work for comparative studies in the future.
Before presenting the current work, | will
briefly describe the history of systematic
study of fiddler crabs at a variety of taxo-
nomic levels, concentrating particularly on
the past 30 years.

HisToRrY

The taxonomic history of the genus Uca
is somewhat complicated, and much of the
confusion and disagreement over the pro-
posed generic, subgeneric, and specific tax-
onomy of the genus is due to these historical
complications.

Genus Uca Leach, 1814

Type Species—Cancer vocans major Herbst,
1782.

The earliest description of the type species
of Ucaisfrom apicture by Seba (1758), which
he called Cancer uka una, Brasiliensibus. A
number of authors subsequently used this same
picture as abasis for naming the species (Man-
ning and Holthuis, 1981). Cancer vocans ma-
jor Herbst, 1782; Ocypode heterochelos
Lamarck, 1801; Cancer uka Shaw and Nod-
der, 1802; and Uca una Leach, 1814, are al
objective synonyms, because they are all based
on the picture and description from Seba
(1758). Because of this, the type species of the
genus Uca is Cancer vocans major. The ear-
liest description of this species based on ac-
tual specimens and not on Seba’s drawing was
Gelasimus platydactylus Milne-Edwards, 1837.

For about 60 years, the genus was known
as Gelasimus, until Rathbun (1897) showed
that the abandonment of the older name Uca
did not conform to zoological naming con-
ventions. The type species of Uca was known
as both Uca heterochelos and U. platydacty-
lus, until Rathbun (1918) suggested the adop-
tion of U. heterochelos as the valid name. Al-
most 50 years later, Holthuis (1962) pointed
out that U. heterochelos was an objective ju-
nior synonym of U. major, and the type species
has been referred to as U. major ever since.

However, Bott (1973a) discovered that
there has been a universal misinterpretation
of the type species; the species pictured by
Seba is not the American species commonly
referred to as U. major, but rather the West
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African/Portuguese species called U. tangeri
(Eydoux, 1835). Correcting this error would
have caused a somewhat painful change of
names (Holthuis, 1979; Manning and
Holthuis, 1981). The type species would still
be called U. major, but would refer to the
West African/European species rather than the
American one; the American species, which
has been called U. major since 1962, would
be called U. platydactylus, a name not used
since 1918.

To deal with this dilemma, the International
Commission on Zoological Nomenclature of -
ficially designated the holotype of Gelasimus
platydactylus as a neotype of Cancer vocans
major (Holthuis, 1979; ICZN, 1983). The re-
sult of this decision is that we retain the
names U. major for the American species and
U. tangeri for the West African/European
species. It also means that although U. tan-
geri istechnically the species upon which the
genus is named, U. major (Cancer vocans
major) is still the official type species of the
genus Uca.

The Subgenera of Uca

Historically, naturalists recognized infor-
mal subdivisions within the genus Uca (e.g.,
Milne-Edwards, 1852; Smith, 1870; Kings-
ley, 1880); the first official splitting of the
genus was not until Bott (1954), who recog-
nized two subgenera: the Minuca, or broad-
front species, and the Uca, or narrow-front
species. The front is the part of the carapace
between the eyestalks (Fig. 1). Relative front
width and eyestalk length are necessarily in-
versely proportional in Uca, because the eye-
stalks are constrained to fit within the orbital
cavity of the carapace; the longer the eye-
stalks, the narrower the front must be.

In the mid-1970s the subdivisions became
much more complicated. In 1975, Jocelyn
Crane's long awaited monograph on fiddler
crabswas finally published. Most of the book
consists of detailed descriptions of each
species and subspecies (she recognized 62
species and 92 taxa). Based on her hypothe-
ses about the evolutionary history of fiddler
crabs, she split the genus into nine subgen-
era(Table 1). Four of the subgenera (Deltuca,
Uca, Thalassuca, and Australuca) contained
narrow-front species; the other five (Minuca,
Celuca, Boboruca, Amphiuca, and Afruca)
contained the broad-front species.

Unfortunately, while Crane's book was in
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Fig. 1. Examples of narrow-front and broad-front morphologies. A) U. ornata; B) U. terpsichores. Figure modified

from Crane (1975).

press, Bott (1973b) published his own divi-
sion of the genus. In a short (11 pages) pa-
per, Bott split the genus Uca into two infor-
mal geographic groups (America and
Africa/lndo-West Pacific) with 10 separate
genera and one genus split into two subgen-
era (Table 2). Bott only recognized 52 taxa
(half as many as Crane); many of the names
he used turned out to be junior synonyms ac-
cording to Crane's treatment. Bott’s descrip-
tions are poor, inadequate, and often appear
to be based on questionable hypotheses.

To make matters worse, Bott's and Crane’'s
subdivisions are largely incompatible. Only
about half of their taxa can easily be equated
(von Hagen, 1976; Manning and Holthuis,
1981). Some of these differences and incom-
patibilities are due to Bott’s (1973a) discov-
ery about the misnaming of the type species
(see above). By the rules of nomenclature,
Bott's names have priority over those of
Crane. According to von Hagen (1976),
Crane’'s subgenera Thalassuca, Amphiuca,
and Boboruca should be called (after Bott)
Mesuca, Paraleptuca, and Planuca, respec-
tively. In addition, if we accept Crane's sub-
divisions as correct, her Deltuca and Celuca
should be called Tubuca and Leptuca. Ac-
cording to Manning and Holthuis (1981),
Crane's Thalassuca should not be replaced by
Mesuca as suggested by von Hagen (1976),
but rather by Gelasimus. In this case, the
group Bott referred to as Gelasimus would

take the name Acanthoplax. Unfortunately, all
of this does little to help resolve the proper
names of the other (sub)genera.

These issues are best resolved with a
greater understanding of the evolutionary re-
|ationships within the genus. Neither Crane's
nor Bott’s subdivision of the genus is based
on numeric systematic methodology. Crane’s
descriptions are very complete and are based
on her hypotheses regarding the biogeo-
graphic history of the genus. Bott’s descrip-
tions are poor, but have priority. In recent
years, most scientists have actively ignored
both potential subdivisions. Whenever there
has been a reference to a subgenus, however,
it has almost always been Crane’s nomen-
clature (e.g., Nakasone, 1982; von Prahl,
1982; Hogarth, 1986).

The Species of Uca

For an overview of all Uca species, the best
reference is Crane (1975); any earlier major
work would be overridden by Crane's de-
scriptions. For the most part, the taxa recog-
nized by Crane are still accepted today. A
number of new species have been described
since the publication of her monograph, one
of her new species has been discovered to be
invalid, and two of her new species were pre-
viously described by Bott (1973b); as with
the subgenera, his names have priority and
take precedence. These changes are summa-
rized in Table 3.
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Tablel. Subdivisions of the genus Uca according to Crane (1975). An asterisk indicates the type species.

Subgenus Author Species Subspecies
Deltuca Crane, 1975 forcipata* (Adams and White, 1848)
rosea (Tweedie, 1937)
dussumieri dussumieri (Milne-Edwards, 1852)
capricornis Crane, 1975
spinata Crane, 1975
demani demani Ortmann, 1897
typhoni Crane, 1975
australiae Crane, 1975
arcuata (de Haan, 1835)
coarctata coarctata (Milne-Edwards, 1852)
flammula Crane, 1975
urvillel (Milne-Edwards, 1852)
acuta acuta (Stimpson, 1858)
rhizophorae Tweedie, 1950
Australuca  Crane, 1975 bellator* bellator (Adams and White, 1848)
signata (Hess, 1865)
minima Crane, 1975
longidigita (Kingsley, 1880)
seismella Crane, 1975
polita Crane, 1975
Thalassuca Crane, 1975 tetragonon* (Herbst, 1790)
formosensis Rathbun, 1921
vocans vocans (Linnaeus, 1758)
borealis Crane, 1975
herperiae Crane, 1975
pacificensis Crane, 1975
dampieri Crane, 1975
vomeris McNeill, 1920
Amphiuca  Crane, 1975 chlorophthal mus* chlorophthalmus (Milne-Edwards, 1852)
crassipes (Adams and White, 1848)
inversa inversa (Hoffmann, 1874)
sindensis (Alcock, 1900)
Boboruca  Crane, 1975 thayeri* thayeri Rathbun, 1900b
umbratila Crane, 1941
Afruca Crane, 1975 tangeri* (Eydoux, 1835)
Uca Leach maracoani* maracoani (Latreille, 1802-1803)
(sensu Bott, insignis (Milne-Edwards, 1852)
1954)
heteropleura (Smith, 1870)
major (Herbst, 1782)
stylifera (Milne-Edwards, 1852)
princeps princeps (Smith, 1870)
monilifera Rathbun, 1914
ornata (Smith, 1870)
Minuca Bott, 1954 mordax* (Smith, 1870)

pygmaea Crane, 1941
vocator

burgersi Holthuis, 1967
panamensis (Stimpson, 1859)
minax (LeConte, 1855)
brevifrons (Stimpson, 1860)
galapagensis

rapax
pugnax

zacae Crane, 1941
subcylindrica (Stimpson, 1859)

vocator (Herbst, 1804)
ecuadoriensis Maccagno, 1928

galapagensis Rathbun, 1902
herradurensis Bott, 1954

rapax (Smith, 1870)

longisignalis Salmon and Atsaides, 1968b
pugnax (Smith, 1870)

virens Salmon and Atsaides, 1968b
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Subgenus Author Species

Subspecies

Celuca Crane, 1975 deichmanni* Rathbun, 1935
argillicola Crane, 1941
pugilator (Bosc, 1802)
uruguayensis Nobili, 1901a

crenulata
speciosa

cumulanta Crane, 1943
batuenta Crane, 1941
saltitanta Crane, 1941
oerstedi Rathbun, 1904
inaequalis Rathbun, 1935
tenuipedis Crane, 1941
tomentosa Crane, 1941
tallanica von Hagen, 1968
festae Nobili, 1901c
helleri Rathbun, 1902
leptochela Bott, 1954
dorotheae von Hagen, 1968
beebei Crane, 1941

crenulata (Lockington, 1877)
coloradensis (Rathbun, 1893)
speciosa (Ives, 1891)
spinicarpa Rathbun, 1900a

stenodactylus (Milne-Edwards and

Lucas, 1843)
triangularis

lactea

leptodactyla Rathbun, 1898
limicola Crane, 1941
musica

|atimanus (Rathbun, 1893)

triangularis (Milne-Edwards, 1873)
bengali Crane, 1975

lactea (de Haan, 1835)

annulipes (Milne-Edwards, 1837)
perplexa (Milne-Edwards, 1837)
mjobergi Rathbun, 1924

musica Rathbun, 1914
terpsichores Crane, 1941

Crane (1975) tended to lump related taxa
into subspecies rather than treat them as dis-
tinct species. A number of studies since that
time have raised virtually all of her sub-
species to specific status (e.g., Salmon et al.,
1979; Thurman, 1979, 1982; Barnwell, 1980;
Green, 1980; Barnwell and Thurman, 1984;
Collins et al., 1984; Salmon and Kettler,
1987; von Hagen and Jones, 1989). It has be-
come common practice with many authorsto
ignore al of the subspecific designations and
treat each as a separate species (e.g., George
and Jones, 1982; von Hagen and Jones, 1989;
Jones and Morton, 1995), and | shall follow
this practice.

The Phylogeny of Uca

The genus Uca belongs to the family Ocy-
podidae, subfamily Ocypodinae. Ghost crabs
(genus Ocypode) have long been considered
the sister-group to fiddler crabs (e.g., Milne-
Edwards, 1852; Crane, 1975; Manning and

Holthuis, 1981), these currently being the
only two genera in the subfamily; this rela-
tionship has been confirmed by recent mole-
cular work (Levinton et al., 1996; Sturmbauer
et al., 1996; Kitaura et al., 1998).

Crane (1975) proposed the first phylogeny
of Uca. In her monograph, she includes den-
drograms depicting her hypotheses as to the
phylogenetic history of the genus. These hy-
potheses are not based on any numeric phy-
|ogenetic methodol ogy, but rather simply her
expertise on the genus and the geographic dis-
tribution of the species. She based her major
divisions primarily on front width, the form
of the gills on the third maxilliped, and the
morphological structures of the gonopods and
orbits. Crane believed that the fiddler crabs
showed an evolutionary progression from low
intertidal to high intertidal (reflecting evolu-
tion away from the purportedly marine an-
cestor) and from simple mating behaviors to
complex mating behaviors. These beliefs,
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Table 2. Divisions of the genus Uca according to Bott (1973b). An asterisk indicates the type species; names in
brackets indicate the correct species name as revised by Crane (1975) (the exceptions being U. neocultrimana and U.
paradussumieri, see below).

Genus Subgenus Author Species
African/Indo-West Pacific Genera:
Uca Leach, 1814 tangeri*
marionis (Desmarest, 1825) [vocans]
Mesuca Mesuca Bott, 1973b tetragonon*
forcipatus
coarctata

brevipes (Milne-Edwards, 1852) [arcuata]
rhizophorae
Latuca Bott, 1973b neocultrimana* Bott, 1973b [pacificensis]
paradussumieri Bott, 1973b [spinata]
rosea
dussumieri
Tubuca Bott, 1973b urvillei*
forceps (Milne-Edwards, 1937) [lactea]
Austruca Bott, 1973b annulipes*
lactea
inversa
orientalis Nobili, 1901b [perplexa]
sindensis
Paraleptuca Bott, 1973b chlorophthal mus*
gaimardi (Milne-Edwards, 1852) [crassipes|
American Genera:
Minuca Bott, 1954 mordax*
burgersi
lanigera von Hagen, 1968 [ecuadoriensis]
panamensis
herradurensis
rapax
brevifrons
murifecenta Crane, 1943 [vocator]
Planuca Bott, 1973b thayeri*
Zilchi Bott, 1954 [umbratila]
deichmanni
galapagensis
macrodactyla (Milne-Edwards and Lucas, 1843) [galapagensis]
uruguayensis
pugilator
Leptuca Bott, 1973b stenodactylus*
leptochela
leptodactyla
festae
coloradensis
beebei
oer stedti
inaequalis
saltitanta
terpsichores
mertensi Bott, 1954 [tomentosa]
Gelasimus Latreille, 1817 maracoani*
platydactylus (Milne-Edwards, 1837) [major]
stylifera
insignis
princeps
Heteruca Bott, 1973b heteropleurus*

coupled with the biogeography of fiddler narrow-front species; these early crabs split
crabs led her to propose the following sce- into multiple narrow- and one broad-front lin-
nario for fiddler crab evolution. Fiddler crabs eages. One narrow-front lineage migrated to
arose in the Indo-West Pacific as primitive the New World and gave rise to the Ameri-
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Table3. Changesto the species-level taxonomy of the genus Uca since Crane (1975).

New speciest Reference

Uca panacea Novak and Salmon (1974)

Uca marguerita Thurman (1981)

Uca elegans George and Jones (1982)

Uca hirsutimanus George and Jones (1982)

Uca intermedia von Prahl and Toro (1985)

Uca victoriana von Hagen (1987b)

Junior synonym Correct name Reference(s)

Uca minima Uca signata George and Jones (1982)

Uca spinata Uca paradussumieri Dai and Yang (1991); Jones and

Uca pacificensis

Incorrect spelling Correct spelling

Uca neocultrimana

Morton (1995)
This study

Reference

Uca longidigita

Uca mjobergi Uca mjoebergi

Uca longidigitum

von Hagen and Jones (1989)
von Hagen and Jones (1989)

"The newly described species Uca pavo George and Jones, 1982, is a junior synonym of Uca capricornis (see von

Hagen and Jones, 1989).

can (and West African) broad- and narrow-
front species. Later, one of the American
broad-front taxa (Celuca) migrated back to
the Indo-West Pacific, to explain the distrib-
ution as seen today.

Salmon and Zucker (1988) suggested that
a widespread fiddler crab fauna, containing
both broad- and narrow-front species, was
subdivided into the Indo-West Pacific group
and the American group in conjunction with
the closing of the Tethys seaway in the late
Oligocene. They believed the similarity in
certain broad- and narrow-front speciesin the
Indo-West Pacific to those in the Americas,
was due to parallel evolution and not shared
phylogenetic history. This would imply that

Ocypode

Afruca I:I Ancestral
Uca Clade
Boboruca § Derived
Minuca § American
Celuca § Clade
Celuca

Amphiuca Indo-West
Thalassuca [ Pacific
Australuca | S12de
Deltuca

Fig. 2. Phylogenetic relationships of Crane’'s (1975)
subgenera, according to Sturmbauer et al. (1996) and Lev-
inton et al. (1996).

the subgenus Celuca was polyphyletic, be-
cause Crane included both American and
Indo-West Pacific speciesin this taxon. They
disagreed with Crane’s behavioral hypothe-
ses of “primitive” and “advanced” behaviors,
and showed that some so-called “primitive’
species show remarkable overlap in behav-
ior with “advanced” species.

Very little molecular phylogenetic work has
been conducted on Uca (Albrecht and von
Hagen, 1981; Suzawa et al., 1993; Levinton
et al., 1996; Sturmbauer et al., 1996). Al-
brecht and von Hagen (1981) studied the phy-
logenetic relationships of ten American
species (representing five subgenera, sensu
Crane) using a combination of electrophoretic
and morphological characters. They found the
same relationships among the subgenera as
proposed by Crane with the single exception
of Boboruca. Crane had proposed this to be
a primitive clade with an uncertain place on
the fiddler crab tree; Albrecht and von Ha-
gen found Boboruca to be a more advanced
clade nested within the subgenus Minuca.

Suzawa et al. (1993) studied the phyloge-
netic relationships of seven Malaysian species
of fiddler crab (representing three subgenera,
sensu Crane) using 10 enzyme and protein
markers. They found the same relationships
among the species as proposed by Crane, with
the exception of the relationship of three
closely related species (U. acuta, U. forci-
pata, and U. rosea) within Crane’'s Deltuca.
Neither Albrecht and von Hagen nor Suzawa
et al. (1993) examined the relationships be-
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tween the American and Indo-West Pacific
species, instead restricting themselves to ei-
ther one or the other group.

Sturmbauer et al. (1996) and Levinton et
al. (1996) represent the most comprehensive
molecular phylogenetic work on fiddler crabs
to date. Their phylogeny is based on 16S ri-
bosomal DNA sequences for 28 species, in-
cluding all nine subgenera (sensu Crane).
They also included one species from each of
four other genera within the Ocypodidae, a
gecarcinid species, and a grapsid species as
outgroups. Their work revealed three inter-
esting results (Fig. 2). First, it confirmed that
Ocypode is the sister group to Uca, while the
other ocypodids are quite distant from both
genera. Second, it found that the Indo-West
Pacific species form a monophyletic clade.
Third, it split the American species into two
clades: a basal clade consisting of the single
West African species and the narrow-front
American species (the subgenera Uca and
Afruca, sensu Crane), and a crown clade con-
sisting of the broad-front American species
(the subgenera Minuca, Boboruca, and most
of Celuca, sensu Crane). Crane's subgenus
Celuca is apparently polyphyletic, with the
Indo-West Pacific species being in a separate
clade from the American species; even within
the American group, the Celuca may not be
monophyletic. Although these three major
clades (basal American, crown American, and
Indo-West Pacific) were well supported, the
specific relationships of species and subgen-
erawithin these clades remained unresolved.

The goal of this research is to construct a
phylogeny encompassing the entire genus,
based on morphological characters, which re-
solves questions about subgeneric and spe-
cific relationships within the genus, and al-
lows one to clarify systematic uncertainties
with regard to subgeneric specifications.

MATERIALS AND METHODS

An initial morphological character list was generated
by combing through numerous species descriptions, com-
parisons, and identification keys (Rathbun, 1933; von Ha-
gen, 1968, 1980; Novak and Salmon, 1974; Crane, 1975;
Altevogt and Davis, 1979; Guinot, 1979; Thurman, 1979,
1981, 1982; Barnwell, 1982; George and Jones, 1982;
Jones and George, 1982; von Prahl, 1982; Barnwell and
Thurman, 1984; Collins et al., 1984; Hendrickx, 1984;
von Prahl and Toro, 1985; Abele and Kim, 1986; Bairagi
and Misra, 1988; von Hagen and Jones, 1989; Dai and
Yang, 1991; Jones and Morton, 1995; Shih et al., 1999).
Numerous additional characters were added upon direct
examination of specimens.
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Table4. Speciesof Uca not included in the phylogenetic
analysis. Subgenerarefer to Crane (1975).

Species Subgenus sensu Crane/comments

Uca helleri Celuca

Uca leptochela Celuca

Uca musica Sister species of U. terpsichores
(see Crane, 1975)

Uca acuta Sister species of U. rhizophorae

(see Crane, 1975)

Minuca, possibly related to
U. minax (see Thurman, 1982)

Minuca

Sister species of U. princeps
(see Crane, 1975)

Known from only 1 specimen;
probably not a valid species
(Crane, 1975; George and
Jones, 1982)

Minuca

Uca longisignalis

Uca pygmaea
Uca monolifera

Uca australiae

Uca victoriana

Every morphological character that could be identified
was included in the data matrix. A single character (hand-
edness) represents a population-level characteristic, rather
than the characteristic of an individual. Most fiddler crab
species have populations with equal numbers of right- and
|eft-handed individuals (handedness refers to the side with
the major claw in males). A few Indo-West Pacific species
are predominantly (greater than 95%) right-handed (Green
and Schochet, 1972; Yamaguchi, 1977; Altevogt and
Davis, 1979; Barnwell, 1982; Jones and George, 1982;
Shih et al., 1999). Handedness has been proposed as a
potential phylogenetic character (Jones and George, 1982)
and was therefore included in this analysis. Although they
have been used to identify phylogenetic relationships in
the past (e.g., Crane, 1975), no behavioral characters were
used in this analysis.

Specimens examined were obtained through personal
collections and from museum collections (Appendix 1).
Of the 97 recognized fiddler crab species, 88 were in-
cluded in the analysis; the remaining nine were unavail-
able for examination and are listed in Table 4. The miss-
ing species are spread across the genus with regards to
their taxonomic position, and their exclusion should not
change the overall conclusions.

Although Ocypode is clearly the sister genus to Uca,
using the Ocypode to root the Uca tree is problematic.
The overwhelming dominant feature of Uca is the ex-
treme sexual dimorphism and asymmetry of the chelipeds;
roughly one-third of the characters are specific to either
the major or minor cheliped. While the chelipeds of Ocy-
pode are asymmetric, they in no way can be considered
amajor and minor (the chelipeds of Ocypode much more
resemble the classic crusher/cutter claw dichotomy seen
in many other Decapods, e.g., lobsters), and it is impos-
sible to reasonably assign states for any of those charac-
ters in the genus Ocypode. The problem is related to the
extreme divergence the genera took with regard to feed-
ing behavior: while Uca species are specialist deposit
feeders, the Ocypode are classic predators.

Attempts to use Ocypode as an outgroup in these
analyses led to a fairly strange rooting of the cladogram,
athough the ingroup relationships were largely unaffected
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Table5. Suites of characters that were inapplicable for some taxa. Characters not listed had aweight of 1.

Morphological feature Character numbers Weight
Minor chela gape serration 22 0.750
Ventral supramarginal groove of major manus 46, 47 0.500
Oblique tubercul ate ridge of major pam 54-57 0.250
Trench on major palm at pollex base 62 0.750
Outer median groove of major pollex 86, 87 0.500
Outer subdorsal groove of major dactyl 90 0.750
Setae on margins of ambulatories 149-164 0.500
Posterolateral striae of carapace 211, 212 0.500
Gonopod thumb 224 0.750
Gonopod flanges 226, 227 0.500

(results not shown). The analysis always placed Ocypode
next to Uca minax; the similarities appear to be primar-
ily due to both species having broad-fronts and similar
setae patterns on the ambulatory legs (although it should
be pointed out that the setae on the legs of Ocypode and
those on Uca are really not at all similar). Rooting at
this point turns the tree upside down with respect to any
previous study (Crane, 1975; Levinton et al., 1996;
Sturmbauer et al., 1996) and is almost impossible to ex-
plain under any reasonable biogeographic scenario. Any
other genus, even within the family Ocypodidae, would
suffer from similar problems and would be even more
divergent from Uca (Levintion et al., 1996). Because of
this problem, the results of the Levinton et al. (1996)
and Sturmbauer et al. (1996) studies were followed; the
subgenera Uca and Afruca sensu Crane were used to root
the tree. Both molecular (Levinton et al., 1996; Sturm-
bauer et al., 1996) and morphological (Crane, 1975) ev-
idence strongly supports the close relationship of these
Species.

A matrix with 236 discrete morphological characters
was subjected to maximum parsimony analysis with
PAUP* 4.0b3a (Swofford, 1999); these characters are
listed in Appendix Il (the data matrix is given in Appen-
dix I11). All characters were unordered, and multistate
characters were treated as polymorphisms. Because of the
large size of the matrix, a heuristic search algorithm with
TBR branch swapping was used; 1,000 searches were per-
formed, with the order of the taxa in the matrix random-
ized each time to ensure that the search was not being
trapped in alocal tree-length minimum (Maddison, 1991).
Nonparametric bootstrap percentages were calculated for
nodes on all trees; each of the 100 bootstrap replicates
consisted of 100 separate heuristic searches with the taxa
order randomized for each replicate.

A critical issue in phylogenetic analysis, and one that
bears heavily on this data set, is how to treat inapplica-
ble characters (Platnick et al., 1991; Maddison, 1993;
Pleijel, 1995; Hawkins et al., 1997). These are different
from missing data in so far as inapplicable characters re-
fer to a set of characters that do not exist for certain taxa;
missing data refers to characters that are unknown. For
example, in the present data set, there are a set of char-
acters concerned with the size, shape, and structure of the
oblique tuberculate ridge on the pam of the major che-
liped (characters 54-57, Appendix I1). However, there are
11 species that do not have thisridge at all. Consequently,
all of the characters that refer to aspects of the ridge have
no meaning for those taxa. Traditionally, these charac-
ters would have been treated as unknowns, but this is
not logically tenable, can add a large degree of uncer-

tainty to the data matrix, and has been shown to lead to
unexpected and undesirable results (Maddison, 1993). An
alternative approach is to add an additional state to each
character that indicates the lack or inapplicability of the
character. The problem with this approach is that as the
number of characteristics of the missing feature increases,
additional weight is being given to the absence of this
feature because it is repeated for multiple characters. The
problem is particularly acute when it is recognized that
such alarge weight is being given to the absence of some-
thing. This problem is not restricted to morphological
analyses but is equivalent to the coding of a gap in mol-
ecular data. It has been suggested that new algorithms and
phylogenetic programs need to be designed to account for
the conceptualization of missing characters (Maddison,
1993; Hawkins et al., 1997).

Unfortunately, there is currently no definitive solution
to the problem. The approach | have taken is as follows:
an additional character state “N” was created for each
character that was missing from some taxa. Characters
that contained this alternate character state were down-
weighted based on the number of characters that referred
to the missing feature. All of the characters with adjusted
weights are listed in Table 5.

To compare the results of these analyses with those
of Levinton et al. (1996) and Sturmbauer et al. (1996),
alternative branching arrangements were entered as con-
straint trees and analyzed separately. Two constraint con-
figurations were tested. In the first, the Indo-West Pa-
cific taxa were constrained to form one clade and the
American taxa to form a second clade (Fig. 3a). In the
second the Indo-West Pacific taxa were constrained to
form one clade, the crown American taxa, sensu Levin-
ton et al. (1996) and Sturmbauer et al. (1996), were con-
strained to form a second clade, and the basal taxa were
constrained as athird clade (Fig. 3b). A Wilcoxon signed-
rank test (Templeton, 1983; Larson, 1994; Sokal and
Rohlf, 1995) was used to test whether the character state
distribution was significantly different for the topologies
obtained from the constrained and unconstrained analy-
ses. Although formally a one-tailed test under these cir-
cumstances, a conservative approach was taken and this
test was evaluated with a two-tailed probability (Felsen-
stein, 1985; Larson, 1994).

RESULTS
Two hundred four of the 236 characters
were parsimony informative. The heuristic

search found 12 MPTs of length 1,517 (con-
sistency index (Cl) = 0.161, retention index
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Fig. 3. Conceptualization of constraint trees used to compare these analyses to other hypotheses. A) Indo-West Pa-
cific vs. American dichotomy; B) Indo-West Pacific vs. crown American dichotomy, with basal American outgroup.

(RI) = 0.660) (Fig. 4). Referring to the sub-
genera sensu Crane (1975), the Uca, Deltuca,
Australuca, and Amphiuca are al mono-
phyletic. The Thalassuca are nearly so, with
only U. formosensis falling outside of the
clade (see Discussion). The single-species
subgenus Afruca (U. tangeri) groups with the
Uca, and the two-species subgenus Boboruca
falls within the midst of the Minuca. The
broad-front taxa are monophyletic, with the
Indo-West Pacific species and one strange
American species, U. argillicola, basal to an
American clade. The Minuca are para-
phyletic, with the Boboruca and a pair of
Celuca (U. panacea and U. pugilator) falling
in their midst, and U. panamensis falling out-
side. The Celuca are polyphyletic.

The general geographic pattern has the nar-
row-front Indo-West Pacific clades branching
one after another along the derived branch
(treating Uca and Afruca as basal). However,
while each of these clades has bootstrap sup-
port for their monophyly, their basal rela-
tionships to each other are only weakly sup-
ported (except for the sister status of the Del-
tuca and Australuca).

Although very few characters do not show
some homoplasy, a number help define spe-
cific clades. The Uca and Afruca clade is sup-
ported by the basal process on the spoon-
tipped setae of the second maxilliped, the lack
of setae on the ventral margins of the ambu-
latory meri, and the absence of alower mar-
gin on the eyebrow (the area along the dor-

sal margin of the orbits often bounded by
raised edges). The Uca have a narrow-front,
while the one species of the Afruca (Uca tan-
geri) has a broad front. The Thalassuca (ex-
cluding U. formosensis) are supported by the
large gill on the third maxilliped, the pre-
dominance of right handed malesin their pop-
ulations, and a distal tooth on the anterodor-
sal margin of the major merus.

The Deltuca and Australuca clade is sup-
ported by a narrow front, the presence of a
median groove on the dactyl, small suborbital
crenulations that are fused or missing along
the length of the margin, and a vertical lat-
eral margin that does not reach the dorsal sur-
face of the carapace. The separation between
the two subgenerais as follows: the Deltuca
are supported by the presence of a trench at
the base of the palm, the outer tubercle row
on the major pollex starts below the dactyl
base, and a crest at the outer corner of the
suborbital margin. The Australuca have a
crest on the anterodorsal margin of the ma-
jor merus.

There are eighteen character changes at the
base of the clade containing Minuca, Celuca,
Boboruca, and Amphiuca. This clade is sup-
ported by the broad front, small turbercles
on the outside of the lower major manus, the
absence (in most species) of an outer median
groove along the major pollex, tuberculate
striae on the ambulatory meri, an inclined
eyebrow, posterolateral striae on the carapace
of most species, and a specialized pleonal
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parsimony analysis, using the second constraint tree (see Fig. 3b). Numbers above branches are bootstrap values.
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Subgenus Author Type Consists primarily of Crane's (1975)
Uca Leach, 1814 U. major Uca and Afruca
Minuca Bott, 1954 U. mordax Minuca and Boboruca
Gelasimus Latreille, 1817 U. vocans Thalassuca
Paraleptuca Bott, 1973b U. chlorophthalmus Amphiuca

Tubuca Bott, 1973b U. urvillel Deltuca

Leptuca Bott, 1973b U. stenodactylus Celuca

Australuca Crane, 1975 U. bellator Australuca

clasping structure in the abdominal cavity.
Within the clade, the Amphiuca have atrench
on the major palm, a depression on the out-
side of the magjor pollex, and a large gill on
the third maxilliped. The other subgenera are
not very well distinguished.

Thefirst constrained search (Fig. 3a) found
40 MPTs of length 1,535 (CI = 0.159, RI =
0.656); thisis 18 steps (1.2%) longer than the
unconstrained search. The second constrained
search (Fig. 3b) found 8 MPTs (Fig. 5) of
length 1,538.5 (Cl = 0.158, RI = 0.655); this
is only 21 steps (1.4%) longer than the un-
constrained search and just 3.5 steps (0.2%)
longer than the first constrained search. Be-
cause the results were so similar, only those
from the second constrained search are shown
(Fig. 5). Other than constraining the Indo-
West Pacific and derived American speciesto
be monophyletic, there are virtually no dif-
ferences between the constrained and uncon-
strained trees. Almost all of the ingroup
topologies are identical. One interesting dif-
ference is the placement of Uca formosensis
at the base of the Deltuca and Australuca sub-
genera, rather than with the Thalassuca. The
bootstrap support for the relationships within
the Indo-West Pacific clade are as strong or
stronger than in the unconstrained tree; the
support within the American clade is slightly
weaker.

The Wilcoxon signed-rank test was signif-
icant (n =52, T,=413.5,t,=-2.51, P < 0.02),
indicating that the character distribution sig-
nificantly supports the unconstrained topol-
ogy more than the constrained topol ogy.

Discussion

To a large extent, this work conforms to
previous studies and hypotheses about the
overall subdivision of the genus Uca. Most
of Crane’s (1975) subgeneric divisions hold
up fairly well, with just a few aberrant
species. Using the phylogeny, we can propose

an application of the proper nomenclature for
the recognizable subgroups (Table 6).

Because of the decision by the International
Commission on Zoological Nomenclature to
designate the holotype of Gelasimus platy-
dactylus as a neotype of Cancer vocans ma-
jor (see Holthuis, 1979; ICZN, 1983), U. ma-
jor (Cancer vocans major) is now the type
species of the genus Uca. Therefore, Uca
should be applied as in Crane (1975) and not
asin Bott (1973b). However, there seems lit-
tlejustification to having U. tangeri in itsown
subgenus (Afruca sensu Crane). Therefore, it
should also be included among the Uca,
which is the name of the subgenus in which
Bott (1973b) had placed it anyway. As noted
by Manning and Holthuis (1981), Bott’s use
of Gelasimus was misapplied and should re-
fer to Crane's subgenus Thalassuca. Bott's
names Paraleptuca, Tubuca, and Leptuca
should replace Crane's subgenera Amphiuca,
Deltuca, and Celuca, respectively. Australuca
(Crane, 1975) and Minuca (Bott, 1954) re-
main more or less unchanged. The remain-
der of Bott's (1973b) names (Mesuca, Latuca,
Planuca, Heteruca, and Austruca) have no
status under the current classification (al-
though see below).

A number of authors (von Hagen, 1987b;
Salmon and Zucker, 1988) have proposed that
the placement of U. thayeri and U. umbratila
(actually a single species with two subspecies
by Crane’s treatment) into their own subgenus
(Boboruca) was unwarranted and that they
should simply be considered members of the
Minuca. The above results strongly place
these species in the midst of the Minuca, and
there seems no reason for them to be con-
sidered a separate subgenus. If one wished
to maintain them as a separate subgenus, the
proper name would be Planuca (Bott, 1973b).

The exact status of the Leptuca (Celuca
sensu Crane) is questionable. These species
appear to represent alarge, rapid radiation in
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the Americas, and their relationships have
been difficult to resolve through phylogenetic
analysis (Levinton et al., 1996; Sturmbauer
et al., 1996; present study). The taxon is pa-
raphyletic (if not polyphyletic), with the Mi-
nuca derived from within the Celuca. If the
Indo-West Pacific species form a clade, the
lactea and triangularis complexes would fall
under the name Austruca (Bott, 1973b), leav-
ing Leptuca for the American species.

Crane had placed U. formosensis in the
clade Thalassuca (now Gelasimus). Recently,
a detailed study of this species (Shih et al.,
1999) questioned this placement and tenta-
tively proposed that the species be included
in the subgenus Deltuca (now Tubuca). Upon
direct examination of specimens, | did not see
much similarity between U. formosensis and
the other Gelasimus. The results of this study
place U. formosensis outside of the Thalas-
suca, in between them and the basal clade.
In the constrained search, U. formosensisfalls
at the base of the Tubuca and Australuca. |
agree that U. formosensis does not appear to
belong to Gelasimus, but | am loathe at this
point to suggest placing it in its own subgenus
(as has been proposed by others, see Shih et
al., 1999). The exact relationship of this
species to the rest of the genus remains un-
certain.

A number of the American broad-front
species show somewhat strange rel ationships.
Uca argillicola tends to group with the Indo-
West Pacific species; U. panacea and U. pugi-
lator group with U. subcylindrica within the
Minuca. Crane (1975) hesitantly placed U.
subcylindrica in the Minuca; other authors
(Barnwell and Thurman, 1984; Thurman,
1984) have found it to be more similar to
some of the Celuca (now Leptuca), especially
somewhat aberrant species such as U. pugi-
lator and U. panacea; this study confirms that
relationship but puts all three species, along
with U. zacae, towards the base of the Mi-
nuca. Another divergent species Crane hesi-
tantly placed within the Minuca is U. pana-
mensis; this study places it squarely among
some of the Celuca. Both U. argillicola and
U. panamensis are highly derived and on ex-
tremely long branches, so their odd placement
may be along-branch effect. Although many
of the American species do form small, well-
supported phylogenetic cohorts, it seems im-
possible to make solid statements about the
fine-scale relationships of these species.
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Some of the species that were not included
in the analysis (Table 4) deserve further com-
ment. Three of the species are thought to be
sister taxa of species included in the analy-
sis(Crane, 1975); for U. musica and U. acuta
this certainly appears to be true. Whether U.
monolifera and U. princeps are sister species
is somewhat questionable; the major claw of
U. monolifera appears to be much more sim-
ilar to the derived shear-like claw of U. or-
nata, U. maracoani, and U. insignis than it
is to the simpler claw of U. princeps. Fur-
thermore, U. princeps shows a lot of behav-
ioral and color variation over its range along
the Pacific coast of Central America (Crane,
1941, 1975; Peters, 1955; von Hagen, 1968),
and may represent a series of cryptic species.
Certainly, a study of the variation within this
species over its geographic range could yield
quite interesting results.

At various times, Uca longisignalis has
been considered a subspecies of both U. ra-
pax (see Crane, 1975) and U. minax (see von
Hagen, 1980). Thurman (1982) found U.
longisignalis to be a distinct species. Fur-
thermore, he felt it was more closely related
to a species group containing U. burgersi, U.
mordax, U. minax, and U. pugnax, rather than
a group containing U. galapagensis, U. her-
radurensis, U. marguerita, and U. rapax. In
the current study, the later species group
forms a clade with a few additional species;
the members of the former species group all
have basal positions within the Minuca. Al-
though its exact position cannot be deter-
mined, itislikely that U. longisignalisis also
among the basal species of the Minuca.

The current results are compatible with pre-
vious small-scale studies (Albrecht and von
Hagen, 1981; von Hagen and Jones, 1989;
Suzawa et al., 1993). The relationships of the
major clades are the same, and only the oc-
casional detailed relationship between closely
related species differs.

One of the most interesting results of ear-
lier work (Levinton et al., 1996; Sturmbauer
et al., 1996) was the division of the Indo-West
Pacific and American clades. The critical
guestion is whether the broad-front speciesin
the Indo-West Pacific and the Americas rep-
resent convergence. Front-width is probably
not adaptive per se, but is rather a side-ef-
fect of selection on eyestalk length (Gould
and Lewontin, 1979). There are ecological
correlations with eyestalk length within the
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Fig. 6. Proposed biogeographic history of the genus Uca. A) Assumes a narrow-front ancestral fiddler crab; B) As-
sumes a broad-front ancestral fiddler crab. Black symbols represent transitions from broad to narrow; white symbols

represent transitions from narrow to broad.

genus, e.g., species with longer eyestalks
(ergo narrower fronts) tend to live on more
open mudflats, while those with shorter eye-
stalks (broad-fronts) live in more closed man-
groves (Crane, 1975). For example, al of the
members of the subgenus Uca live on open
mudflats and have extremely narrow fronts;
the closely related species, U. tangeri, lives
in an extremely complex habitat of closed
mangroves and is essentially a broad-front
species. Narrow-front crabs, with their eyes
close together on long, narrow eyestalks, tend
to have acute vertical resolving power along
the horizon; this leads to better vision and
depth and size perception in open, flat, fea-
tureless habitats (Zeil et al., 1986). Although
there are differences in visua acuity related
to eyestalk length (and therefore broad- and
narrow-front crabs) (Zeil et al., 1986), these
differences are on scales much greater than
the difference seen between broad- and nar-
row-front Uca (Salmon and Zucker, 1988).
It is easily conceivable that this suite of
characters could be convergent. However, the
broad-front species all share another unique
trait, that being a specialized pleonal clasp-
ing apparatus (Guinot, 1979) (this is a spe-
cialized structurein the abdominal cavity that
helps hold the telson in place). This was one
of the first shared-derived characters to ade-
quately diagnose the broad-front Celuca and
Minuca (sensu Crane) in the Americas as sep-
arate from the narrow-front Uca (see Albrecht
and von Hagen, 1981). It was not realized ear-
lier that this character is also found on all of
the broad-front Indo-West Pacific species, in-
cluding the Indo-West Pacific Celuca as well
as the Amphiuca (now Paraleptuca). That this
character could be convergent is possible, but

that its convergence would perfectly parallel
that of front width would be quite surpris-
ing. This character is missing from all of the
narrow-front species, U. tangeri (which
clearly belongs with the American narrow-
fronts), and from all other Ocypodidae
(Guinot, 1979) and strongly supports the
monophyly of the broad-front fiddler crabs.

Biogeographically, the evolution of the
genus is hard to explain simply by the tree
presented in Fig. 4. The branch separating the
two Indo-West Pacific narrow-front clades at
the base of the tree (the Gelasimus and the
clade containing the Australuca and Tubuca)
has little bootstrap support and is supported
by only afew charactersthat all show alarge
degree of homoplasy across the tree. Col-
lapsing this single branch (along with the
branch containing the lone species, Uca for-
mosensis) to form a single Indo-West Pacific
narrow-front clade leads to a geographically
likely scenario for the evolution of the genus
(Fig. 6), quite similar to that proposed by
Levinton et al. (1996) and Sturmbauer et al.
(1996).

In this scenario, the ancestral crabs were
most likely broad-fronted (relative to the
Uca), living in the Americas; thisis supported
by both molecular and the rather minimal fos-
sil evidence (Rathbun, 1926; Brito, 1972). Al-
though a narrow-front ancestry was hypoth-
esized by Crane (1975), al of the potential
outgroups in the family (e.g., Ocypode or
Macrophthalmus) have broad fronts relative
to Uca (the entire family Ocypodidae is nar-
row-fronted relative to most other crabs, e.g.,
Grapsidae or Portunidae). This would imply
evolution from broad-front ancestral crabs.
An early split led to two fiddler crab clades,
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Table 7. Number of changes required under different
scenarios of front-breadth evolution, treating front-breadth
asasingle character.

Indo-West Pacific Broad-Fronts

Ancestral Uca Indo-West Pecific clade American clade

Narrow-front 4 3
Broad-front 2 2

one containing the large American/West
African fiddlers and the other the remainder
of the species. Species from the later clade
crossed what is now the Pacific Ocean to form
the narrow-front Indo-West Pacific subgen-
erg; therest remained in the Americasto form
the broad-front American subgenera.

Reconstructing front-width evolution under
this scenario is quite illustrative (Fig. 6). |g-
noring the Indo-West Pacific broad-front taxa
for the moment, there are two possibilities:
first, the early fiddler crab taxa evolved nar-
row fronts (Fig. 6a), with the broad front re-
turning twice (once in West Africa for Uca
tangeri and once for the American broad-
front subgenera). Second, the narrow front
evolved twice (Fig. 6b), once in the Ameri-
can Uca and once in the Indo-West Pacific
subgenera. The second scenario is more par-
simonious because it only requires two evo-
[utionary events, rather than the three of the
first scenario.

When you consider the Indo-West Pacific
broad-front species the situation becomes
more interesting (Table 7). If the Indo-West
Pacific broad-front species are related to the
American broad-front clade (as the morpho-
logical data suggests) and represent a second
trans-oceanic invasion, the two front-width
scenarios remain unchanged. However, if all
of the Indo-West Pacific species form a clade,
one of the outlined scenarios is affected. If
the ancestral fiddler crabs were broad-fronts,
there is no change (as long as the Indo-West
Pecific broad-fronts are basal, which the mor-
phological evidence suggests). If the ances-
tral fiddler crabs were narrow-fronts, we now
require at least four evolutionary eventsto ex-
plain the pattern.

Although this does not resolve the place-
ment of the Indo-West Pacific broad-front
species with respect to the derived clades, it
certainly suggests that front-width evolution
within the genus has proceeded from broad
to narrow and not the other way around as
previously suggested (Crane, 1975). Further-
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more, it adds support to the proposal (Levin-
ton et al., 1996; Sturmbauer et al., 1996) that
there has not been a general evolutionary
trend in fiddler crabs toward complexity and
theinvasion of the extreme high intertidal en-
vironment, but rather that many of the hy-
pothesized advanced characters were already
present in the ancestors.

CONCLUSIONS

Although there have been a number of
small changes to the genus since the publi-
cation of her monograph, most of Crane's
(1975) subgenera hold up quite well under
phylogenetic analysis. These morphological
based results are at odds with previous mol-
ecular analyses (Levinton et al., 1996; Sturm-
bauer et al., 1996) with respect to the place-
ment of the set of broad-front taxa from the
Indo-West Pacific. Otherwise, we can assign
the proper taxonomic name to most of the fid-
dler crab subgenera, with only the resolution
of the broad-front radiation in the Americas
still causing a problem. Although many of the
species-level relationships are only weakly
supported, especialy for the American broad-
front species, this phylogeny can provide a
framework for future comparative studies.

ACKNOWLEDGEMENTS

| thank Jeff Levinton, Jim Rohlf, Geeta Bharathan, and
Alan Harvey for their help and advice; John Christy, Pat
Backwell, the Smithsonian Tropical Research Institute,
and Recursos Marinos for their help and permission to
perform field work in Panama; the U.S. National Mu-
seum, the American Museum of Natural History, Diana
Jones, and others, for providing specimens for examina-
tion; and Ehab Abouheif for the translation of part of a
critical French manuscript. This paper is contribution
number 1087 from the Graduate Studies in Ecology and
Evolution, State University of New York at Stony Brook.

This work was partly funded by Sigma Xi, the Smith-
sonian Tropical Research Institute, and an NSF grant to
Jeff Levinton.

LiTERATURE CITED

Abele, L. G., and W. Kim. 1986. An Illustrated Guideto
the Marine Decapod Crustaceans of Florida. State of
Florida Department of Environmental Regulation, Tal-
lahassee, Florida.

Adams, A., and A. White. 1848. Crustacea. Pp. 1-66 in
A. Adams, ed. The zoology of the voyage of H.M.S.
“Samarang”; under the command of Captain Sir Ed-
ward Belcher, during the years 1843-1846. Reeve, Ben-
ham, & Reeve, London.

Albrecht, H., and H.-O. von Hagen. 1981. Differential
weighting of electrophoretic data in crayfish and fid-
dler crabs (Decapoda: Astacidae and Ocypodidae).—
Comparative Biochemistry and Physiology 70B:
393-399.



ROSENBERG: FIDDLER CRAB SYSTEMATICS AND PHYLOGENY

Alcock, A. 1900. Materials for a carcinological fauna
of India No. 6. The Brachyura Catometopa, or Grap-
soidea—Journal of the Asiatic Society of Bengal 64:
279-486.

Altevogt, R., and T. A. Davis. 1979. Shift of handedness
in Indian populations of Uca vocans (Linné 1758)
(Crustacea, Decapoda, Ocypodidae).—Zoologischer
Anzeiger 203: 342-344.

Backwell, P. R. Y., M. D. Jennions, J. H. Christy, and N.
|. Passmore. 1999. Female choice in the synchro-
nously waving fiddler crab Uca annulipes.—Ethology
105: 415-421.

Bairagi, N., and A. Misra. 1988. On the taxonomic sta-
tus of Gelasimus acutus Stimpson (Decapoda: Ocypo-
didae) present in the national collection of the Zoo-
logical Survey of India, Calcutta—Journa of the Bom-
bay Natural History Society 85: 449-451.

Barnwell, F. H. 1966. Daily and tidal patterns of activ-
ity in individual fiddler crab (genus Uca) from the
Woods Hole region.—Biological Bulletin 130: 1-17.

. 1968. Therole of rhythmic systemsin the adap-

tation of fiddler crabs to the intertidal zone.—Ameri-

can Zoologist 8: 569-583.

. 1980. Taxonomic differentiation within the

lactea-complex of fiddler crabs in the Sunda Shelf re-

gion.—American Zoologist 20: 957.

. 1982. The prevalence of male right-handedness

in the Indo-West Pacific fiddler crabs Uca vocans (Lin-

naeus) and U. tetrogonon (Herbst) (Decapoda: Ocy-

podidae).—Journal of Crustacean Biology 2: 70-83.

,and C. L. Thurman, Il. 1984. Taxonomy and bio-
geography of fiddler crabs (Ocypodidae: genus Uca) of
the Atlantic and Gulf coasts of eastern North America—
Zoologica Journal of the Linnean Society 81: 23-87.

Bosc, L. A. G. 1802. Manuel de I’ histoire naturelle des
crustacés, contenant leur description et leurs moeurs;
avec figures dessinées d' apres nature. Vol. 1. Deterville,
Paris.

Bott, R. 1954. Dekapoden (Crustacea) aus El Salvador.
1. Winkerkrabben (Uca).—Senckenbergiana Biolog-
ica 35: 155-180.

. 1973a. Die Typus-Art der Gattung Uca Leach

1814 (Decapoda: Ocypodidae).—Senckenbergiana Bio-

logica 54: 311-314.

. 1973b. Die verwandtschaftlichen Beziehungen
der Uca-Arten (Decapoda: Ocypodidae).—Sencken-
bergiana Biologica 54: 315-325.

Brito, 1. M. 1972. Contribuicdo ao conhecimento dos
crustaceos decapodos da formagéo Pirabas. 1-O género
Uca (Brachyura-Ocypodidae).—Anais da Academia
Brasileira de Ciéncias 44: 95-98.

Brown, F. A., Jr., M. F. Bennett, and H. M. Webb. 1954.
Persistent daily and tidal rhythms of O,-consumption
in fiddler crabs.—Journal of Cellular and Comparative
Physiology 44: 477-506.

, and G. C. Stephens. 1951. Studies of the daily

rhythmicity of the fiddler crab, Uca. Modifications by

photoperiod.—Biological Bulletin 101: 71-83.

, and H. M. Webb. 1949. Studies of the daily
rhythmicity of the fiddler crab, Uca. Maodifications by
light.—Physiological Zoology 22: 136-148.

Christy, J. H. 1983. Female choice in the resource-defense
mating system of the sand fiddler crab, Uca pugilator.—
Behavioral Ecology and Sociobiology 12: 169-180.

. 1987. Female choice and breeding behavior of

thefiddler crab Uca beebei.—Journal of Crustacean Bi-

ology 7: 624—635.

855

Collins, M. J., D. A. Jones, and D. A. Clayton. 1984. Re-
description of Uca sindensis (Alcock, 1900) (Brachyura:
Ocypodidae) with notes on the ecology of a population
from Kuwait.—Journal of Crustacean Biology 4:
318-328.

Coohill, T. P, C. K. Bartell, and M. Fingerman. 1970.
Relative effectiveness of ultraviolet and visible light
in eliciting pigment dispersion directly in melanophores
of thefiddler crab, Uca pugilator.—Physiological Zodl-
ogy 43: 232-239.

Crane, J. 1941. Crabs of the genus Uca from the west
coast of Central America—Zoologica (New York) 26:
145-208.

. 1943. Crabs of the genus Uca from

Venezuela—Zoologica (New York) 28: 33-44.

. 1967. Combat and its ritualization in fiddler

crabs (Ocypodidae) with special reference to Uca ra-

pax (Smith).—Zoologica (New York) 52: 49-77.

. 1975. Fiddler Crabs of the World: Ocypodidae:
Genus Uca. Princeton University Press, Princeton, New
Jersey.

Dai, A.-y., and S-I. Yang. 1991. Crabs of the China Seas.
Springer-Verlag, Berlin.

Desmarest, A.-G. 1825. Considérations Générales sur la
Classe des Crustacés, et description des especes de ces
animaux, qui vivent dans la mer, sur les cotes, ou dans
les eaux douces de la France. F. J. Levrault, Paris.

Devi, V. U. 1987. Heavy metal toxicity to fiddler crabs,
Uca annulipes Latreille and Uca triangularis (Milne
Edwards): tolerance to copper, mercury, cadmium, and
zinc.—Bulletin of Environmental Contamination and
Toxicology 39: 1020-1027.

Eydoux, F. 1835. Nouvelle espece de Gélasime—Mag-
asin de Zoologie 5: 1-4.

Felsenstein, J. 1985. Confidence limits on phylogenies
with a molecular clock.—Systematic Zoology 34:
152-161.

Fingerman, M., and S. W. Fingerman. 1977. Antagonis-
tic actions of dopamine and 5-hydroxytryptamine on
color changesin thefiddler crab, Uca pugilator.—Com-
parative Biochemistry and Physiology 58C: 121-127.

George, R. W., and D. S. Jones. 1982. A revision of the
fiddler crabs of Australia (Ocypodinae: Uca).—Record
of the Western Australian Museum Supplement: 1-99.

Gould, S. J, and R. C. Lewontin. 1979. The spandrels
of San Marco and the Panglossian paradigm: a critique
of the adapationist programme.—Proceedings of the
Royal Society of London 205B: 581-598.

Green, C. J. R. 1980. Behavioral taxonomy resolves dif-
ferences between Gulf of California Uca species
(Brachyura, Ocypodidae).—American Zoologist 20:
957.

Green, J. P. and J. Schochet. 1972. Chela type in Uca
vocans.—American Zoologist 12: 714, 715.

Guinot, D. 1979. Données nouvelles sur lamorphologie,
laphylogenése et |a taxonomie des crustacés décapodes
brachyoures.—Meémoires du Muséum National d'His-
toire Naturelle 112A: 1-354.

Haan, W. de. 1835. Crustacea. Pp. 25-64 in P. F. von
Siebold, ed. Fauna Japanica sive descriptio animal-
ium, quae initinere per Japoniam, jussu et asupiciis su-
periorum, que sumum in India Batava |mperium ten-
net, suspecto, annis 1833-1850 collegit, notis, obser-
vationibus et ambrumbrationibus illustravit. Lugduni
Batavorum.

Hagen, H.-O.
Winkerkrabben

v. 1968. Studien an peruanischen
(Uca).—Zoologische Jahrbucher.



856

Abteilung fur Systematik, Okologie und Geographie
der Tiere 95: 395-468.

———. 1976. (Book Review) Jocelyn Crane, Fiddler
Crabs of the World. Ocypodidae: Genus Uca.—Crus-
taceana 31: 221-224.

. 1980. A key to the “X-species’ of North Amer-

ican fiddler crabs (genus Uca).—Zodlogische Med-

edelingen 55: 88-96.

. 1983. Visua and acoustic display in Uca mor-

dax and U. burgersi, sibling species of neotropical fid-

dler crabs. |. Waving display.—Behaviour 83: 229-250.

. 1984. Visua and acoustic display in Uca mor-

dax and U. burgersi, sibling species of neotropical fid-

dler crabs. Il. Vibration signals.—Behaviour 91:

204-228.

. 1987a. Allometric growth in two populations of

Uca tangeri from the Guadalquivir estuary (Andalu-

sia).—Investigacion Pesquera (Barcelona) 51: 443-452.

. 1987b. Morphologie und Winkbalz einer neuen

Uca-Art (Crustacea, Brachyura) aus dem Staat Espir-

ito Santo (Brasilien).—Muitteilungen aus dem Ham-

burgischen Zoologischen Museum und Institut 84:

81-94.

,and D. S. Jones. 1989. The fiddler crabs (Ocy-
podidae: Uca) of Darwin, Northern Territory, Aus-
tralia—Beagle, Records of the Northern Territory Mu-
seum of Arts and Sciences 6: 55-68.

Hanumante, M. M., and M. Fingerman. 1981. 5-hy-
droxytryptamine control of red pigment-dispersing hor-
mone release in the fiddler crab, Uca pugilator: ef-
fects of a 5-hydroxytryptamine uptake inhibitor and a
5-hydroxytryptamine receptor blocker on 5-hydrox-
ytryptamine-induced and iproniazid-induced red pig-
ment dispersion.—General and Comparative En-
docrinology 45: 395-401.

Harvey, P. H., and M. D. Pagel. 1991. The Compara-
tive Method in Evolutionary Biology. Oxford Univer-
sity Press, Oxford.

Hawkins, J. A., C. E. Hughes, and R. W. Scotland. 1997.
Primary homology assessment, characters and charac-
ter status.—Cladistics 13: 275-283.

Hendrickx, M. E. 1984. Studies of the coastal marine
faunna of southern Sinaloa, Mexico. |l. The decapod
crustaceans of Estero el Verde—Anales del Instituto
de Ciencias del Mar y Limnologia 11: 23-48.

Hess, W. 1865. Beitrage zur Kenntniss der Decapoden-
Krebse ost-Australiens.—Archiv fur Naturgeschichte
1865: 127-173.

Herbst, J. F. W. 1782-1804. Versuch einer Natur-
geschichte der Krabben und Krebse. Nebst einer sys-
tematischen Beschreibung ihrer verschiedenen Arten.
J. C. Fuessly, Zurich.

Hoffman, C. K. 1874. Crustacea. Volume Part 5, livr. 2.
Leyden.

Hogarth, P. J. 1986. Occurence of Uca (Deltuca) urvillei
(H. Milne Edwards, 1852) in the Saudi Red Sea (De-
capoda, Ocypodidae).—Crustaceana 51: 222, 223.

Holthuis, L. B. 1962. Forty-seven genera of Decapoda
(Crustacea); proposed addition to the official list.—Bul-
letin of Zoological Nomenclature 19: 232-252.

. 1967. On a new species of Uca from the West

Indian region (Crustacea, Brachyura, Ocypodidae).—

Zooblogische Mededelingen 42: 51-54.

. 1979. Cancer vocans major Herbst, 1782 (Crus-

tacea, Decapoda): request for the use of the plenary

powers to validate a neotype. Z.N.(S). 2235.—Bulletin

of Zoological Nomenclature 35: 248-252.

JOURNAL OF CRUSTACEAN BIOLOGY, VOL. 21, NO. 3, 2001

Hopkins, P. M., A. C.-K. Chung, and D. S. Durica. 1999.
Limb regeneration in the fiddler crab, Uca pugilator:
histological, physiological and molecular considera-
tions—American Zoologist 39: 513-526.

Huxley, J. S., and F. S. Callow. 1933. A note on the
asymmetry of male fiddler-crabs (Uca pugilator).—
Archiv fur Entwicklungsmechanik der Organismen
129: 379-392.

Hyatt, G. W. 1977. Quantitative analysis of size-depen-
dent variation in the fiddler crab wave display (Uca
pugilator, Brachyura, Ocypodidae).—Marine Behav-
iour and Physiology 5: 19-36.

———, and M. Salmon. 1978. Combat in the fiddler
crabs Uca pugilator and U. pugnax: a quantitative
analysis—Behaviour 65: 182-211.

, and . 1979. Comparative statistical and
information analysis of combat in fiddler crabs, Uca
pugilator and U. pugnax.—Behavior 68: 1-23.

ICZN. 1983. Cancer vocans major Herbst, 1782 (Crus-
tacea, Decapoda): neotype designated under the ple-
nary powers.—Bulletin of Zoological Nomenclature
40: 200, 201.

Ismail, A., M. A. Badri, and M. N. Ramlan. 1991. Heavy
metal contamination in fiddler crabs (Uca annulipes)
and hermit crabs (Clibanarius sp.) in a coastal area of
northern peninsular Malaysia—Environmental Tech-
nology 12: 923-926.

Ives, J. E. 1891. Crustaceafrom the northern coast of Yu-
catan, the harbor of Vera Cruz, the west coast of Florida
and the Bermuda |slands.—Proceedings of the Acad-
emy of Natural Science of Philadelphia 43: 176-207.

Jennions, M. D., and P. R. Y. Backwell. 1996. Residency
and size affect fight duration and outcome in the fid-
dler crab Uca annulipes.—Biological Journal of the
Linnean Society 57: 293-306.

Jones, D. S., and R. W. George. 1982. Handedness in
fiddler crabs as an aid in taxonomic grouping of the
genus Uca (Decapoda, Ocypodidae).—Crustaceana 43:
100-102.

, and B. Morton. 1994. The fiddler crabs (Ocy-
podidae: Uca) of Hong Kong.—Asian Marine Biology
11: 9-40.

Kingsley, J. S. 1880. Carcinological notes, No. I|.—Re-
vision of the Gelasimi.—Proceedings of the Academy
of Natural Sciences of Philadelphia 1880: 135-155.

Kitaura, J., K. Wada, and M. Nishida. 1998. Molecular
phylogeny and evolution of unique mud-using territo-
rial behavior in Ocypodid crabs (Crustacea: Brachyura:
Ocypodidae).—Molecular Biology and Evolution 15:
626—637.

Lamarck, J. B. P A.d. 1801. SystemedesAnimaux sans
Vertebres. Deterville, Paris.

Land, M., and J. Layne. 1995a. The visual control of be-
haviour in fiddler crabs I. Resolution, thresholds and
therole of the horizon.—Journal of Comparative Phys-
iology 177A: 81-90.

, and . 1995b. The visual control of be-
haviour in fiddler crabs 1. Tracking control systems
in courtship and defense—Journal of Comparative
Physiology 177A: 91-103.

Larson, A. 1994. The comparison of morphological and
molecular datain phylogenetic systematics. Pp. 371-390
in B. Schierwater, B. Streit, G. P. Wagner, and R. De-
Salle, eds. Molecular Ecology and Evolution: Ap-
proaches and Applications. Birkhéuser Verlag, Basel.

Latreille, P. A. 1802-1803. Histoire naturelle, générale
et particuliere des crustacés et des insectes: ouvrage




ROSENBERG: FIDDLER CRAB SYSTEMATICS AND PHYLOGENY

faisant suite aux oeuvres de Leclerc de Buffon, et par-

tie du cours complet d'histoire naturelle rédigé par C.

S. Sonnini. Vol. VI. Paris.

. 1817. Gélasime, Gelasimus (Buffon). Pp.
517-520 in Nouveau dictionnaire d’ histoire naturelle,
appliquée aux arts, al’agriculture, al’ économie rurale
et domestique, a I’'médecine, etc. Par une Société de
Naturalistes et d’ Agriculteurs. Deterville, Paris.

Layne, J. E. 1998. Retinal location is the key to identi-
fying predatorsin fiddler crabs (Uca pugilator).—Jour-
nal of Experimental Biology 201: 2253-2261.

Leach, W. E. 1814. Crustaceology. Pp. 383-437 in The
Edinburgh Encyclopedia. Brewster, Edinburgh.

LeConte, J. 1855. On anew species of Gelasimus.—Pro-
ceedings of the Academy of Natural Sciences of
Philadelphia 7: 402, 403.

Levinton, J., C. Sturmbauer, and J. H. Christy. 1996.
Molecular data and biogeography: resolution of a con-
troversy over evolutionary history of a pan-tropical
group of invertebrates—Journal of Experimental Ma-
rine Biology and Ecology 203: 117-131.

,and M. L. Judge. 1993. Therelationship of clos-

ing force to body size for the major claw of Uca pug-

nax (Decapoda: Ocypodidae).—Functional Ecology 7:

339-345.

, ——, and J. P. Kurdziel. 1995. Functional dif-
ferences between the major and minor claws of fid-
dler crabs (Uca, family Ocypodidae, order Decapoda,
subphylum Crustacea): a result of selection or devel-
opmental constraint.—Journal of Experimental Marine
Biology and Ecology 193: 147-160.

Linnaaus, C. 1758. Systema Naturae Tenth edition. Vol.
I. Holmiae.

Lockington, W. N. 1877. Remarks on the Crustacea of
the west coast of North America with a catalogue of
the species in the museum of the California Academy
of Sciences—Proceedings of the California Academy
of Sciences 7: 94-108, 145-156.

Maccagno, T. 1928. Crostacei Decapodi. Le specie del
genere Uca Leach conservate nel Regio Museo Zoologico
di Torino.—Bollettino dei Musei di Zoologia ed Anato-
mia comparata della R. Universita di Torino 41: 1-52.

Maddison, D. R. 1991. The discovery and importance of
multiple islands of most-parsimonious trees.—Sys-
tematic Zoology 40: 315-328.

Maddison, W. P. 1993. Missing data versus missing char-
acters in phylogenetic analysis.—Systematic Biology
42: 576-581.

Manning, R. B., and L. B. Holthuis. 1981. West African
brachyuran crabs (Crustacea: Decapoda).—Smithson-
ian Contributions to Zoology 306: 1-379.

McNeill, F. A. 1920. Studies in Australian carcinology.
No. 1.—Records of the Australian Museum 13:
105-1009.

Miller, D. C. 1961. The feeding mechanism of fiddler
crabs, with ecological considerations of feeding adap-
tations.—Zoologica (New York) 46: 89-100.

Milne-Edwards, A. 1873. Recherches sur la faune car-
cinologique de la Nouvelle-Caledonie.—Nouvelles
Archives de Museum d'Historie Naturelle, Paris 9:
156-332.

Milne-Edwards, H. 1837. Historie naturelle des crustacés
comprenant I’ anatomie, la physiologie et |a classifica-
tion des ces animaux. Vol. 2. Paris.

. 1852. Observations sur |es affinités zool ogiques

et la classification naturelle des crustacés—Annales

des Sciences Naturelles. Zoologie. Série 3 18: 109-166.

857

,and H. Lucas. 1843. Crustacés. Pp. 1-39 in A.
D. d’Orbigny, ed. Voyage dans |’ Amerique Meridionale
(Le Brésil, la République crientale de I’ Urugauy, la
République Argentine, la Patagonie, la République du
Chili, la République de Bolivia, la République du
Pérou), exécuté pendant les années 1826, 1827, 1828,
1829, 1830, 1831, 1832 et 1833. Bertranad, Paris.

Nakasone, Y. 1982. Ecology of the fiddler crab Uca
(Thalassuca) vocans vocans (Linnaeus) (Decapoda:
Ocypodidae) I. Daily activity in warm and cold sea-
sons.—Researches on Population Ecology 24: 97-109.

Nobili, G. 1901a. Decapodi raccolti dal Dr. Filippo Sil-
vestri nell’ America meridionale—Bollettino dei Mu-
sei di Zoologia ed Anatomia comparata della R. Uni-
versita di Torino 16(402): 1-16.

. 1901b. Note intorno ad una collezione di

Crostacei di Sarawak (Borneo).—Bollettino dei Mu-

sei di Zoologia ed Anatomia comparata della R. Uni-

versita di Torino 16(397): 1-14.

. 1901c. Viaggio del Dr. Enrico Festa nella Re-
pubblica dell’ Ecuador e regioni vicine. XXIIl. De-
capodi e Stomatopodi.—Bollettino del Musei di Zo-
ologia ed Anatomia comparata della R. Universita di
Torino 16(415): 1-58.

Novak, A., and M. Salmon. 1974. Uca panacea, a new
species of fiddler crab from the Gulf coast of the United
States.—Proceedings of the Biological Society of
Washington 87: 313-326.

Ortmann, A. E. 1897. Carcinologische Studien.—Zool-
ogische Jahrbucher. Abtheilung fir Systematik, Geo-
graphie und Biologie der Thiere 10: 258-372.

Palmer, J. D. 1964. A persistent, light-preference rhythm
in fiddler crab, Uca pugnax and its possible adaptive
significance—American Naturalist 98: 431-434.

. 1988. Comparative studies of tidal rhythms. V1.

Several clocks govern the activity of two species of fid-

dler crabs—Marine Behaviour and Physiology 13:

201-219.

. 1989. Comparative studies of tidal rhythms.

V1. The circalunidian locomotor rhythm of the brack-

ish-water fiddler crab, Uca minax.—Marine Behaviour

and Physiology 14: 129-143.

. 1991. Contributions made to chronobiology by
studies of fiddler crab rhythms.—Chronobiology In-
ternational 8: 110-130.

Peters, H. M. 1955. Die Winkgebarde von Uca and Min-
uca (Brachyura) in vergleichend-ethologischer,
-0kologischer und -morphologisch-anatomischer Be-
trachtung.—Zeitschrift fiir Morphologie und Okologie
der Tiere 43: 425-500.

Platnick, N. I., C. E. Griswold, and J. A. Coddington.
1991. On missing entries in cladistic analysis—
Cladistics 7: 337-343.

Pleijel, F. 1995. On character coding for phylogeny re-
construction.—Cladistics 11: 309-315.

Prahl, H. von. 1982. The distribution of the genus Uca
(Crustacea: Ocypodidae) along the Colombian Pacific
coast.—Zoologische Jahrbiicher. Abteilung fir System-
atik, Okologie und Geographie der Tiere 109: 433-442.

,and N. Toro. 1985. Uca (Uca) intermedia (Crus-
tacea: Brachyura: Ocypodidae). A new fiddler crab of
the Pacific coast of Columbia—Zoologischer Anzeiger
215: 274-278.

Rathbun, M. J. 1893. Descriptions of new genera and
species of crabs from the west coast of North America
and the Sandwich |slands.—Proceedings of the United
States National Museum 16: 223-260.




858

———. 1897. A revision of the nomenclature of the
Brachyura—Proceedings of the Biological Society of
Washington 11: 153-167.

. 1898. [Type description of Uca leptodactyla] in
The Northrop collection of Crustacea from the Ba-
hamas; W. M. Rankin, pp. 225-258.—Annals of the
New York Academy of Sciences 11: 227-228.

———. 1900a. Synopses of North-American inverte-
brates. XI. The Catometopous or Grapsoid crabs of
North America—American Naturalist 34: 583-592.

. 1900b. Results of the Branner-Agassiz expedi-

tion to Brazil. I. The decapod and stomatopod Crus-

tacea.—Proceedings of the Washington Academy of

Sciences 2: 133-156.

. 1902. Papers from the Hopkins Stanford Gala-
pagos expedition 1898-1899. VIII. Brachyura and
Macrura—Proceedings of the Washington Academy of
Sciences 4: 275-292.

———. 1904. Descriptions of three new species of
American crabs.—Proceedings of the Biological Soci-
ety of Washington 17: 161, 162.

———. 1914. New genera and species of American
Brachyrhynchous crabs.—Proceedings of the United
States National Museum 47: 117-129.

. 1918. The grapsoid crabs of America—United
States National Museum Bulletin 97: 1-461.

———. 1921. New species of crabs from Formosa.—
Proceedings of the Biological Society of Washington
34: 155, 156.

. 1924. Results of Dr. E. Mjoberg’s Swedish sci-

entific expeditions to Australia 1910-1913. 37.

Brachyura, Albuneidae and Porcellanidae.—Arkiv for

Zoologi 16: 1-33.

. 1926. Thefossil stalk-eyed Crustacea of the Pa-

cific slope of North America—United States National

Museum Bulletin 138: 1-155.

. 1933. Brachyuran crabs of Porto Rico and the
Virgin Islands.—Scientific Survey of Porto Rico and
the Virgin Islands 15: 1-121.

———. 1935. Preliminary description of six new
species of crabs from the Pacific coast of America—
Proceedings of the Biological Society of Washington
48: 49-52.

Rosenberg, M. S. 1997. Evolution of shape differences
between the major and minor chelipeds of Uca pug-
nax (Decapoda: Ocypodidae).—Journal of Crustacean
Biology 17: 52-59.

Salmon, M. 1965. Waving display and sound production
in the courtship behavior of Uca pugilator, with com-
parison to U. minax and U. pugnax.—Zoologica (New
York) 50: 123-150.

,and S. P. Atsaides. 1968a. Visual and acousti-

cal signalling during courtship by fiddler crabs (genus

Uca).—American Zoologist 8: 623-639.

,and . 1968b. Behavioral, morphological

and ecological evidence for two new species of fid-

dler crabs (genus Uca) from the Gulf Coast of the

United States.—Proceedings of the Biological Society

of Washington 81: 275-290.

, S. D. Ferris, D. Johnston, G. W. Hyatt, and G.

S. Whitt. 1979. Behavioral and biochemical evidence

for species distinctiveness in the fiddler crabs, Uca spe-

ciosa and U. spinicarpa.—Evolution 33: 182—191.

, G. W. Hyatt, K. McCarthy, and J. D. Costlow,

Jr. 1978. Display specificity and reproductive isola-

tion in the fiddler crabs, Uca panacea and U. pugila-

tor.—Zeitschrift fur Tierpsychologie 48: 251-276.

JOURNAL OF CRUSTACEAN BIOLOGY, VOL. 21, NO. 3, 2001

,and M. K. Kettler. 1987. The importance of be-

havioral and biochemical differences between fiddler

crab taxa, with special reference to Uca rapax (Smith)
and U. virens (Salmon & Atsaides).—Contributions in

Marine Science 30: 63-76.

,and N. Zucker. 1988. Interpreting differencesin
the reproductive behavior of fiddler crabs (genus Uca).
Pp. 387407 in G. Chelazzi and M. Vannini, eds. Be-
havioral Adaptation to Intertidal Life. Plenum Press,
New York.

Seba, A. 1758. Locupletissimi rerum naturalium thesauri
accurata descriptio, et iconibus artificiosissimis
expressio, per universam physiees historiam. Opus, cui,
in hoc rerum genere, nullum par exstitit. Vol. 3.
Amsterdam.

Shaw, G., and E. R. Nodder. 1802. The naturalist's mis-
cellany. Vol. 14. London.

Shih, H.-T., H.-K. Mok, H.-W. Chang, and S.-C. Lee.
1999. Morphology of Uca formosensis Rathbun, 1921
(Crustacea: Decapoda: Ocypodidae), an endemic fid-
dler crab from Taiwan, with notes on its ecology.—
Zoological Studies 38: 164-177.

Smith, S. 1. 1870. Notes on American Crustacea. No. 1.
Ocypodoidea.—Transactions of the Connecticut Acad-
emy of Arts and Science 2: 113-176.

Sokal, R. R., and F. J. Rohlf. 1995. Biometry. Third edi-
tion. W. H. Freeman and Company, New York.

Stimpson, W. 1858. Prodromus descriptionis animalium
evertebratorum queein Expeditione ad Oceanum Paci-
ficum Septentrionalem, a Republica Federata missa,
Cadwaladaro Ringgold et Johanne Rodgers Ducibus,
observavit et descripsit. Pars. V. Crustacea Ocy-
podoidea.—Proceedings of the Academy of Natural
Science of Philadelphia 10: 93-110.

. 1859. Notes on North American Crustacea, No.

1.—Annals of the Lyceum of Natural History of New

York 7: 49-93.

. 1860. Notes on North American Crustacea, in
the museum of the Smithsonian Institution. No. Il.—
Annals of the Lyceum of Natural History of New York
7: 176-246.

Sturmbauer, C., J. S. Levinton, and J. H. Christy. 1996.
Molecular phylogeny analysis of fiddler crabs: test of
the hypothesis of increasing behavioral complexity in
evolution.—Proceedings of the National Academy of
Sciences (U.S.A.) 93: 10855-10857.

Suzawa, Y., H. S. Yong, and M. Murai. 1993. Genetic
differentiation of Malaysian fiddler crabs (genus
Uca).—Comparative Biochemistry and Physiology
105B: 529-533.

Swofford, D. L. 1999. PAUP*. Phylogenetic Analysis
Using Parsimony (*and Other Methods). Version 4.
Sinauer Associates: Sunderland, Massachusetts.

Takeda, S., and M. Murai. 1993. Asymmetry in malefid-
dler crabs is related to the basic pattern of claw-wav-
ing display.—Biological Bulletin 184: 203-208.

Templeton, A. R. 1983. Phylogenetic inference from re-
striction endonuclease cleavage site maps with partic-
ular reference to the evolution of humans and the
apes.—Evolution 37: 221-244.

Thurman, C. L., Il. 1979. Fiddler crabs of the Gulf of
Mexico.—Ph.D. thesis. University of Minnesota.

. 1981. Uca marguerita, a new species of fiddler
crab (Brachyura: Ocypodidae) from eastern Mexico.—
Proceedings of the Biological Society of Washington
94: 169-180.

———. 1982. On the distinctness of the fiddler crabs




ROSENBERG: FIDDLER CRAB SYSTEMATICS AND PHYLOGENY

Uca minax (LeConte) and Uca longsignalis Salmon &
Atsaides in their region of sympatry (Decapoda
Brachyura, Ocypodidae).—Crustaceana 43: 37-50.

. 1984. Ecological notes on fiddler crabs of south
Texas, with specia reference to Uca subcylindrica.—
Journal of Crustacean Biology 4: 665—681.

Trinkaus-Randall, V. E. 1982. Regeneration of trans-
planted chelae in two species of fiddler crabs (Uca
pugilator and Uca pugnax).—Journal of Experimental
Zoology 224: 13-24.

Tweedie, M. W. F. 1937. On the crabs of the family Ocy-
podidae in the collection of the Raffles Museum.—Bul-
letin of the Raffles Museum 13: 140-170.

. 1950. Grapsoid crabs from Labuan and
Sarawak.—Sarawak Museum Journal 5: 338-369.

Veitch, L. G. 1978. Size, shape and allometry in Uca; a
multivariate approach.—The Mathematical Scientist 3:
35-45.

Vernberg, F. J., and R. E. Tashian. 1959. Studies on the
physiological variation between tropical and temper-
ate zone fiddler crabs of the genus Uca. |. Thermal
death limits.—Ecology 40: 589-593.

Vernberg, W. B., and J. O'Hara. 1972. Temperature-
salinity stress and mercury uptake in the fiddler crab,
Uca pugilator—Journal of the Fisheries Research
Board of Canada 29: 1491-1494.

, and F. J. Vernberg. 1968. Studies on the phys-
iological variation between tropical and temperate zone
fiddler crabs of the genus Uca—X. Theinfluence of tem-
perature on cytochrome-C oxidase activity.—Compar-
ative Biochemistry and Physiology 26: 499-508.

Weis, J. S. 1977. Regeneration of limbs autotomized at
different times in the fiddler crab, Uca pugilator.—
Canadian Journal of Zoology 55: 656-660.

859

, and K. Kim. 1988. Tributyltin is a teratogen in
producing deformitiesin limbs of the fiddler crab, Uca
pugilator.—Archives of Environmental Contamination
and Toxicology 17: 583-587.

Weissburg, M. J. 1992. Functional analysis of fiddler
crab foraging: sex-specific mechanics and constraints
in Uca pugnax (Smith).—Journal of Experimental Ma-
rine Biology and Ecology 156: 105-124.

. 1993. Sex and the single forager: gender-spe-
cific energy maximization strategiesin fiddler crabs.—
Ecology 74: 279-291.

Wolfrath, B. 1992. Field experiments on feeding of Eu-
ropean fiddler crab Uca tangeri.—Marine Ecology
Progress Series 90: 39-43.

Yamaguchi, T. 1973. Asymmetry and dimorphism of
chelipeds in the fiddler crab, Uca lactea De Haan.—
Zoological Magazine 82: 154-158.

. 1977. Studies on the handedness of the fiddler
crab, Uca lactea.—Biological Bulletin 152: 424-436.

Zeil, J,, and M. M. Al-Mutairi. 1996. The variation of
resolution and of ommatidial dimensions in the com-
pound eyes of the fiddler crab Uca lactea annulipes
(Ocypodidae, Brachyura, Decapoda).—Journal of Ex-
perimental Biology 199: 1569-1577.

, G. Nalbach, and H.-O. Nalbach. 1986. Eyes, eye

stalks and the visual world of semi-terrestrial crabs.—

Journal of Comparative Physiology 159A: 801-811.

, and J. M. Zanker. 1997. A glimpse into crab-

world.—Vision Research 37: 3417-3426.

REecelveD: 26 May 2000.
AccepTeD: 20 February 2001.



860

JOURNAL OF CRUSTACEAN BIOLOGY, VOL. 21, NO. 3, 2001

APPENDIX |. SPECIMENS EXAMINED.

Species Collection Species Collection
Uca annulipes USNM 128591 Uca maracoani USNM 138580
Uca arcuata USNM 64953 Uca marguerita USNM 180443
Uca argillicola MSR-Diablo, Panama, Fall 1997 Uca minax To JL—Beaufort, North Carolina, Oct. 1992
Uca batuenta MSR-Rodman N.B., Panama, Fall 1997 Uca mjoebergi USNM 138072
Uca beebei MSR-Rodman N.B., Panama, Fall 1997 Uca mordax USNM 138589
Uca bellator USNM 137932 Ucaneocultrimana  USNM 138196
Uca bengali USNM 138168 Uca oerstedi USNM 138610
Ucaborealis To JL—Starfish Bay, Hong Kong, Uca ornata MSR-Rodman N.B., Panama, Fall 1997
July 1995 Uca panacea To JL—Panacea, Florida, Oct. 1992
Uca brevifrons USNM 138483 Uca panamensis MSR-Naos, Panama, Fall 1997
Uca burgersi USNM 126959 Uca paradussumieri  USNM 138001
Uca capricornis DJ-Grove, N.T., Australia, May 1982 Uca perplexa DJ-Batangas Bay, Austraia, Aug. 1965
Uca To JL-Durban Harbour, South Africa, Uca polita USNM 138096
chlorophthalmus Feb. 1993 Uca princeps MSR-Rodman N.B., Panama, Fall 1997
Uca coarctata USNM 137965 Uca pugilator MSR—Flax Pond, Long Island, New York,
Uca coloradensis USNM (no number) July 1998
Uca crassipes USNM 137964 Uca pugnax MSR-Flax Pond, Long Island, New York,
Uca crenulata JL—Catalinalsland, San Diego, California July 1998
Uca cumulanta USNM 137516 Uca rapax USNM 93084
Uca dampieri DJ-Barred Creek, Broome, Australia, Uca rhizophorae USNM 137924
May 1978 Uca rosea USNM 138099
Uca deichmanni MSR-Rodman N.B., Panama, Fall 1997 Uca saltitanta MSR-Rodman N.B., Panama, Fall 1997
Uca demani USNM 137982 Uca seismella USNM 138103
Uca dorotheae USNM 138534 Uca signata USNM 137946
Uca dussumieri USNM 125711 Uca sindensis USNM 138046
Uca ecuadoriensis MSR-Diablo, Panama, Fall 1997 Uca speciosa USNM 138824
Uca elegans DJ-New Mangrove Bay, Australia, June Uca spinicarpa USNM 139174
1980 Uca stenodactylus MSR-Rodman N.B., Panama, Fall 1997
Uca festae MSR-Diablo, Panama, Fall 1997 Uca stylifera MSR-Rodman N.B., Panama, Fall 1997
Uca flammula USNM 137980 Ucasubcylindrica  JL-DFKingsville, Texas, July 1995
Uca forcipata USNM 138010 Ucatallanica USNM 138838
Uca formosensis USNM 138015 Uca tangeri JL-JP-Mira Estuary, Portugal, July 1993
Uca galapagensis USNM 138536 Uca tenuipedis MSR-Rodman N.B., Panama, Fall 1997
Uca herradurensis MSR-Diablo, Panama, Fall 1997 Uca terpsichores MSR-Rodman N.B., Panama, Fall 1997
Uca hesperiae USNM 138189 Uca tetragonon USNM 138120
Uca heteropleura MSR-Rodman N.B., Panama, Fall 1997 Uca thayeri JL-MS-Boca Raton, Florida, Sept. 1993
Uca hirsutimanus DJ-Derby, Australia, April 1983 Uca tomentosa USNM 138840
Ucainaegualis MSR-Rodman N.B., Panama, Fall 1997 Ucatriangularis USNM 138173
Ucainsignis USNM 138577 Uca typhoni USNM 138874
Ucaintermedia MSR-Rodman N.B., Panama, Fall 1997 Uca umbratila MSR-Diablo, Panama, Fall 1997
Ucainversa USNM 138044 Uca uruguayensis USNM 138876
Uca lactea To JL—Starfish Bay, Hong Kong, Aug. Ucaurvillel To JL-Durban Harbour, South Africa,
1995 Feb. 1993
Uca latimanus USNM 138562 Ucavirens USNM 128129
Uca leptodactyla USNM 138568 Uca vocans USNM 210843
Uca limicola USNM 138573 Uca vocator USNM 137753
Uca longidigitum USNM 137942 Uca vomeris USNM 138206
Uca major USNM 137748 Uca zacae USNM 138871
Key

DJ-Specimens provided to author by Diana Jones.
JL—Personal collection by Jeff Levinton.
JL-DF-Specimens provided to Jeff Levinton by Don Felder.
JL-MS-Specimens provided to Jeff Levinton by Michael Salmon.

JL-JP-Specimens provided to Jeff Levinton by José Paula.

MSR—Personal collection by the author.
To JL—Specimens provided to Jeff Levinton.

USNM—Collection of the United States National Museum of Natural History.
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APPENDIX |l. CHARACTER LIST.

Epibranchial region without (0) or with (1) pile.

Epibranchial region without (0) or with (1) setae.

Epibranchial region setae are sparse (0) or numerous (1).

Epibranchial region without (0) or with (1) tuberculation.

Epibranchial region ridge below orbit is without (0) or with (1) tuberculation.

Antennae are long (0) or short (1).

Antennular flagella are hidden beneath the front (0) or are not hidden (1).

Gill on 3rd maxilliped is large with many books (0) or small and leaflike (1) (Crane, 1975).

Spoon-shaped setae of 2nd maxilliped without (0) or with (1) basal process (Crane, 1975).

10. Highly dimorphic chelipeds are found only in the males (0) or in both sexes (1).

11. Minor ischium without (0) or with (1) a large tubercle on the distal ventral anterior margin.

12. Large teeth absent (0) or present (1) on the posteroventral margin of the minor merus.

13. Posterior surface of minor merus without (0) or with (1) longitudinal row of tubercles above posteroventral
margin (Crane, 1975; George and Jones, 1982).

14. Posterior surface of minor merus rounded (0) or flattened (1) (Crane, 1975).

15. Chelalength of minor cheliped are shorter than/equal to (0) or longer than (1) the manus (Crane, 1975).

16. Minor gape width is narrower than half of adjacent dactyl (0), between half and full width of adjacent dactyl
(1), or greater than the width of the adjacent dactyl (2).

17. Minor pollex without (0) or with (1) an enlarged tooth.

18. Minor dactyl without (0) or with (1) an enlarged tooth.

19. Minor pollex without (0) or with (1) aridge along the ventral margin.

20. Minor dactyl without (0) or with (1) a ridge along the dorsal margin.

21. Minor cheliped without (0) or with (1) serrations in the gape (George and Jones, 1982; von Hagen and Jones,
1989).

22. Minor cheliped serrations are small and similar in size (0) or large and unequal (1) (Crane, 1975).

23. Minor cheliped tip shape is forceps-like (0) or spooned (1) (Collins et al., 1984).

24. Major cheliped is found approximately equally on the left and right side (0) or is found predominantly
(greater than 80%) on the right side (1).

25. Major ischium without (0) or with (1) a stridulating ridge.

26. Major ischium without (0) or with (1) a large tubercle on the distal ventral anterior margin.

27. Anteroventral margin of major merus is without (0) or with (1) tuberculation.

28. Anterodorsal margin of major merus is without (0) or with (1) tuberculation (Crane, 1975).

29. Anterodorsal margin of major merus without (0) or with (1) a distal tooth (Jones and Morton, 1994).

30. Anterodorsal margin of major merus without (0) or with (1) a large convex flange (Crane, 1975).

31. Anterodorsal margin of major merus without (0) or with (1) along crest (Crane, 1975).

32. Dorsal margin of major merus is without (0) or with (1) pile.

33. Ventral margin of major merus is without (0) or with (1) pile.

34. Large tooth absent (0) or present (1) on inner anterior surface of major carpus.

35. Large tooth absent (0) or present (1) from proximal anterodorsal margin of major carpus.

36. Vertical row of tubercles absent (0) or present (1) from anterior surface of major carpus.

37. Anterodorsal margin of major carpus without (0) or with (1) tuberculation.

38. Major carpus without (0) or with (1) dorsal margin pile.

39. Dorsal part of major carpal cavity without (0) or with (1) pile.

40. Pile absent (0) or present (1) in the gape of the major cheliped.

41. Outer major manus without (0) or with (1) depression at the base of the pollex (George and Jones, 1982).

42. Outer magjor manus dorsal margin is smooth (0) or rough (1) (Collins et al., 1984).

43. Outer major manus without (0) or with (1) a groove along the dorsal margin.

44. Outer major manus without (0) or with (1) a groove outside the dactyl cusp.

45. Outer major manus without (0) or with (1) a ventral supramarginal groove.

46. Ventral supramarginal groove of outer major manus extends to base of pollex (0) or well onto pollex (1).

47. Ventral supramarginal groove of outer major manus without (0) or with (1) pile.

48. Outer major manus ventral margin armature is weak (0) or strong (1).

49. Outer major manus without (0) or with (1) tuberculation.

50. Outer major manus with small (0) or large (1) tubercles on the upper surface.

51. Outer major manus with small (0) or large (1) tubercles on the lower surface.

52. Base of major cheliped pam without (0) or with (1) a stridulating ridge.

53. Major cheliped palm without (0) or with (1) oblique tubercle ridge.

54. Oblique ridge of the major cheliped consists of small (0) or large (1) tubercles.

55. Oblique ridge of major palm ends without (0) or with (1) a large tubercle.

56. Tubercles of oblique ridge of palm are in a single row (0) or multiple rows (1) (Hendrickx, 1984).

57. Oblique ridge of the major cheliped terminates at the carpal cavity (0) or the ventral margin (1).

58. Dorsal margin of major palm is without (0) or with (1) a beaded ridge aong the carpal cavity.

59. Predactyl ridge(s) along palm of major cheliped are parallel to (0) or diverging from (1) the palm-dactyl joint
(Crane, 1975; Thurman, 1979; von Hagen, 1980).

60. Major palm has one (0) or two (1) predactyl ridges (Crane, 1975).

©CONOUTAWNE
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APPENDIX |l. CHARACTER LIsT. Continued.

Major palm without (0) or with (1) a trench at the base of the pollex.

Trench at base of major palm is linear (0) or trifid (1).

Major palm without (0) or with (1) a tuberculate ridge running between the oblique ridge and the dactyl.
Major palm without (0) or with (1) tuberculation (Thurman, 1979).

Middle tubercle row on major pollex is without (0) or with (1) a large median tooth.

Outer tubercle row on major pollex is without (0) or with (1) a median tooth.

Middle tubercle row on major pollex is without (0) or with (1) a large subdistal tooth.

Outer tubercle row on major pollex is without (0) or with (1) a large subdistal tooth.

Middle tubercle row on major pollex is without (0) or with (1) a proximal tooth.

Outer tubercle row on major pollex is without (0) or with (1) a proximal tooth.

Middle tubercle row on major dactyl is without (0) or with (1) a median tooth.

Outer tubercle row on major dactyl is without (0) or with (1) a median tooth.

Middle tubercle row on major dactyl is without (0) or with (1) a small subdistal tooth.

Middle tubercle row on major dactyl is without (0) or with (1) a large proximal tooth.

Inner tubercle row on major dactyl is without (0) or with (1) an extra large tubercle on the inside edge of the
dactyl.

Inner tubercle row on major dactyl is absent (0) or present (1) distally.

Inner tubercle row on major dactyl is absent (0) or present (1) proximally.

Outer tubercle row on major dactyl is absent (0) or present (1) distally.

Outer tubercle row on major dactyl is absent (0) or present (1) proximally.

Major pollex without (0) or with (1) little teeth on its distal cutting edge (George and Jones, 1982).
Major dactyl without (0) or with (1) little teeth on its distal cutting edge (George and Jones, 1982).
Inner tubercle row of major pollex extends to the base of the dacty! (0) or past the base of the dactyl (1).
Outer tubercle row of major pollex does not (0) or does (1) start at the dactyl base.

Length of the major dactyl is less than or equal to the length of the manus (0), between one and two times as
long as the manus (1), twice as long or greater than the length of the manus (2).

Major pollex without (0) or with (1) an outer median groove.

Outer median groove of major pollex without (0) or with (1) pile.

Outer median groove of major pollex curves up to center of pollex base (0) or stays close to ventral margin
).

Major dactyl without (0) or with (1) an outer median groove (George and Jones, 1982).

Major dactyl without (0) or with (1) an outer subdorsal groove (George and Jones, 1982).

Outer subdorsal groove of major dactyl short (0) or long (1) (Bairagi and Misra, 1988).

Major pollex shape not triangular (0) or strongly triangular (1).

Major pollex is the same width or wider than the dactyl (0) or narrower than the dactyl (1).

Major pollex tip is simple (0) or bifid/trifid (1).

Major dactyl tip is simple (0) or bifurcate (1).

Major chela tips are not (0) or are (1) forceps-like.

Major dactyl and pollex without (0) or with (1) thin sharp, inward spines.

Major pollex without (0) or with (1) a ventral marginal carina.

Major pollex without (0) or with (1) outer surface tuberculation.

Major dactyl without (0) or with (1) outer surface tuberculation.

. Outside of major pollex without (0) or with (1) pits (Crane, 1975).

. Pits on outer pollex without (0) or with (1) pile.

. Ambulatory legs are short (0) or long (1) (Crane, 1975).

. Merus of the 1st ambulatory leg is slender (0) or broad (1).

. Merus of the 2nd ambulatory leg is slender (0) or broad (1).

. Merus of the 3rd ambulatory leg is slender (0) or broad (1).

. Merus of the 4th ambulatory leg is slender (0) or broad (1).

. Dorsal margin curvature of the merus of the 2nd ambulatory leg is straight (0) or convex (1).
. Dorsal margin curvature of the merus of the 3rd ambulatory leg is straight (0) or convex (1).
. Dorsal margin curvature of the merus of the 4th ambulatory leg is straight (0) or convex (1).
. Posterior surface of 1st ambulatory leg without (0) or with (1) tuberculation (Collins et al., 1984).
. Longitudinal row of setae absent (0) or present (1) on anterior surface of the merus of the 1st ambulatory leg.
. Ambulatory meri without (0) or with (1) tubercles on striae.

. Anterior tubercles on the manus of the 1st ambulatory leg are absent (0) or present (1).

. Anterior tubercles on the merus of the 1st ambulatory leg are absent (0) or present (1).

. Anterior tubercles on the carpus of the 1st ambulatory leg are absent (0) or present (1).

. Pile absent (0) or present (1) on the manus of the 1st ambulatory leg.

. Pile absent (0) or present (1) on the carpus of the 1st ambulatory leg.

. Pile absent (0) or present (1) on the merus of the 1st ambulatory leg.

. Pile absent (0) or present (1) on the carpus of the 2nd ambulatory leg.

. Pile absent (0) or present (1) on the manus of the 2nd ambulatory leg.

. Pile absent (0) or present (1) on the merus of the 2nd ambulatory leg.

. Pile absent (0) or present (1) on the carpus of the 3rd ambulatory leg.
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APPENDIX |l. CHARACTER LIsT. Continued.

123. Pile absent (0) or present (1) on the manus of the 3rd ambulatory leg.

124. Pile absent (0) or present (1) on the merus of the 3rd ambulatory leg.

125. Pile absent (0) or present (1) on the carpus of the 4th ambulatory leg.

126. Pile absent (0) or present (1) on the merus of the 4th ambulatory leg.

127. Large teeth absent (0) or present (1) on posteroventral margin of the merus of the 1st ambulatory leg.

128. Large teeth absent (0) or present (1) on posteroventral margin of the merus of the 2nd ambulatory leg.

129. Large teeth absent (0) or present (1) on posteroventral margin of the merus of the 3rd ambulatory leg.

130. Large teeth absent (0) or present (1) on posteroventral margin of the merus of the 4th ambulatory leg.

131. Anteroventral margin serration absent (0) or present (1) distally on the merus of the 1st ambulatory leg.

132. Anteroventral margin serration absent (0) or present (1) proximally on the merus of the 1st ambulatory leg.

133. Posteroventral margin serration absent (0) or present (1) on the merus of the 1st ambulatory leg.

134. Dorsal margin serration absent (0) or present (1) on the merus of the 1st ambulatory leg.

135. Anteroventral margin serration absent (0) or present (1) distally on the merus of the 2nd ambulatory leg.

136. Anteroventral margin serration absent (0) or present (1) proximally on the merus of the 2nd ambulatory leg.

137. Posteroventral margin serration absent (0) or present (1) on the merus of the 2nd ambulatory leg.

138. Dorsal margin serration absent (0) or present (1) on the merus of the 2nd ambulatory leg.

139. Anteroventral margin serration absent (0) or present (1) distally on the merus of the 3rd ambulatory leg.

140. Anteroventral margin serration absent (0) or present (1) proximally on the merus of the 3rd ambulatory leg.

141. Posteroventral margin serration absent (0) or present (1) on the merus of the 3rd ambulatory leg.

142. Dorsal margin serration absent (0) or present (1) on the merus of the 3rd ambulatory leg.

143. Anteroventral margin serration absent (0) or present (1) distally on the merus of the 4th ambulatory leg.

144. Anteroventral margin serration absent (0) or present (1) proximally on the merus of the 4th ambulatory leg.

145. Posteroventral margin serration absent (0) or present (1) on the merus of the 4th ambulatory leg.

146. Dorsal margin serration absent (0) or present (1) on the merus of the 4th ambulatory leg.

147. Setae absent (0) or present (1) on ventral margin of the merus of the ambulatory legs.

148. Setae absent (0) or present (1) on dorsal margin of the merus of the ambulatory legs.

149. Setae on ventral margin of 1st ambulatory-leg merus are sparse (0) or numerous (1).

150. Setae on ventral margin of 1st ambulatory-leg merus are short (0) or long (1).

151. Setae on dorsal margin of 1st ambulatory-leg merus are sparse (0) or numerous (1).

152. Setae on dorsal margin of 1st ambulatory-leg merus are short (0) or long (1).

153. Setae on ventral margin of 2nd ambulatory-leg merus are sparse (0) or numerous (1).

154. Setae on ventral margin of 2nd ambulatory-leg merus are short (0) or long (1).

155. Setae on dorsal margin of 2nd ambulatory-leg merus are sparse (0) or numerous (1).

156. Setae on dorsal margin of 2nd ambulatory-leg merus are short (0) or long (1).

157. Setae on ventral margin of 3rd ambulatory-leg merus are sparse (0) or numerous (1).

158. Setae on ventral margin of 3rd ambulatory-leg merus are short (0) or long (1).

159. Setae on dorsal margin of 3rd ambulatory-leg merus are sparse (0) or numerous (1).

160. Setae on dorsal margin of 3rd ambulatory-leg merus are short (0) or long (1).

161. Setae on ventral margin of 4th ambulatory-leg merus are sparse (0) or numerous (1).

162. Setae on ventral margin of 4th ambulatory-leg merus are short (0) or long (1).

163. Setae on dorsal margin of 4th ambulatory-leg merus are sparse (0) or numerous (1).

164. Setae on dorsal margin of 4th ambulatory-leg merus are short (0) or long (1).

165. Ambulatory legs without (0) or with (1) long setae on the carpus and merus.

166. Orbital region with a large tubercle absent (0) or present (1) at the base of the eyestalk.

167. Style absent (0) or present (1) on eyestalk on major side in adults.

168. Style absent (0) or present (1) on eyestalk on major side in juveniles.

169. Eyebrow inclination is vertical (0) or inclined (1) (Rathbun, 1900a; von Hagen, 1980).

170. Lower margin of the eyebrow is absent (0) or present (1).

171. Width of the eyebrow is narrower (0) or equal/wider (1) than the eyestalk (Crane, 1975).

172. Corneais equal to (0) or greater than (1) the width of the eyestalk (Crane, 1975).

173. Eyestak is thin (0) or thick (1) (Rathbun, 1900a; Dai and Yang, 1991).

174. Base of front width is less than (0) or greater than (1) the diameter of the eyestalk (Crane, 1975).

175. Eye shape is round (0) or elongate (1).

176. Eye length is longer than half of the eyestalk (0) or shorter than half of the eyestalk (1).

177. Suborbital crenulations are evenly sized (0) or largest at outer margin (1).

178. Suborbital crenulations are small (0) or large (1) (Crane, 1975).

179. Suborbital crenulations are fused/missing from the entire margin (0) or run the full length of the margin (1)
(Collins et al., 1984).

180. Floor of orbit without (0) or with (1) arow of setae running behind the crenulations.

181. Floor of orbit without (0) or with (1) aline of accessory granules behind crenulations (George and Jones,
1982; von Hagen and Jones, 1989).

182. Floor of orbit without (0) or with (1) aridge.

183. Floor of orbit without (0) or with (1) tuberculation.

184. Floor of orbits without (0) or with (1) numerous setae.

185. Frontal margin is thin (0) or thick (1).
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186. Frontal groove does not (0) or does (1) extend onto frontal V (George and Jones, 1982).

187. Frontal V is deep and narrow (0) or wide and shallow (1) (George and Jones, 1982).

188. Suborbital margin is rolled out (0) or erect (1) (Crane, 1975).

189. Orbital region without (0) or with (1) a tuft of setae below the anterolateral angle.

190. Outer corner or suborbital margin is not (0) or is (1) an upward crest.

191. Outer corner of suborbital margin without (0) or with (1) a square notch.

192. General shape of carapace from dorsal view is square (0) or trapezoidal (1).

193. Carapace without (0) or with (1) pile.

194. Vertical lateral margin of carapace extends subdorsally (0) or to dorsal surface (1).

195. Front width is narrow (0) or broad (1).

196. Carapace convexity is gently rounded (0), flat (1), or strongly convex (2).

197. Slope of orbits is straight/slightly oblique (0) or strongly oblique (1).

198. Anterolateral margins of carapace are absent (0) or present (1).

199. Anterolateral margins of carapace are convergent (0), parallel (1), or divergent (2).

200. Anterolateral margins of carapace are short (0) or long (1).

201. Anterolateral angles of carapace shape is acute (0) or square (1) (Bairagi and Misra, 1988).

202. Anterolateral angles point toward the front (0), at an angle (1), or to the side (2).

203. Anterolateral/dorsolateral junction of carapace is curved (0) or sharply angled (1).

204. Dorsolateral margins of carapace are absent (0) or present (1) (George and Jones, 1982).

205. Dorsolateral margins of carapace are short (0) or long (1).

206. Dorsolateral margins of carapace are curved (0) or straight (1) (Thurman, 1979).

207. Dorsolateral margins converge slightly (0) or strongly (1) (Thurman, 1979).

208. Dorsolateral margin spines are absent (0) or present (1) (Crane, 1975).

209. Dorsolateral margins of carapace consist of a microscopically beaded line of tubercles (0) or large, widely
spaced tubercles (1) (von Hagen and Jones, 1989).

210. Posterolateral striae are absent (0), 1 pair (1), or 2 pair (2) (George and Jones, 1982; von Hagen, 1984).

211. Posterolateral striae are without (0) or with (1) hairs (von Hagen, 1980).

212. Posterolateral striae are without (0) or with (1) tubercles (George and Jones, 1982).

213. Anterior margin of front of carapace is faint (0) or distinct (1) (Crane, 1975).

214. Caparace is smooth (0) or rough (1) (Thurman, 1979).

215. Carapace without (0) or with (1) arow of setae running directly beneath the anterolateral and vertical-lateral
margins.

216. Large tubercle absent (0) or present (1) at anterolateral—dorsal-lateral junction.

217. Large tubercle absent (0) or present (1) at posterior end of dorsal-lateral margins.

218. 3rd and 4th segments of the abdomen are distinct (0) or fused (1).

219. 4th and 5th segments of the abdomen are distinct (0) or fused (1).

220. 5th and 6th segments of the abdomen are distinct (0) or fused (1).

221. Specialized pleonal clasping apparatus is absent (0) or present (1) (Guinot, 1979).

222. Gonopod has no/slight (0) or strong (1) torsion.

223. Gonopod thumb is absent (0) or present (1).

224. Gonopod thumb is a flat shelf (0), ends below the flange base (1), or ends above the flange base (2).

225. Gonopod flanges are absent (0) or present (1).

226. Anterior flange of gonopod is small (0) or large (1).

227. Posterior flange of gonopod is small (0) or large (1).

228. Anterior flange of gonopod ends at pore (0) or above pore (1).

229. Posterior flange of gonopod ends at pore (0) or above pore (1).

230. Gonopod flange without (0) or with (1) chitinous spine.

231. Gonopod tip is not (0) or is (1) calcified.

232. Gonopod tip is a blunt (0) or a projecting tube (1).

233. Inner process of gonopod is a sharp spine (0), fleshy and tumid (1), or aflat triangular shelf (2).

234. Gonopod without (0) or with (1) large flat projection below the base of the tube.

235. Gonopod without (0) or with (1) a tubercle at the base of the anterior flange.

236. Gonopod without (0) or with (1) tubercle on inner edge of the pore.
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APPENDIX |11, DATA MATRIX.
Data matrix used in the analysis of fiddler crabs. ? = missing data; N = unscorable/inapplicable conditions; P = polymorphism.
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0000000000 0000000000 0000000000 0000000000 0000000000 0000000000 0000000000 0000000000 0000000000 0000000001 1111111111 1111111111

0000000001 1111111112 2222222223 3333333334 4444444445 5555555556 6666666667 7777777778 8888888889 9999999990 0000000001 1111111112

1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890
Uca annulipes 0100011100 0000120010 0N10001100 0000001110 0001100010 0011100001 O0N00101000 1000011111 11110NNOON 0000000000 N001101100 0100000000
Uca arcuata 0110011100 0000100000 1110011100 0000001110 0111101111 1011000000 1100101000 1011001011 1101101110 0000100000 N011111110 0000000000
Uca argillicola 1110011100 0000110010 1010001100 0000001110 0111101011 O0O0ONNNNOO1 ON00001000 0001001111 11000NNO11 0010001010 N011111111 0100100000
Uca batuenta 0100011100 0000110011 1110001000 0000010110 00110NNO10 0011101000 0N01100000 1001000011 01110NNOON 0000000000 N011101100 0100011011
Uca beebel 0110011100 0000111111 1110001100 0000001111 00010NNO10 0011001000 O0N0O1100000 0000001011 01110NNOON 0000001000 N001101100 0111100000
Uca bellator 1100011100 0000111110 1110011100 1010001111 0001101011 1011000001 0N0O1100000 1001001011 111110010N 0000101100 N011101100 0000000100
Uca bengali 0110011100 0011110011 1010001100 0010001111 0111100010 0011000000 O0N01001010 0011011111 10010NNOON 0000001000 N001111111 0100000000
Uca boredlis 00N0011000 0000110011 O0N11011110 0000101110 11110NN111 1011100001 0N01101001 1000011011 110111100N 0100000100 N001101000 1000000000
Uca brevifrons 1110011100 0000100011 1110000100 0000001110 01110NNO11 0011000011 O0N01101000 0001011111 11110NNOON 0010000000 N000000001 0100000100
Uca burgers 0110011100 0000100011 1010001100 0100010111 0111100011 0011011111 0N01101000 0000011111 11110NNO10 0010000000 N000000001 0100011111
Uca capricornis 1110011100 0000100010 1110011100 0000001110 0111101111 1011000000 1100100000 1000001011 1101110111 0000000100 N011111110 0000000000
Uca chlorophthalmus 0110011000 0000110010 1010001010 0000001110 1011101010 0010000011 1000010110 0111011111 11010NNO10 0000000000 N011101111 0100000000
Uca coarctata 0110011100 0000100010 1010011110 0010001001 0111101111 1011000000 1100100000 1011000011 110110110N 0000000000 N011111110 0000000000
Uca coloradenss 0110011100 0000110011 1010001100 0000001110 00110NNO10 0011001001 0N00100000 0001011111 10110NNOON 0010000110 N000000001 0100000000
Uca crasspes 0110011000 0000110010 1010001010 0000001110 1011101010 0010000011 1000101010 0001011111 11010NNO10 0000000000 N011111111 0100000000
Uca crenulata 0100011100 0000110011 1010001100 0000001110 00110NNO10 0011001001 0N00100000 0001011111 11110NNOON 0010000110 N001101101 0100000000
Uca cumulanta 1110011100 0000110010 1010001100 0000000110 00110NNO10 0011001001 O0N01101000 0000010111 10110NNOON 0000000000 N011101101 0100000000
Uca dampieri 0100011000 0000120011 0N11011010 0000101110 11110NN111 1011000001 0N0O1000000 1000011011 1101110010 0100000110 N000001100 0000000000
Uca deichmanni 0100011100 0000120011 0N10001100 0000000110 00010NNO11 1011001001 ON00000000 1000011111 01110NNOON 0000000110 N000000000 0100000000
Uca demani 0110011100 0000120010 1110011100 0000001111 0111101111 1010000001 1100000000 1010001011 1100101111 0000100110 N011111110 0000000000
Uca dorothese: 0100011100 0000120011 1010001100 0000001111 00010NNO10 0011001001 O0N0O1100000 1000001011 11110NNOON 0000000000 N000000000 0111100000
Uca dussumieri 1110011100 0000110011 1010011100 0000001111 0111110111 1011000001 1101100000 1000001111 1101111111 0000000100 N011101100 0000000000
Uca ecuadorienss 1110011100 0000100011 1010001100 0100001110 0011100010 0010100111 O0N01101000 0000011110 01010NNO10 0010000000 N011101101 0100011111
Uca degans 1100011100 0000120010 1010011100 1000001011 0111110011 1011000001 0N00100000 0000001011 1112101111 0000100100 N000001100 0000000000
Uca festae 0110011100 0000110011 1010001100 0100001111 00010NNO10 0011001001 ON00000000 1001001010 00120NNOON 0010000100 N001101100 0100000000
Uca flammula 0110011100 0000110010 1010011110 0000001110 0111101111 1011000001 1100100000 1001000011 110210110N 0000000000 N011111110 0000000000
Uca forcipata 1110011100 0000110011 1110011100 0000001111 0111101111 1011000001 1101001000 0010001011 110110110N 0000100000 N011111110 0000000100
Uca formoseng's 0101011000 0000110011 1010011100 0000001110 1111100111 1010000001 0N00100000 1001011011 111110000N 0000000110 N011111110 0000000000
Uca galapagensis 1110011100 0000100011 1010001100 0100011110 0111100011 0011001101 0N01101000 0000011111 11110NNO10 0010000000 N011111111 0100001111
Uca herradurensis 1110011100 0000110011 1010001100 0100011110 0111100011 0011001101 0N01101000 0000011111 11110NNO10 0010000000 N011111111 0100011111
Uca heperiae 0100011000 0000120011 0N11001110 0000101110 11110NN111 1011100001 O0N01101001 1001011011 111111100N 0100000000 N001101100 1000000000
Uca heteropleura 0100011010 0000110011 1010011101 0100001111 01010NN111l 1011100000 0N00001000 0010110111 111110100N 0000001010 N011101100 0000000000
Uca hirautimenus 1110011100 0000101110 1110011100 1110001111 0111111011 0011000001 O0N00100000 1000001011 111111110N 0000100000 N011111100 0000000000
Uca inaequalis 1110111100 0000110011 1010001100 0000001111 00010NN111 0011000000 0N00100000 1000001011 10100NNOON 1000000000 N001101110 0100100011
Ucainsgnis 00N0011010 1000100011 0N10011110 0000100110 01010NN111 1011100000 ON10000000 1000011111 101211100N 0100011001 1011101100 0000011111
Ucaintermedia 0100011010 0000110011 1110011101 0100001111 01000NN111 1011000000 O0N10001000 0010101010 111011100N 0000001010 N011101100 0000000000
Ucainversa 0110011000 0000120010 0N10001100 1000001110 10110NNO10 O0OONNNNO11l 1000100000 1010011111 01110NNO10 0000000100 N000000001 0100000000
Uca lactea 0100011100 0000120010 1010001100 0000001110 0001100010 0011000001 0N00100000 1000001111 11110NNOON 0000000010 N000001100 0100000000
Uca latimenus 0100011100 0000120000 0N10001100 0000001111 0111100111 1O0ONNNNOOO ONO0000000 0000011111 11100NNOON 0000001110 N000000001 0100000000
Uca leptodactyla 0100011100 0000120010 O0N10001100 0010000111 00010NNO10 0011001000 O0N0O0000000 1001010111 10120NNOON 0000000000 N000000001 0100000000
Uca limicola 1100011100 0000110010 1010001100 0110000111 00010NNO10 0011001001 O0N00100000 1000011111 10110NNOON 0000000000 N000000001 0100000000
Uca longidigitum 1100011100 0000110010 1010011100 1010001011 00000NNO10 0010010001 0N0O1100000 1000001011 11120NN1ON 0000100000 N011101100 0000000000
Uca mgjor 0100011010 0000100011 0N10011101 0000001110 01010NN111l 1011101001 ON10100000 1000110111 111111100N 0000001110 N001101100 0000000000
Uca maracoani 00N0011010 1000100011 ON10011110 0000101110 01010NN111l 1011100000 O0N10000000 1000011111 101211100N 0100011001 1011101100 0000011111
Uca merguerita. 0110111100 0000110011 1010001100 0110011111 0111100011 0011011101 O0N01101000 0000011111 11010NNO10 0010000000 N011111111 0100011111
Uca minax 0110011100 0000110011 1010001100 0000011010 01110NNO11 0011010100 O0N01101000 0000011111 11110NNOON 0010000000 N000000001 0000001010
Uca mjoebergi 0100011100 0000120010 1010001100 0000001110 0001100010 0011100001 O0N00100000 1000001111 11110NNOON 0000000010 N001101100 0100000000
Uca mordax 1110011100 0000110011 1010001100 0100011110 0111100011 0011010111 O0N01101000 0000011111 11010NNO10 0010000000 N000000001 0100011111
Ucaneocultrimena 0100011000 0000110011 ON11011110 0000101110 11110NN111 1011100001 O0N01101001 0001010011 110111100N 0100000110 N000000000 1000000000
Uca oerstedi 0100011100 0010110011 1110001100 0010001111 01110NN111l 1011101001 0N00100000 1000001011 11110NNOON 0000000000 N001101110 0100000100
Uca ornata 0100011010 1100100011 0N10011110 0000101111 00010NN111 0011100000 ON00000000 0000011111 101211100N 0100011001 1011101100 0000001110
Uca panacea 0110011100 0000110010 1010001100 0000001110 0011100011 1O0ONNNNOO1 O0N01101000 0000011111 1111100010 0010000100 N000000001 0101100000
Uca panamends 1100011100 0000000011 0N10001100 0000000010 0000ONNOON NOONNNN10O ON00100000 0000000000 00010NNOON 0000000000 N000000000 0100000000
Uca paradussumieri 1010011100 0000100011 1010011100 0010101111 0111111111 1011100001 1101100000 1001001110 0102111111 0000000000 N001101100 0000000100
Uca parple@ 0100011100 0000110010 1010001100 0000001110 0001100010 0011100001 O0N00101010 1001011111 11010NNOON 0100000000 N001101100 0100000000
Uca palita 1110011100 0000101110 1010011100 1010001111 00010NNO10 0010010001 0N00100000 1000001011 11110NN1ON 0000000000 N011101100 0000000000
Uca prinoeps 0100011010 0000110011 1010011100 1000001111 01000NN111l 1011100000 ON10100000 1000110111 111110100N 0000001010 N001101100 0000000000
Uca pugilator 0110011100 0000110010 1010001100 0000001110 0011100011 1O0ONNNNOO1 O0N01101000 0000011111 1111100010 0010000100 N000000000 0111100000
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0101120100
0111100121
0100000100
0111100121
0100010100
0101100121
0101110111
0100000100
0101120100
0100000101
0101000100
0101100121

0001110001
0101101000
0101111002
1101101001
1211100001
0101101001
0101101000
0001010000
1011100001
1001111002
0101101000
0001101001
0101101000
0011111001
0001101001
0011101001
1011111001
0001010000
1201111002
0101101000
1211010001
0101101000
1001111001
0101101000
1111101001
0101101000
0101101000
0001101000
1001111002
1001111002
0001010000
1101100000
0101101001
1111111001
0101100000
1111100000
0001001000
0101110001
1001110001
1101100001
1211110001
0101001000
0101100000
0101100010
1001111002
1001111001
0101110001
1001101001
0001010000
1011101001
0101100010
1001111001
0001101001
0101011000
0101110001
0011101001
0001101000
1001101001

0010000000
NN10000000
0010000000
0010000000
0010000111
0110000000
NN10000000
NN10000000
0010000000
0010000000
NN10000000
0110000000
NN10000000
0010100000
0110000000
0010100000
0010100000
NN10000000
0010000111
NN10000000
0010000111
NN10000000
0010000000
NN10000000
0110100000
NN10000000
NN10000000
NN10100000
0010000000
1010000000
NN10000000
NN10000000
0010000000
0110000000
NN11011000
NN10000000
NN10000000
0010100000
0010000111
0010000111
0010100111
NN10000000
NN10100000
NN11001000
0010000000
1010000000
0010000000
0010000000
NN10000000
0110100000
NN11001000
0110100000
0010100000
NN10000000
0010000000
0010000000
NN10000000
0110100000

1011111110
0011101000
1011111110
1010100110
10100NNNNO
00120NNNNO
1012100110
0012111000
1012110000
1011111100
0012110000
10110NNNNO
00120NNNNO
1011111110
10110NNNNO
1012111110
10110NNNNO
0111100000
1011111110
0011111100
10100NNNNO
0012110000
1012111000

10110NNNNO
00120NNNNO
0012100000
0011101000
1012111010
1012111100
0111101000
000N100000
00110NNNNO
10100NNNNO
000N11NINO
010N100000
100N111000
1012111110
1011111000
1011111110
10110NNNNO
00100NNNNO
010N100010
00ONL1NINO
1011111000
1011111010
1010111110
1011111000
0012111000
10100NNNNO
000N100000

1011111000
0012110001
1112111110
00100NNNNO
0011110000
1011111110

002000
000000
112000
112000
112000
110000
112000
001000
001000
001000
001000
112000
110000
112000
112000
112000
112001
001000
002000
001000
112000
001000
001010
110000
112000
110000
010000
001000
001000
001000
001000
01N100
110000
112001
001000
01N000
112000
002000
002000
002000
112000
110000
01N000
001000
001000
002000
002000
002000
001000
112000
010000
012000
001000
001000
002000
110000
000100
012000
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0000000000 0000000000 0000000000 0000000000 0000000000 0000000000 0000000000 0000000000 0000000000 0000000001 1111111111 1111111111

0000000001 1111111112 2222222223 3333333334 4444444445 5555555556 6666666667 7777777778 8888888889 9999999990 0000000001 1111111112

1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890
Uca pugnax 1110111100 0000110011 1010001100 0100011110 0111100011 0010010101 0N0O1100000 0000011111 11110NNOON 0010000000 N000000001 0100011111
Uca rapax 1110011100 0000100011 1010001100 0110001110 0111100011 0011011101 O0N01101000 0000011111 11110NNO10 0010000000 N011111111 0100011111
Uca rhizophorae 1110011100 0000100010 1010011100 0010001111 0111101111 1011000001 1001101000 1000000011 100111110N 0000100000 N011111110 0000000000
Ucarosa 0110011100 0000100011 1010011100 0000001111 0111101111 1011000000 1000101000 0011001011 1101111111 0000100010 N011111110 0000000000
Uca sdltitanta 0100011100 0000010011 1110001100 0000001110 00010NNO11 1010000000 0N00100000 1001000011 10110NNOON 1000001000 N000000000 0100001011
Uca ssigmdla 0100011100 0000101110 1110011100 1010001111 0101101011 0011100001 O0N01100000 1001001011 11110NN1ON 0000001000 N011101100 0000000000
Uca signata 0100011100 0000110010 1010011100 1000001111 0101100011 1011010001 0N01100000 1001001011 111110010N 0000101100 N011111110 0000000000
Uca sindensis 0110011000 0000110010 1010001000 1000001110 10010NNO10 O0OONNNNO11 1000100000 0000011111 11110NNO10 0000000000 N011111110 0100000000
Uca speciosa 1110011100 0000110011 1010001100 0110001110 00110NNO10 0011101001 0N0O0100000 0001011111 11110NNOON 0000000000 N000001101 0100011111
Uca spinicarpa 1110011100 0000110011 1010001100 0101001110 00110NNO10 0011101001 O0N00100000 0001011111 11110NNOON 0000000000 N000001101 0100011111
Uca stenodactylus 0110011100 0000111111 1110001100 0000001111 0001100010 0011001000 0N0O1100000 0000001111 11120NNOON 0000000000 N000000000 0100000000
Uca shylifera 00N0011010 0000100011 0N10011001 0000101010 01010NN111 1011101000 ON10100000 1000110011 111210100N 0000001001 0011101100 0000000000
Uca subcylindrica 0110011100 0000100011 1110001100 0000101111 1111100111 1O00NNNNOO1 O0N01101000 0001011111 1101101010 0010000000 N000000000 0000000000
Uca tallanica 0100111100 0000110011 1110001100 0110001111 0111101110 0010000001 O0N01100000 1000000011 1111111010 0000001000 N011111101 0100100100
Uca tangeri 00N1011110 1000100011 1010011101 0000001010 00000NNO11 1011100000 O0N0O0000000 0000011111 11110NNOON 0000000100 N000000001 0100000000
Uca tenuipedis 0100011100 0000110011 1110000000 0000001010 0001O0NNION NOONNNNOOO ON01100000 0000000011 11100NNOON 1000000000 N000000000 0100011011
Uca terpsichores 0110011100 0000120000 0N10000100 0000001110 00010NNO10 0111001000 O0N00100000 0001010110 10120NNOON 0000000000 N000000000 0101100000
Uca tetragonon 0100011000 0000110011 1011001110 0000001110 11010NNO11 1010000011 O0N01101000 0000011011 111110100N 0000000110 N000000000 0100000000
Uca thayeri 1110111100 0000110011 1010001100 0111001111 0111100110 0011000001 0N00101000 1001011111 11120NNO10 0010000000 N011111110 0100011111
Uca tomentosa 1100011100 0000110010 1010001100 0110011111 0111100111 0010001001 O0N00100000 1000001011 11000NNO10 1000001010 N01111111? 0100000000
Uca triangularis 0110111100 0011110011 1010001100 0010001111 0111100010 0011000000 0N01001010 0011011111 10010NNO10 0000001000 N000111111 0100000000
Uca typhoni 0110011100 2000122222 1120011100 0000001110 0111101111 1010000001 1101100000 1000002011 1100101111 0000100110 N011111110 0000000000
Uca umbratila 1110111100 0000100011 1010001100 0111001111 0111100110 0010000001 0N00101000 1001001011 11110NNO10 0010000000 N011111110 0100011111
Uca uruguayensis 0110011100 0000110011 1010001100 0110001111 00110NNO10 0010000001 O0N01000000 0001011111 11000NNOON 0011001000 N001101101 0100000000
Uca unvillei 0110011100 0000100010 1110011110 0000001110 01110NN111 1011000001 1100100000 1001000110 1002100110 0000000000 N011111110 0000000000
Uca virens 1110011100 0000100011 1010001100 0100011110 0011100011 0011010101 O0N01101000 0000011111 11110NNOON 0010000000 N000001101 0100011111
Uca vocans 0100011000 0000110011 O0N11011010 0000101110 11110NN111 1011000001 0N01101001 1001011011 111111100N 0100000110 N000001000 1000000000
Uca vocator 1110011100 0000100011 1010001100 0100001110 0011100010 0010100111 O0N01101000 0000011110 01010NNO10 0010000000 N011101101 0100011111
Uca vomeris 0100011000 0000120011 0N11001010 0000101110 11110NN111 1011000001 0N01100000 1001011011 111111100N 0100000110 N000001100 1000000000
Ucazacee 0110011100 0010110011 1010001100 0110001111 1111101011 O0OONNNN1O1 ONO1000000 0000000011 11100NNO10 0010000000 N000000001 0100001010
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1111111111

1111111111

1111111111 1111111111

1111111111

1111111111

1111111111

111111111

2222222223
1234567890

333333333
1234567890

44444444445 5555555556
1234567890 1234567890

1234567890

1234567890

1234567890

S

1234567890

0000000001
1234567890

1111111112
1234567890

2222222223
1234567890

222222
333333
123456

1111000000
1111110000
0000000000
0000000000
1111010000
0000010000
0000000000
0000000000
1111110000
1111000000
0000000000
0000000000
0000000000
1001010000
0000000000
0110000000
0000000000
0000000000
1111110000
0000000000
0000000000
0000000000
1111110000
0000000000
0000000000
1111110000
0000000000
1111110000
0000000000
0100100000

0011001100
0001000100
0011001101
1011111111
0001000100
0111011101
0011001100
0111011101
0001000100
0001000100
1111111111
0010001000
0001000100
1111111111
1011101110
0001000100
1111111111
0011001101
1011111111
2211111111
1011111101
1111111111
1011111111
0001000100
1111111101
0001000100
0011001101
0011001100
0011001101
0001000100

1101011101 1001100110
0100011101 1001100110
1101111101 1001100110
1101011100 0000000000
0100011101 0001000100
1101111100 0000000000
1101011101 0001000100
1101111101 0001000100
0101011101 1001100110
0101011101 1001100110
1111111101 0001000100
10001001NN OONNOONNOO
0101111101 1111111111
1111111101 0001000100
11101101NN OONNOONNOO
0100011101 0001000100
1111111101 0001000100
1101111101 1101110000
1101111100 1100110011
1101111122 2201000100
1101111101 0001000100
1101111101 1101110111
1101111101 1001100110
0100011110 0110011001
1101011101 1101110010
0100011111 1011101110
1101111100 1100110011
11001101NN 10NNIONN1O
1101111101 1101110011
0100011101 0001000100

0100100011
0100100011
0000000001
0000000001
0100000011
0000000000
0000000001
0000000011
0000100011
0000100011
0100000011
NN00011100
0100100011
0000100011
NN00010000
0000000011
0100000011
0000000001
0011000011
0000000011
0100000011
0100000001
0110000011
0001100011
0000000001
0110100011
0000000001
NN10100011
0010000001
0000100011

0011011111
1011010111
0100011000
0100011000
0011011000
0101010000
0101010000
0101010010
0011011111
0011011111
1011011110
0100010110
0011010111
0011011110
1101010110
0011011100
1011011111
0101010110
1111011111
0011011110
0011011110
0100010001
1111011111
0011011111
0100010000
1011011111
0101010110
0011010011
0101010110
1011011111

0000111010
0000111010
0000100011
0000110011
0000111000
0100111010
1100111010
0000111110
0000111110
0000111110
0000101010
0000110110
0000111010
0000111100
0010111100
0000111000
0000111000
0000110110
0000111110
0000111000
1110101110
1010110011
0000111110
0000111000
1010110011
0000111010
0000110110
0000101110
0000110110
0000101010

0101100121
0101100121
0100000100
01000010NN
0101100121
0100000101
0100000101
0100100100
0111100111
0111100111
0101100111
0100000100
0101120121
0111100100
0101100120
0101100111
0101100100
0101000100
0111100111
0111100111
0100101100
0100000100
0111100111
0101100110
0101000101
0101100121
0100000100
0111100121
0101000100
0111101100

1001111002
1001111002
0111101000
02N1111000
1011100001
1001001011
0101101001
0001101000
0011111001
0011111001
0111100001
1101100000
1001100002
1101111001
1001100000
1101111001
0101101002
0001101000
1101101002
1111101001
0101101000
0101101000
1101101002
1011111001
0101101000
1001111002
0001010000
1001111001
0001010000
1001111002

0010000000
0010000000
NN10000000
NN10000000
0110000pPP
0010000000
0010000000
NN10000000
0111100000
0111100000
0010000111
NN10000000
0010000000
0110000000
NN11000000
0110000000
0100000111
NN10000000
0110100000
0110000000
NN10000000
NN10000000
0010100000
0010000011
NN10000000
0010100000
NN10000000
1010100000
NN10000000
0010000000

1011111110
1011111110
0012110000
0012111000
1010111110
00100NNNNO
00100NNNNO
1011111000
1011111110
1011111110
10100NNNNO
010N100000
1010101010
10100NNNNO
0011111110
1010111110
101111NINO
0011111000
1011111000
10110NNNNO
1012100110
0011110100
1011111000
1011111000
00120NNNNO
1011111110
0112111000
1012111000
0112111000
1011111110

002000
001000
001000
001000
112000
110000
110000
112000
112000
112000
112000
01N000
001000
112000
001000
002000
102000
001000
012000
112000
112000
001000
012000
002000
110000
002000
001000
001010
001000
002000




