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Members of the brachyuran crab superfamily Xanthoidea sensu Ng, Guinot & Davie (2008) are a morphologically 
and ecologically diverse assemblage encompassing more than  780 nominal species. On the basis of morphology, 
Xanthoidea is presently regarded to represent three families: Xanthidae, Pseudorhombilidae, and Panopeidae. 
However, few studies have examined this superfamily using modern phylogenetic methods, despite the ecological 
and economic importance of this large, poorly understood group. In this study we examine phylogenetic relation
ships w ithin the superfamily Xanthoidea using three mitochondrial m arkers, 12S rRNA, 16S rRNA, and 
cytochrome oxidase I  (COI), and three nuclear m arkers, 18S rRNA, enolase (ENO) and histone H3 (H3). Bayesian 
and maximum-likelihood analyses indicate th a t the superfamily Xanthoidea is monophyletic; however, the families 
Xanthidae, Panopeidae, and Pseudorhombilidae, as defined by Ng et al., are not, and their representative 
memberships m ust be redefined. To this end, some relevant morphological characters are discussed.
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INTRODUCTION
Commonly known as mud, pebble, rubble, or black
fingered crabs (Davie, 2002: 505), m em bers of the 
superfam ily X anthoidea MacLeay, 1838 (sensu  Ng 
et al., 2008) are fam iliar forms in  m any m arine 
settings, bu t m any xanthoid tax a  rem ain  poorly 
described and lack detailed illustrations. As a result, 
xanthoids encountered in  environm ental studies are 
often m isidentified or referred to sim ply as ‘uniden
tified xan th ids’ (O verstreet & H eard, 1978; Boschi, 
1979; Poupin, 2003; Hew itt, 2004). This appears to be
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due to, a t least in  part, a high degree of morphological 
convergence among represen tatives of the group 
and inadequate diagnoses of xanthoid taxa  from 
species to family level (e.g. Guinot, 1967, 1969a-c, 
1978; Schubart, Neigel & Felder, 2000; Felder & 
M artin, 2003; Ng et al., 2008; Thoma, Schubart & 
Felder, 2009; Felder & Thoma, 2010; Lai et ál., 2011; 
Thoma & Felder, 2012; Lasley, Lai & Thoma, 2013).

R epresentatives of the superfam ily X anthoidea are 
found worldwide in  shallow tem perate  and tropical 
w aters of in tertida l to continental slope hab ita ts. 
While the fam ily X anthidae MacLeay, 1838 is 
circum tropical, the  families Panopeidae O rtm ann, 
1893, and Pseudorhom bilidae Alcock, 1900 are known 
alm ost exclusively from w aters of the  Americas.
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Although several species of Panopeidae have 
been introduced in  both the eastern  A tlantic [e.g. 
Dyspanopeus sayi (Smith, 1869), Rhithropanopeus 
harrisii (Gould, 1841)] and the w estern  Pacific 
[e.g. Acantholobulus pacificus (Edmondson, 1931) 
and Panopeus lacustris Desbonne, in  Desbonne & 
Schram m , 1867)], only Panopeus africanus A. 
M ilne-Edwards, 1867 and Euiypanopeus blanchardi 
(A. M ilne-Edwards, 1880) (see M ilne-Edwards, 1873- 
1880) are  known to occur na tu ra lly  outside of the 
Americas (e.g. Edmondson, 1931, 1962; Naylor, 1960; 
M anning & H olthuis, 1981; Froglia & Speranza, 1993; 
Galil, Froglia & Noël, 2002; Felder & M artin, 2003; 
C arlton & Eldredge, 2009; Petrescu e ta l., 2010; 
Ahyong & Wilkens, 2011; Brockerhoff & McLay, 2011; 
Castro, 2011).

As p a rt of ongoing investigations of brachyuran  
evolution, we have undertaken  a re-exam ination of 
the  phylogenetic relationships am ong those species 
from coasts of the Americas th a t are  currently  
assigned to the  superfam ily Xanthoidea. While the  
p resen t study  focuses on the  families Panopeidae and 
Pseudorhom bilidae, it builds upon previous efforts 
(Thoma et al., 2009) to clarify species composition 
of the xanthoid families and determ ine relation
ships betw een the  th ree  families (i.e. Panopeidae, 
Pseudorhom bilidae, and Xanthidae).

The p resen t w ork serves as a companion to recent 
w ork by Lai et al. (2011), focused on the family 
X anthidae, by trea tin g  the  families Panopeidae and 
Pseudorhom bilidae. In  addition, the p resen t analysis 
utilizes fragm ents of th ree  m itochondrial genes [i.e. 
12S  rRNA; 16S  rRNA; cytochrome oxidase I  (COI)] 
and th ree  nuclear genes [i.e. enolase (ENO); histone 
H3  (H3); 18S  rRNA] to provide a fram ew ork for 
fu tu re  revisionary works.

MATERIALS AND METHODS
Taxon selection  

Sequences from 234 individuals represen ting  114 
nom inal species were in itially  analysed to ensure 
accuracy and quality  of the data . Duplicate taxa  and 
any inconsistent sequences were removed from sub
sequent analyses, which resulted  in  a final d a tase t 
of 113 individuals represen ting  111 nom inal species, 
57 nom inal genera, and th ree  families (excluding 
outgroup taxa; Table 1). A lthough the composition 
of X anthoidea has often been debated, several 
recent phylogenetic analyses support a monophyletic 
X anthoidea sensu Ng et al. (2008) (Thoma et al., 2009; 
Lai e ta l., 2011, 2014; Lasley e ta l., 2013). These 
reports, and other unpublished analyses, support 
the  presen t selection of outgroup taxa  including 
E riphia gonagra  (Fabricius, 1781), Lobopilum nus 
agassizii Stimpson, 1871 (Stimpson, 1871b), M enippe

mercenaria  (Say, 1817-1818), and Acidops fim briatus  
Stimpson, 1871 (Stimpson, 1871a), as these taxa  have 
been shown to be related  to bu t outside of X anthoidea 
sensu Ng et al. (2008).

Specimens used in  th is study  were collected 
prim arily  during  recent research  cruises and field 
expeditions. Specimens w ere e ither directly preserved 
in  80% ethyl alcohol (EtOH) or frozen in  seaw ater or 
glycerol a t -8 0  ° C before transfe r to 80% EtO H  and 
subsequent archival in  the  U niversity  of Louisiana at 
L afayette Zoological Collections, Lafayette, LA, USA 
(ULLZ). Additional sim ilarly preserved m ateria ls 
were obtained on loan from the Florida M useum  of 
N atu ra l History, U niversity  of Florida, Gainesville, 
FL, USA (FLMNH). W hen possible, identification of 
specimens was confirmed by two or more investiga
tors to lim it the risk  of m isidentifications. Additional 
abbreviations used throughout include: G l, first 
m ale pleopod or first gonopod; P5, fifth pereopod. The 
somites of the  thoracic sternum  and stern ites are 
num bered from 1 to 8, so th a t the last two sternites 
are term ed stern ites 7 and 8.

Collection  of genetic  data

Genomic DNA w as extracted  from muscle tissue of 
pereopods for represen tatives of the superfam ily 
X anthoidea, using a Qiagen DNeasy Blood and Tissue 
K it (Qiagen) following the  m anufacturer’s protocol. 
Using polym erase chain reaction (PCR), fragm ents of 
the  following th ree m itochondrial and th ree  nuclear 
m arkers were amplified; approxim ately 550 bp of 16S 
rRNA using the prim ers 1472 or 16Sbr in  combination 
w ith  16 L2 and 16Sar; approxim ately 345 bp of 12S 
rRNA using 12sf and 12slr; approxim ately 600- 
650 bp of COI using LCO-1490 and HCO-2198 or 
Pano-F and Pano-R; approxim ately 325 bp of H3 
using Hex-AF and Hex-AR; approxim ately 600 bp of 
18S rRNA using 18S-0 and 18S-B; and approxim ately 
395 bp of ENO using EnolA and EnolS (see Table 2 for 
complete prim er inform ation). Each PCR was per
formed in  25-uL volumes containing: 0.4 UM of each 
primer, 200 UM of each dNTP, 2.5 uL lOx PCR buffer, 
2 mM MgCl2, 1 un it F erm entas D ream Taq G reen 
DNA Polym erase (Thermo F isher Scientific), and
30-50 ng of genomic DNA. Reactions were carried out 
using the following cycling param eters: in itia l déna
tu ra tio n  a t 94 °C for 2 min; 35 cycles a t 94 °C for 25 s, 
48 °C (16S), 60 °C (12S), 58 °C (18S), 52 °C (COI), 
50 °C (ENO), or 66 °C (H3) for 1 min, and 72 °C 
for 1 min; and a final extension a t 72 °C for 10 min. 
PCR products w ere purified using an  EPOCH 
GenCatch PCR Clean-up Kit (EPOCH BioLabs) and 
sequenced in  both directions using an  ABI BigDye 
Term inator v3.1 Cycle Sequencing K it (Life Technol
ogies). Cycle sequencing products were purified using
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Table 2. Primers used in this study

Gene Primer Sequence 5'—>3' Ref.

16S 16Sar CGCCTGTTTATCAAAAACAT (1)
16S 16Sbr CCGGTCTGAACTCAGATCACGT (1)
16S 16 L2 TGCCTGTTTATCAAAAACAT (2)
16S 1472 AGATAGAAACCAACCTGG (3)
12S 12sf GAAACCAGGATTAGATACCC (4)
12S 12slr AGCGACGGGCGATATGTAC (4)
COI LCO-1490 GGTCAACAAATCATAAAGATATTG (5)
COI HCO-2198 TAAACTTCAGGGTGACCAAAAAATCA (5)
COI Pano-F GGTGCATGAGCYGGHATAGTWGG (*)
COI Pano-R RTGTTGRTATARTACAGGRTCTCC (*)
Histone-3 Hex-AF ATGGC TC GTAC C AAGC AGACGGC (6)
Histone-3 Hex-AR ATATCCTTGGCATGATGGTGAC (6)
18S 18S-B TGATCCTTCCGCAGGTTCACCT (7)
18S 18S-0 AAGGGCACCACCAGGAGTGGAG (8)
Enolase EnolA CAGCAATCAATGTCATCAAYGGWGG (9)
Enolase EnolA2 AGTTGGCTATGCAGGARTTYATGAT (9)
Enolase EnolS ACTTGGTCAAATGGRTCYTCAAT (9)

References: 1, Palumbi & Benzie (1991); 2, Schubart, Cuesta & Felder (2002); 3, Crandall & Fitzpatrick (1996); 4, Buhay 
etal. (2007); 5, Folmer etal. (1994); 6, Svenson & Whiting (2004); 7, Medlin etal. (1988); 8, Apakupakul, Siddall & 
Burreson (1999); 9, Tsang etal. (2011); *, present study.

Sephadex G-50 columns (Sigma-Aldrich Chemicals). 
Sequencing products were ru n  on an  ABI PRISM 
3130xZ Genetic Analyzer (Life Technologies) a t the 
U niversity  of Louisiana a t Lafayette.

P h y lo g e n e t ic  a n a ly s e s  
Sequences were assem bled using Sequencher 4.9 
(GeneCodes). Once assembled, sequences were 
aligned in  MAFFT using the  Q-INS-i and E-INS-I 
algorithm s for rDNA and protein-coding DNA, respec
tively (Katoh et ál., 2005; K atoh & Toh, 2008). The 
model of evolution th a t best fit each of the datase ts  
w as determ ined by likelihood tests  as im plem ented in 
MrAIC (Nylander, 2004) under the  Akaike Inform a
tion Criterion (AIC). M aximum-likelihood (ML) analy
sis was perform ed in  RAxML 7.2.8 (S tam atakis, 2006) 
and Bayesian Inference (Bí) analyses of the  concat
enated  da tase t were conducted in  M rBayes 3.1.2 
(Huelsenbeck & Ronquist, 2001), w ith  com putations 
perform ed on the com puter cluster of the  Cyber- 
In frastruc tu re  for Phylogenetic R ESearch project 
(CIPRES) a t the  San Diego Supercom puter C enter 
(Miller, Pfeiffer & Schwartz, 2010). A M arkov Chain 
M onte Carlo (MCMC) algorithm  w ith  two runs of four 
chains each was ru n  for 20 000 000 generations, sam 
pling one tree  every 1000 generations. A 50% m ajority 
ru le consensus tree  was obtained from the  20 000 
trees (10 000 per run) taken  after the  standard  devia
tion betw een runs dropped below 0.01. Clade support

was assessed w ith  1000 ML bootstrap replications 
(BS) and posterior probabilities (pP).

RESULTS
The final sequence alignm ents, including gaps, were 
525 bp for the  16S datase t, 406 bp for 12S, 572 bp for 
COI, 316 bp for H3, 592 bp for 18S, and 377 bp for 
ENO. Likelihood tests, as im plem ented in  MrAIC, 
revealed the model of DNA substitu tion  as best fit for 
16S, 12S, and 18S was HKY+I+G (Hasegawa, Kishino 
& Yano, 1985), GTR+I+G (Rodriguez et ál., 1990) for 
COI and H3, and SYM+I+G (Zharkikh, 1994) for 
ENO.

Analyses of individual m arkers revealed largely 
congruent topologies. Phylogenetic relationships 
among 111 species of X anthoidea sensu  N gei ál. (2008) 
were inferred using both ML and B í approaches 
for the  concatenated six-m arker da tase t. Each analy
sis recovered a num ber of well-supported clades, 
including a monophyletic X anthoidea (BSlOO/pPlOO), 
a broadly defined clade encom passing pseudorhom- 
bilids and panopeids (BS93/pP100), and a panopeid 
clade (BS84/pP100) (Fig. 1).

W ithin the  panopeid clade, there  are a num ber of 
well- to m oderately well-supported subgroups includ
ing a clade comprising: (1) the genera Acantholobu
lus Felder & M artin, 2003 and Metopocarcinus 
Stimpson, 1860 (BS93/pP100); (2) Rhithropanopeus 
R athbun, 1898, Neopanope A. M ilne-Edwards, 1880
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-  Eriphia gonagra - ULLZ 5463
-  Lobopilumnus agassizii - ULLZ 7121

-  Menippe mercenaria - ULLZ 5464
-  Acidops fimbriatus - ULLZ 9047

Outgroup
-  Medaeops granulosus - ULLZ 6500 Medaeops

100/1001 Microcassiope xantusii - ULLZ 11880
"I Microcassiope taboguillensis - ULLZ 11881 Microcassiope

Neoliomera pubescens - UF 8779
---------------------- Williamstimpsonia stimpsoni- ULLZ 12005
--------------------Williamstimpsonia denticulatus - ULLZ 6451

Paractaea rufopunctata - ULLZ 8946 
-  Etisus guinotae - ULLZ 10936 
Actaea bifrons - ULLZ 7843 

Platyactaea setigera - ULLZ 11178 
- Platyactaea dovii - ULLZ 9043 
77/1 oo i-  Glyptoxanthus erosus - ULLZ 10634

100/1001 I----------- Glyptoxanthus labyrinthicus - ULLZ 11361
I_______ C  ‘— "----------- ’ 1 ■ ■■■■-'

Actaea acantha - ULLZ 9

Cyclodius obscurus - ULLZ 9034
-------------------- Platypodiella spectabilis - ULLZ 11077

Xanthodius americanus - ULLZ 7031
Xanthodius cooksoni- ULLZ 5849 

Cataleptodius occidentalis - ULLZ 4127 
-  Cataleptodius floridanus - ULLZ 4806 

-  Paraxanthus barbiger - ULLZ 11409
- Pseudomedaeus distinctus - ULLZ 10402
-  Heteractaea lunata - ULLZ 12316 

-  Allactaea lithostrota - ULLZ 4613
-  Carpoporus papulosus - ULLZ 7355

97/100'---------------Edwardsium lobipes - ULLZ 9321
Pseudomedaeus agassizii - ULLZ 9018 

Paraxanthias taylori - ULLZ 5875 
-----------------Chlorodiella longimana - ULLZ 12144

0
c/i
0
0

"O
'sz
-I—»
c
05

X

C/5
CD
05

“O

C
05

X

Lophopanopeus bellus - UF 3667

-  Melybia thalamita - ULLZ 7870 Linnaeoxanthidae
Garthiope spinipes - ULLZ 7840 

Garthiope barbadensis - ULLZ 11173
---------------Micropanope pusilla - ULLZ 6776
Scopolius nuttingii- ULLZ 6732 
Trapezioplax tridentata - ULLZ 8054 

100/1001 Oediplax granulata - ULLZ 12386 
99/1 oor  ' Pseudorhombila xanthiformis - ULLZ 12778 

Pseudorhombila quadridentata - ULLZ 9326 
Speocarcinus carolinensis - ULLZ 12372 

Speocarcinus lobatus - ULLZ 11957 
1 Speocarcinus meloi - ULLZ 12373

— Speocarcinus monotuberculatus - ULLZ 7562 
Speocarcinus granulimanus - ULLZ 12781

100/100]- Cyrtoplax panamensis - ULLZ 12771
—  Panoplax depressa - ULLZ 8056 

Tetraxanthus rathbunae - UF 3750 
Eucratodes agassizii - ULLZ 10965

------------- Lophoxanthus lamellipes - ULLZ 9313
Micropanope lobifrons - ULLZ 6678

Nanoplax xanthiformis - ULLZ 6914
 Thalassoplax angusta - ULLZ 10869
Robertsella mystica - ULLZ 6469 

Chacellus filiformis - ULLZ 12296 
Euphrosynoplax campechiensis - ULLZ 11873 
Euphrosynoplax sp. - ULLZ 3816

0
05

;o

!5
Eo

- Co
TD
3
0
0

CL

Chasmophora macrophthalma - ULLZ 11995

Milnepanopeus lobipes - ULLZ 7828 
70/99r Eurypanopeus turgidus - ULLZ 9038
  Eurypanopeus depressus - ULLZ 6077

---------------- Eurypanopeus dissimilis - ULLZ 5878
—  Neopanope packardii - ULLZ 3772 
Dyspanopeus sayi - ULLZ 7227 
Dyspanopeus texana - ULLZ 4039

Rhithropanopeus harrisii - ULLZ 3995 
' ' max- ULLZ 11473

ILLZ8142
Acantholobulus caribbeaus - ULLZ 7743 

Acantholobulus sp. - ULLZ 12801 
„  loo/i oo r~ Acantholobulus nov. sp. near schmitti - ULLZ 12112 

L_ Acantholobulus schmitti - ULLZ 6613

 Glyptoplax pugn¿
Glyptoplax smithii - ULl

CO
0

“O
o

_ c
-I— »

c
CO

X

Metopocarcinus concavatus - ULLZ 12800 
Acantholobulus pacificus - ULLZ 12959 

Acantholobulus bermudensis - ULLZ 6924 
Eurypanopeus planissimus - ULLZ 4140 

ioo/ioor Eurypanopeus ater - ULLZ 4019
L Eurypanopeus abbreviatus - ULLZ 3753 

53/89]— Panopeus africanus - ULLZ 4273
il 1-----------------   Eucratopsis crassimanus - ULLZ 6427
L Panopeus purpureus - ULLZ 4139
ooi Panopeus herbstii - ULLZ 8457 
if*- Panopeus simpsoni - ULLZ 4813 
I Panopeus obesus - ULLZ 3761 

io o i  Panopeus occidentalis - ULLZ 8643 
Tool— Panopeus harttii - ULLZ 11986 

Panopeus rugosus - ULLZ 8522 
Panopeus austrobesus - ULLZ 8525 
— Panopeus lacustris - ULLZ 3818

 Panopeus chilensis - ULLZ 4685
 nov. gen. nov. sp. near Acantholobulus schmitti - ULLZ 8646
Panopeus americanus - ULLZ 8456 
Eurypanopeus planus - ULLZ 12789

Hexapanopeus nov. sp. - ULLZ 12526
  Hexapanopeus angustifrons - ULLZ 8368

100/100L Hexapanopeus angustifrons - ULLZ 6943 
i—  Hexapanopeus nov. sp. - ULLZ 12779

.„jji Hexapanopeus paulensis - ULLZ 6608
98/98*— Hexapanopeus paulensis - ULLZ 6882 

Eurypanopeus ovatus - ULLZ 9041 
—  Eurytium limosum - ULLZ 4012 
Eurytium tristani- ULLZ 12791 

Eurytium affine - ULLZ 5499 
Eurytium albidigitum - ULLZ 4156 

Tetraplax quadridentata - ULLZ 12374 
Cyrtoplax spinidentata - ULLZ 8423 
Malacoplax californiensis - ULLZ 10572

0 0
0 0
0 0
0 "O

"O 0
0 CL
Q_ O
O C
C 0
0 CL

Û_

F igu re  1. Phylogenetic relationships among selected representatives of Xanthoidea sensu Ng et al., 2008 
analysis of 2788 bp of a concatenated 12S, 16S, COI, 18S, ENO and H3 dataset. Confidence values are 
ML values followed by Bayesian posterior probabilities. Values below 50 are indicated by Brackets 
names represent the primary clades discussed.
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(see M ilne-Edwards, 1873-1880), Dyspanopeus M artin  
& Abele, 1986, and several represen tatives of the 
genus Euiypanopeus A. M ilne-Edwards, 1878 (BS98/ 
pPlOO); (3) Hexapanopeus angustifrons (Benedict & 
R athbun, 1891), Hexapanopeus paulensis  Rathbun, 
1930, and two previously undescribed species 
(BSlOO/pPlOO); (4) E urytium  Stimpson, 1859, 
Tetraplax quadridentata  (Rathbun, 1898), Cyrtoplax 
spinidentata  (Benedict, 1892), and M alacoplax 
californensis (Lockington, 1877) (Lockington, 1877a) 
(BS77/pP100); (5) the genus E urytium  (BS98/pP100); 
(6) several Pacific represen tatives of the  genus E ury
panopeus [i.e. Euiypanopeus p lanissim us  (Stimpson, 
1860), Euiypanopeus abbreviatus (Stimpson, 1860), 
and Euiypanopeus ater R athbun, 1930; BS86/pP100]; 
and (7) a m oderately well-supported clade containing 
Eucratopsis crassim anus (Dana, 1851) and 11 repre
sentatives of the  genus Panopeus H. Milne Edw ards, 
1834 (BS59/pP89).

W hile overall support for the pseudorhom bilid 
clade is low (BS < 50/pP57), several w ell-supported 
clades are  recovered w ith in  it, including: (1) species 
of Garthiope Guinot, 1990 (BSlOO/pPlOO); (2) species 
of Speocarcinus Stimpson, 1859, Oediplax granulata  
R athbun, 1893, Pseudorhombila quadridentata  
(Latreille, 1828) (see Latreille, 1825-1828), Pseudor
hom bila xanthiform is  G arth, 1940, and T'apezioplax 
tridentata  (A. M ilne-Edwards, 1880) (BS99/pP100); (3) 
Micropanope Stimpson, 1871 (Stimpson, 1871b) (sensu 
Guinot, 1967) (BS88/pP100); (4) Thalassoplax angusta  
Guinot, 1969 and Robertsella mystica  Guinot, 1969 
(BSlOO/pPlOO); (5) Euphrosynoplax campechiensis 
Vázquez-Bader & Gracia, 1991, Euphrosynoplax  sp. 
and Chacellus filiform is Guinot, 1969 (BS90/pP100); 
and (5) Cyrtoplax panam ensis  Ziesenhenne, in 
G arth, 1940, and Panoplax depressa Stimpson, 1871 
(Stimpson, 1871b) (BSlOO/pPlOO). S ister to the 
pseudorhom bilid clade is a well-supported clade con
ta in ing  M elybia thalam ita  Stimpson, 1871 (Stimpson, 
1871b) and an  undescribed genus and species 
th a t is morphologically convergent w ith  Garthiope 
barbadensis (Rathbun, 1921) (BS73/pP100).

The family X anthidae, excluding those tax a  shown 
here to be more closely related  to Pseudorhom bilidae, 
is represen ted  by th ree clades w ith  the bulk  of 
the  included xanth id  tax a  in  a single w ell-supported 
clade (BS95/pP100) th a t is sister to the  panopeid/ 
pseudorhom bilid clade. S ister to th is  group are 
two lineages represented  in  each case by a single 
genus. One is represen ted  by Microcassiope xantusii 
(Stimpson, 1871) (Stimpson, 1871a) and Micro
cassiope taboguillensis (Rathbun, 1907), w hich is 
recovered as the  well-supported sister to the  larger 
clade com prising the  xanthids, pseudorhom bilids, and 
panopeids (BS88/pP100). The o ther is sister to all 
o ther xanthoids in  the  analysis and represented by a

single species, Medaeops granulosus (Haswell, 1882) 
(BSlOO/pPlOO).

D iscussion  of phylogenetic relationships

To clarify the  phylogenetic relationships among 
xanthoids from Am erican w aters, we collected da ta  
from a more diverse set of tax a  and applied more 
genetic m arkers th a n  used in  previous studies 
(Schubart e ta l., 2000; Thoma e ta l., 2009; Felder & 
Thoma, 2010).

O ur molecular phylogenetic analysis, based on 
p artia l sequence d a ta  from both nuclear (18S, H3, 
ENO) and m itochondrial (12S, 16S, COI) genes, indi
cates th a t the  superfam ily X anthoidea sensu  Ng et al. 
2008, is monophyletic. All 113 xanthoid taxa  were 
recovered in  a single well-supported clade (BS100/ 
pPlOO), which supports the  findings of Lai et al. 
(2011). Xanthoid represen tatives were d istributed  
among six clades: th ree  large clades, w hich on mor
phological bases appear to represen t restricted  
m em berships of the  xanthoid families X anthidae, 
Panopeidae, and Pseudorhom bilidae; a clade we pos
tu la te  to represen t the  subfam ily L innaeoxanthinae 
Stevcic, 2005; and two sm aller clades th a t we propose 
to represen t previously unrecognized lineages w ith in  
Xanthoidea.

The outgroup tax a  represented here include the 
families Acidopsidae Stevcic, 2005 (Goneplacoidea 
MacLeay, 1838, see Castro, Guinot & Ng, 2010), 
M enippidae O rtm ann, 1893, E riphiidae MacLeay, 
1838, and Pilum nidae Samouelle, 1819 (Pilum noidea 
Samouelle, 1819) (i.e. Acidops fim briatus, M enippe 
mercenaria, E riphia gonagra, and Lobopilum nus 
agassizii, respectively). These tax a  were recovered 
as sister to represen tatives of the superfam ily 
X anthoidea in  previous analyses (Thoma et al., 2009; 
Lai et al., 2011; our unpubl. data) and are  recovered 
outside of X anthoidea in  these analyses as well.

X anthidae s.I.
The p resen t analysis includes 47 species represen ting  
the fam ily X anthidae (sensu Ng et al., 2008), encom
passing represen tatives for nine of the  13 subfam ilies 
presently  thought to comprise the family. Of these 
nine subfam ilies, Liom erinae Sakai, 1976, Zalasiinae 
Seréne, 1968, and Zosiminae Alcock, 1898 are 
each represented by a single taxon [i.e. Neoliomera 
pubescens (H. Milne Edw ards, 1834), Banareia  
palm eri (Rathbun, 1894), and Platypodiella  
spectabilis (Herbst, 1794) (see H erbst, 1782-1804), 
respectively) m aking any comment on monophyly of 
these subfam ilies impossible. Of the  six xan th id  sub
families represented  by two or more tax a  in  the 
p resen t analyses, only Speocarcininae Stevcic, 2005 is 
recovered as monophyletic, albeit as p a rt of a clade
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unrela ted  to the  bulk  of the xanth id  taxa  (see 
Pseudorhom bilidae s.I. below). A lthough it appears 
th a t nearly  all of the curren tly  recognized subfam ilies 
are in  need of revision, perhaps m ost problem atic is 
X anthinae MacLeay, 1838, the  subfam ily best rep re
sented in  the presen t analysis. The 15 taxa  rep resen t
ing X anthinae are  recovered in  10 clades, including 
five sm all clades w ith in  a larger grouping comprised 
of represen tatives from all th ree  xanthoid families 
(see Pseudorhom bilidae s.I. below). These resu lts are 
sim ilar to those presented  by Lai e ta l. (2011) w here 
34 species of X anthinae were recovered in  ten  clades, 
including two found w ith in  a group sim ilar in  com
position to the  pseudorhom bilid clade recovered in  the 
p resen t work.

Medaeops granulosus
Among the five xanth id  clades, two groups appear to 
represen t early-branching lineages w ith in  the super
family, d istinct from any of the four clades th a t 
rep resen t existing xanthoid families. One of these 
early-branching lineages is represen ted  by Medaeops 
granulosus  (see Mendoza, Chong & Ng, 2009). We 
propose th a t th is lineage probably includes 24 West 
Pacific and Indo-W est Pacific species of the  subfam ily 
E uxanth inae Alcock, 1898, recovered as an  early- 
branching lineage in  the  study by Lai et al. (2011; see 
Clade Eux 3 in  th e ir fig. 1). I t is unclear how the 
composition of th is  clade m ight change were addi
tional taxa  added to the  analysis, bu t it is clear th a t 
it represen ts a lineage distinct from X anthidae s. s. 
(see below).

Microcassiope
The second of two early-branching xan th id  lineages 
is represented by two species of Microcassiope 
Guinot, 1967 (M. xantusii and M . taboguillensis). This 
w ell-supported lineage (BS88/pP100) is sister to the 
rem aining xanthoids.

The presence of the early-branching lineages of 
Microcassiope and Medaeops granulosus suggests 
th a t the p resen t classification of the superfam ily 
Xanthoidea is not n a tu ra l and th a t the  family 
X anthidae is in  need of fu rth er subdivision (Lai 
e ta l., 2011). In  particular, e ither the  families 
Panopeidae and Pseudorhom bilidae should be consid
ered subfam ilies of X anthidae or m any of the  xanth id  
subfam ilies should be elevated to fam ilial s ta tu s  
w ith in  the  superfam ily X anthoidea. The recovery of 
Microcassiope as a d istinct lineage outside of the 
fam ily X anthidae suggests it perhaps represen ts a 
separate  family; more robust analyses are under way.

X anthidae s.s.
The bulk  of the  xanth id  species included in  the
analyses (i.e. 64%) are  recovered in  a single, large,

well-supported clade (BS95/pP100) comprised exclu
sively of taxa  commonly trea ted  as xan th id  species. 
Previous analyses have shown affinities betw een 
X antho  Leach, 1814, the type genus, and rep resen ta 
tives of th is  larger xan th id  clade (Lai et al., 2011). 
A lthough Xantho  is not included in  the p resen t analy
sis, we conclude th a t th is  clade rep resen ts X anthidae 
s.s. and consists of several subfam ilies (e.g. X anthinae 
MacLeay, 1838 emend., A ctaeinae Alcock, 1898 
emend., G lyptoxanthinae M endoza & Guinot, 2011, 
Chlorodiellinae Ng & Holthuis, 2007, E uxanth inae 
Alcock, 1898); however, m ost of these subfam ilies do 
not appear to be monophyletic as presently  defined.

Despite being a common component of assem blages 
in  tropical and subtropical w aters of the Americas, 
the fam ily X anthidae is m ost diverse in  tropical West 
and Indo-west Pacific w aters (Forest & Guinot, 1961; 
Seréne, 1984). As we chose to include only Am erican 
represen tatives of the family, we do not here comment 
fu rther on subfam ilies w ith in  X anthidae bu t instead 
focus on some of the  xan th id  tax a  w ith  putative 
affinities to Panopeidae and Pseudorhom bilidae.

L innaeoxanthidae
Stevcic (2005) described the fam ily Melybiidae 
Stevcic, 2005 to accommodate the  monotypic genus 
M elybia  Stimpson, 1871b and placed the  family 
w ith in  the  Portunoidea Rafinesque, 1815 w ithout 
explanation or justification. A lthough his b rief diag
nosis suggests the  presence of a ‘p o r t u n i d  lobe’, our 
exam inations have revealed no evidence of a portunid 
lobe and support the findings of Ng et al. (2008) who 
recognized M elybia  as p a rt of X anthoidea ra th e r 
th a n  Portunoidea. Stevcic (2005) also described the 
genus Linnaeoxantho  Stevcic, 2005 and erected the 
subfam ily L innaeoxanthinae w ith in  X anthidae to 
accommodate Pilum noplax acanthomerus R athbun, 
1911. While Ng e ta l. (2008) recognized the  genus 
Linnaeoxantho, they  considered it to be p a rt of 
X anthinae along w ith  M elybia. More recently, 
Mendoza, C lark  & Ng (2012) reviewed the identity  
of P. acanthomerus and agreed w ith  Stevcic in  recog
nizing both Linnaeoxantho  and the subfam ily 
L innaeoxanthinae, while considering Linnaeoxan
th inae  and M elybiidae synonyms, and noting the 
priority  of L innaeoxanthinae.

Lacking Linnaeoxantho  in  the  presen t analyses, 
our findings cannot address affiliation betw een 
Linnaeoxantho  and M elybia  as proposed by M endoza 
et al. (2012). However, if  we assum e th a t morphologi
cal sim ilarities seen in  these two genera reflect 
shared  ancestry  and not convergence, then  the 
p resen t analyses indicate a clear relationship 
betw een L innaeoxanthinae and other xanthoid taxa  
bu t it does not appear to be p a rt of the  family 
X anthidae as proposed by Ng et al. (2008) or M endoza
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et al. (2012). In  the  p resen t analysis, M elybia  is 
recovered as sister to Pseudorhom bilidae in  a moder
ately  well-supported clade (BS73/pP100) w ith  an 
undescribed genus and species th a t is morphologi
cally sim ilar to Garthiope barbadensis. Given the 
topology presented here and the detailed morphologi
cal comparisons presented  by M endoza et al. (2012), 
we conclude th a t L innaeoxanthinae (sensu  M endoza 
et al., 2012) should be elevated to full fam ily s ta tu s  as 
a  lineage w ith in  the  Xanthoidea.

Micropanope s.I.
As early  as 1880 Micropanope w as recognized to rep
resen t more th a n  a single lineage (A. M ilne-Edwards, 
1873-1880). A lthough Guinot (1967) revised the 
genus, describing five previously unrecognized 
genera, she suggested th a t species a ttribu ted  to 
Micropanope were still represen tative of m ultiple dis
tinc t lineages. At th a t time, Guinot suggested th a t 
Micropanope s.s. should be restricted  to Micropanope 
sculptipes Stimpson, 1871b (the type species) and 
Micropanope lobifrons A. M ilne-Edwards, 1880 (see 
M ilne-Edwards, 1873-1880), bu t re ta ined  several 
species w ith in  the  genus un til such tim e as they  could 
be exam ined more thoroughly (Guinot, 1967, 1971).

Our analyses, which are  largely congruent w ith 
previous observations (Guinot, 1967, 1971), indicate 
th a t Micropanope, as cu rren tly  defined, represents 
m ultiple d istinct lineages. Micropanope sculptipes 
and M. lobifrons are recovered in  a single well- 
supported clade (BS88/pP100), while Micropanope 
pusilla  A. M ilne-Edwards, 1880 (see M ilne-Edwards, 
1873-1880) and Micropanope truncatifrons Rathbun, 
1898, the o ther two represen tatives of the  genus 
included in  the  analysis, are found in  two highly 
divergent clades. As M . sculptipes is the  type species 
of the genus, our findings support restriction  of 
Micropanope s.s. to only M . sculptipes and M. 
lobifrons, as proposed by G uinot (1967). A lthough the 
p resen t analysis suggests th a t Micropanope is not 
monophyletic and in  need of fu rther revision, we 
aw ait molecular d a ta  for rem aining species of the  
genus before a thorough analysis is undertaken. 
Thus, the  s ta tu s  of the  tribe M icropanopeini estab 
lished by Stevcic (2005) for the  whole genus 
Micropanope (with M. sculptipes as type species) and 
diagnosed by a G I ‘stra igh t, tip  b lunt, stout, distally  
strongly recurved’ rem ains uncertain . The presen t 
analyses support recognition of Scopolius Stevcic, 
2011 for Micropanope nutting i (Rathbun, 1898), w ith 
Scolopius nutting i being recovered in  a linage distinct 
from Micropanope s.s. as an  unsupported  sister to 
Micropanope pusilla . While these two taxa  are 
vaguely sim ilar in  general habitus, the  morphology of 
G I clearly separates them , though the  topology pre
sented here provides no evidence th a t the genus

Scolopius w arran ts  trea tm en t as a the separate  tribe, 
Scopoliini Stevcic, 2011.

A lthough Micropanope has more recently  been 
recognized as a p a rt of X anthidae (Ng et al., 2008), 
historically it  has been considered to be a p a rt of 
the family Panopeidae, and Guinot (1967: 349) has 
shown th a t its affinities m ust be researched among 
Panopeinae (‘ses affinités seraien t donc à rechercher 
parm i les Panopeinae’). In the  p resen t analysis all 
included species of Micropanope are recovered w ith in  
a large clade comprising m ostly of pseudorhom bilids 
along w ith  represen tatives of the o ther two xanthoid 
families, which suggests th a t the genus is more 
closely allied to pseudorhom bilids th a n  to either 
xanth ids or panopeids.

Panopeidae s.I.
In the p resen t analysis the  fam ily Panopeidae as 
defined by Ng et al. (2008) is not recovered as 
monophyletic. Several tax a  a ttrib u ted  to both subfam i
lies [i.e. Panopeinae O rtm ann, 1893: Tetraxanthus 
rathbunae  Chace, 1939, Lophoxanthus lamellipes 
(Stimpson, 1860); Eucratopsinae Stimpson, 1871 
(Stimpson, 1871b): Panoplax depressa, Cyrtoplax 
panam ensis, Thalassoplax angusta, and Robertsella 
mystica] are recovered as p a rt of the  pseudorhombilid 
clade (comprising pseudorhom bilids and a few 
represen tatives of the  o ther two families; see 
Pseudorhom bilidae s.I. below). Despite being recovered 
among the  pseudorhom bilids, they  do not appear to 
have strong affinities for one another; for instance, 
T. angusta  and R. m ystica  form a w ell-supported 
clade (BSlOO/pPlOO) while L. lamellipes, P. depressa, 
C. panam anensis, and Tetraxanthus rathbunae are  all 
p a rt of an  unsupported  clade th a t contains the xanth id  
Eucratodes agassizii A. M ilne-Edwards, 1880 (see 
M ilne-Edwards, 1873-1880). As the  rem aining 
panopeid taxa  included in  th is  study are recovered in 
a single well-supported clade (BS84/pP100) comprising 
exclusively panopeid taxa, we suggest th a t these six 
taxa  are  not p a rt of Panopeidae s.s. and should be 
transferred  to Pseudorhom bilidae as redefined here.

Chasmophora
The panopeid clade appears to comprise several dis
tinct lineages th a t originate deep w ith in  the  clade. 
One is represented  by the  monospecific genus 
Chasmophora  R athbun, 1914, known from the tropi
cal E aste rn  Pacific, which has a peculiar set of 
characters of the G I and a penis th a t is completely 
protected (Guinot, 1969c: 714). A lthough Chasmo
phora  is recovered as the sister to Panopeidae in  the 
phylogenetic analysis, represen tatives of the  genus 
share several morphological characters w ith  repre
sentatives of Pseudorhom bilidae. I t is unclear if  
these sim ilarities, w hich include a G I (see Guinot,
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1969c: figs 1, 3, 4a-e) w ith  a convoluted, vaguely 
foliform apex (not resem bling the  typical trifid 
arrangem ent typically found in  Panopeidae) and a 
m ale thoracic sternum  th a t is m uch broader th an  
long in  the  anterior portions, are  the  resu lt of con
vergence or indicate the  shared  ancestry  of the 
pseudorhom bilids and Chasmophora.

W hen discussing Chasmophora as p a rt of his mor
phologically based reclassification of B rachyura, 
Stevcic (2005) recognized C hasm ophorinae Stevcic, 
2005, as a distinct lineage w ith in  Pseudorhom bilidae. 
While the p resen t analysis supports recognizing 
Chasmophora  as a distinct lineage, it appears to 
be more closely rela ted  to panopeids th a n  to the 
pseudorhom bilids, a hypothesis suggested w ith 
reservation by Guinot (1969c). Based upon the 
phylogenetic relationships depicted here and the 
contradictory in terp re ta tions of morphology, we defer 
judgm ent on the affinities of Chasmophora  un til mor
phological evidence can be thoroughly reevaluated.

Lophopanopeus
Lophopanopeus bellus (Stimpson, 1860), the  type 
species of the  genus, is recovered as another early- 
branching sister to the rem aining panopeids. This 
easte rn  Pacific group curren tly  comprises eight 
species. A lthough only a single species was included 
in  the  p resen t analysis, Lophopanopeus R athbun, 
1898 appears to represen t a d istinct lineage outside 
Panopeinae. In addition to sam pling additional rep 
resen tatives of the  group in  m olecular analyses, mor
phology of th is genus m ust be fu rther exam ined 
for evidence th a t m ay d istinguish  it from other 
Panopeinae.

Panopeidae s.s.
A well-supported clade (BS99/pP100), which we 
regard  to rep resen t Panopeidae s.s., is recovered in 
th is analysis and is sim ilar in  composition to those 
in  previous analyses (Thoma e ta l., 2009; Felder 
& Thoma, 2010). W ithin Panopeidae s.s., several 
generic-level clades [i.e. Hexapanopeus R athbun, 
1898 s.s. (BSlOO/pPlOO), E urytium  (BS98/pP100), 
Glyptoplax Sm ith, 1870 (BS89/pP100), and
Dyspanopeus (BSlOO/pPlOO)], are recovered as 
monophyletic groups, m uch as in  previous analyses 
(see Thom a et al., 2009). However, we did not expect 
to find Eucratopsis Sm ith, 1869 w ith in  a larger clade 
comprising species of Panopeus (see Panopeus below). 
The genus Euiypanopeus  also continues to prove 
problem atic (Schubart et al., 2000; Thom a et al., 
2009), as represen tatives of the  genus are recovered 
in  five different clades w ith in  Panopeidae. In  addi
tion, the panopeid subfamilies, E ucratopsinae and 
Panopeinae, are  not recovered as monophyletic in  the 
p resen t analysis. However, several genera a ttribu ted

to E ucratopsinae are recovered in  a monophyletic 
clade and appear to be united  by unique characters of 
the m ale thoracic sternum  (see Tetraplax R athbun, 
1901, Cyrtoplax R athbun, 1914 and Malacoplax 
Guinot, 1969 below).

Panopeus
Several studies have indicated th a t Panopeus 
americanus Saussure, 1857 represen ts a lineage 
distinct from th a t of Panopeus s.s. (Schubart et al., 
2000; Thom a et al., 2009). Therefore, it is not su rp ris
ing to find P. americanus well separated  from its 
congeners included in  the  p resen t analysis. H ere it 
is recovered as sister to a clade com prising several 
species of Euiypanopeus [Euiypanopeus p lanus  
(Smith, 1869) and Euiypanopeus ovatus (Benedict & 
R athbun, 1891)], Hexapanopeus, E urytium , Tetraplax, 
M alacoplax, and Cyrtoplax spinidentata, although 
th is topology is not well supported (BS < 50/pP83). In 
addition to the genetic differences, morphology of the 
G I of P. am ericanus is quite different from th a t in 
typical species of Panopeus (type species: Panopeus 
herbstii H. M ilne Edw ards, 1834). While its  affinities 
w ith in  the fam ily rem ain  unclear, P. am ericanus is 
clearly not represen tative of Panopeus s.s.

W hereas the  rem aining represen tatives of 
Panopeus (i.e. excluding P. americanus) are  recovered 
in  a single clade, overall support for the  arrangem ent 
is low (BS59/pP89) and a single represen tative of 
Eucratopsis crassim anus is recovered nested deep 
w ith in  th is clade as the sister-taxon of Panopeus 
africanus. Eucratopsis w as long considered rep re
sentative of Goneplacoidea MacLeay, 1838 and is 
readily  separated  from Panopeus based on the mor
phology of the  carapace and chelipeds (e.g. Sm ith, 
1869; R athbun, 1918; Guinot, 1969a; Williams, 1984). 
However, M artin  & Abele (1986: 191) pointed out th a t 
the G ls  of E. crassim anus  ‘are of the  Panopeus form’, 
bu t did not elaborate. As our analyses is the first 
to include genetic d a ta  from representatives of E. 
crassim anus it is unclear if  the  p resen t arrangem ent 
is an  artefact of the analyses or reflective of the 
shared  ancestry. To ensure th a t the  p resen t arrange
m ent of E. crassim anus did not resu lt from contam i
nation  or o ther error, m ultiple specimens of E. 
crassim anus were included in  prelim inary  analyses of 
individual genes and combined datase ts, all of which 
revealed sim ilar topologies. In addition, sequences 
w ere exam ined for differences in  GC ratios to ensure 
th a t th is  relationship  did not reflect convergence as a 
resu lt of GC bias in  the  m itochondrial d a ta  (12S, 16S, 
and COI).

P resen t analyses suggest th a t Panopeus, exclusive of 
P. americanus, represen ts four d istinct lineages 
including: (1) Panopeus chilensis H. Milne Edw ards & 
Lucas, 1843 (see Milne Edw ards & Lucas, 1842-1844);
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{2) Panopeus purpureus  Lockington, 1877 (Lockington, 
1877b); (3) P. africanus; and (4) Panopeus lacustris 
Desbonne, in  Desbonne & Schram m , 1867, Panopeus 
austrobesus W illiams, 1983, Panopeus rugosus A. 
M ilne-Edwards, 1880 (see M ilne-Edwards, 1873- 
1880), Panopeus harttii Sm ith, 1869, Panopeus 
occidentalis Saussure, 1857, Panopeus obesus Sm ith, 
1869, Panopeus sim psoni R athbun, 1930, and P. 
herbstii H. Milne Edw ards, 1834 (type species). As 
morphological characters trad itionally  used in  delin
eating  species of Panopeus have not proven useful, 
additional studies, both genetic and morphological, are 
needed to fu rther clarify evolutionary relationships of 
the  species a ttrib u ted  to the  genus.

The specific s ta tu s  of Panopeus sim psoni, P. obesus, 
and, to a lesser extent, P. lacustris, has long been 
debated (Rathbun, 1930; Turner & Lyerla, 1980; 
Ream es & W illiams, 1983; Sullivan et al., 1983; 
W illiams, 1983, 1984; Schubart et al., 2000). In itially  
described as forms of Panopeus herbstii, these  taxa  
w ere elevated to full species sta tu s  by Williams (1983) 
based upon allozyme, haem ocyanin, ecological, and 
morphological differences. However, Schubart et al. 
(2000) pointed out th a t 16s rRNA does not d istinguish 
betw een P. herbstii and P. sim psoni and furtherm ore 
provided only a single nucleotide position to d istin 
guish P. obesus from these two taxa. Despite these 
sim ilarities, the au thors chose not to synonymize 
P. sim psoni w ith  P. herbstii. While the  presen t 
phylogenetic analysis provides little  additional 
support for m ain tain ing  species s ta tu s  for P. 
sim psoni, exam ination of COI alignm ents provides 
some support for the conservative approach tak en  by 
S chubart et al. (2000), w ith  five nucleotide differences 
betw een P. herbstii and P. sim psoni. Regardless, it 
appears th a t these th ree  tax a  have only recently 
diverged as few m utations have accum ulated in  the 
exam ined sequences.

Euiypanopeus s.I.
Previous analyses of Euiypanopeus have concluded 
the  genus was not monophyletic (Schubart et al., 
2000; Thoma et al., 2009); therefore, it is not su rp ris
ing to find th a t the  eight represen tatives of the genus 
included in  th is study  are recovered in  four widely 
separated  clades. Six of these eight tax a  are recovered 
in  two clades comprising: (1) Euiypanopeus turgidus 
(Rathbun, 1930), Euiypanopeus depressus (Smith, 
1869), and Euiypanopeus dissim ilis  (Benedict & 
R athbun, 1891) (BS70/pP99) and (2) Euiypanopeus 
ater, Euiypanopeus abbreviatus, and Euiypanopeus 
plan issim us  (BS86/pP100). Two additional lineages, 
each represented  by a single taxon (i.e. Euiypanopeus 
ovatus and Euiypanopeus p lanus, respectively), are 
recovered as early  branching lineages near the  base of 
the  Hexapanopeus s.s. clade.

Eurypanopeus ovatus is recovered as the sister- 
taxon to Hexapanopeus s.s. Despite the lack of support 
for th is relationship  (BS < 50/pP88), it  is w orth noting 
th a t in  the ir analysis, Schubart et al. (2000) recovered 
a sim ilar relationship  betw een Euiypanopeus crenatus 
(H. Milne Edw ards, 1834), the  type species of the 
genus, and Hexapanopeus s.s. This suggests th a t E. 
ovatus and E. crenatus, both easte rn  Pacific species, 
m ay represen t Euiypanopeus s.s. and th a t both
E. abbreviatus and E. depressus m ay represen t yet 
undefined genera. However, un til thorough genetic 
and morphological analyses of all 14 species of the 
genus can be undertaken , we conclude only th a t 
Euiypanopeus  is not monophyletic.

A lthough Euiypanopeus turgidus w as long recog
nized as a m em ber of the genus Panopeus, the  analy
sis of Schubart et al. (2000) recovered it as a close 
relative of E. depressus, well separated  from repre
sentatives of Panopeus. In  the  p resen t analysis, E. 
turgidus is recovered as the  sister to a clade compris
ing E. depressus and E. d issim ilis. While support for 
th is clade is fairly strong (BS70/pP99), the  support 
for the  sister-taxa relationship  betw een E. depressus 
and E. dissim ilis  is less clear despite sim ilarities in 
morphology long thought to reflect th e ir proxim ity 
(Rathbun, 1930). As Euiypanopeus turgidus is clearly 
not re la ted  to Panopeus, we consider it p a rt of 
Euiypanopeus  un til a thorough review of the  group 
can be undertaken.

The clade composed of Euiypanopeus ater, E. 
abbreviatus, and E. p lan issim us  is recovered as sister 
to a clade comprising Panopeus and Eucratopsis (see 
‘Panopeus’ above). A lthough th is  arrangem ent is not 
well supported (BS < 50/pP89), there  is little  doubt 
th a t the  ‘Euiypanopeus abbreviatus’ clade is only dis
tan tly  re la ted  to the o ther m em bers of Euiypanopeus 
in  the  presen t analysis (see also Schubart et al., 2000; 
Thoma et al., 2009).

Hexapanopeus s.I.
The genus Hexapanopeus has been shown in previous 
analyses (Thoma et al., 2009) to be not monophyletic. 
However, recent revisions of the group, including 
the transfe r of Hexapanopeus caribbaeus Stimpson, 
1871 (Stimpson, 1871a) to Acantholobulus (see Thoma 
et al., 2009) and the  description of M ilnepanopeus 
Thoma & Felder, 2012 to accept Hexapanopeus lobipes 
(A. M ilne-Edwards, 1880) (see M ilne-Edwards, 1873- 
1880), have helped to fu rther refine and clarify the 
species composition of the  genus. Pending genetic and 
morphological analysis, seven easte rn  Pacific species 
have been ten tatively  re ta ined  in  Hexapanopeus. P re
lim inary morphological analyses of these eastern  
Pacific tax a  suggest th a t Hexapanopeus costaricensis 
G arth, 1940, Hexapanopeus cartagoensis G arth, 1939, 
and Hexapanopeus sinaloensis R athbun, 1930 have a
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G I th a t is morphologically sim ilar to th a t of 
Glyptoplax pugnax  Sm ith, 1870, the type species 
of Glyptoplax, and th a t these species m ay be more 
represen tative of Glyptoplax th a n  they  are  of 
Hexapanopeus. In addition, exam ination of G I mor
phology suggests th a t Hexapanopeus orcutti R athbun, 
1930 and Hexapanopeus rubicundus R athbun, 1933 
m ay b etter fit Acantholobulus th a n  Hexapanopeus. As 
specimens suitable for genetic analysis have yet to 
become available for these seven Pacific species, we 
m ust defer judgm ent.

A nother potentially  problem atic taxon is an 
undescribed species w ith  morphological sim ilarities 
to Acantholobulus schm itti (Rathbun, 1930) (formerly 
Hexapanopeus schm itti). In  previous analyses, 
specimens a ttrib u ted  to th is  species (as gen. nov., 
sp. nov. n ear Acantholobulus schm itti -  ULLZ 8646) 
have shown affinities to both Glyptoplax sm ith ii 
A. M ilne-Edwards, 1880 (see M ilne-Edwards, 1873- 
1880) (based on 12S rRNA; fig. 2 in  Thoma et al., 
2009) and Hexapanopeus s.s. (16S rRNA; fig. 1 in 
Thom a et al., 2009); however, neither of these 
arrangem ents was well supported. In  the  presen t 
analyses, ‘gen. nov., sp. nov. near Acantholobulus 
schm itti -  ULLZ 8646’ is recovered as the sister-taxon 
to a clade com prising Panopeus and Eucratopsis (see 
Panopeus above), although th is  topology has no 
support from either ML or Bayesian analyses. The 
phylogenetic affinities of th is  taxon rem ain  uncertain  
as it  appears to lack strong genetic ties to any known 
panopeid genus and, despite its morphological sim i
larities to A. schm itti, there  is no evidence from 
genetic analyses to support th is  relationship. U ntil 
detailed morphological exam inations can be com
pleted it is unclear if  th is undescribed taxon is a 
represen tative of a known genus or is be tter accom
m odated by the estab lishm ent of a new genus.

Hexapanopeus s.s.
The p resen t analysis and previous analyses of the 
group (Thoma et al., 2009) suggest th a t Hexapanopeus 
s.s. consists of only two nom inal species, Hexapanopeus 
angustifrons and Hexapanopeus paulensis, as well as 
several undescribed lineages. Both H. angustifrons 
and H. paulensis, as curren tly  defined, appear to 
comprise two or more cryptic species (Thoma et al., 
2009), a finding th a t is supported here as well. In 
addition, two undescribed species can be a ttribu ted  
to Hexapanopeus, including one from the  tropical 
w estern  A tlantic and another from the  tropical eastern  
Pacific. Interestingly, the morphology of the G I of the 
specimen from the easte rn  Pacific is in term ediate 
betw een th a t of H. orcutti and the G I figured from a 
specimen referred  to as Panopeus sp. by M artin  & 
Abele (1986, see the ir fig. 2B). It rem ains to be seen 
w hether th is sim ilarity  in  morphology is indicative of

convergence or shared  ancestry  betw een H. orcutti and 
the undescribed lineage of Hexapanopeus from the 
easte rn  Pacific.

Acantholobulus s.l.
Although previous analyses of Acantholobulus  have 
indicated the  genus is monophyletic (Thoma et al., 
2009), the inclusion of Metopocarcinus concavatus 
Crane, 1947 in  the  p resen t analysis suggests th a t it 
m ay comprise th ree or more lineages. O riginally 
erected to accommodate four represen tatives of 
Panopeus and Hexapanopeus due to sim ilarities in 
carapace and G I morphology as well as general 
hab itus (Felder & M artin, 2003), Acantholobulus 
now includes five species: Acantholobulus berm u
densis (Benedict & R athbun, 1891) (type species), 
Acantholobulus pacificus, Acantholobulus m ira
florensis (Abele & Kim, 1989), Acantholobulus 
schm itti, and Acantholobulus caribbaeus (see Felder & 
M artin, 2003; Thoma et al., 2009 for sum m aries). 
All represen tatives of Acantholobulus, om itting A. 
miraflorensis (not included in  the p resen t analysis), 
are found in  a well-supported clade (BS93/pP100) w ith 
M . concavatus and an  undescribed species from the 
E aste rn  Pacific (i.e. Acantholobulus  sp. -  ULLZ 
12801).

The represen tatives of Acantholobulus  and M . 
concavatus differ in  carapace morphology bu t have 
sim ilar morphology of the  G I. In  addition, both taxa  
can be found readily  in  sim ilar h ab ita ts  (i.e. subtropi
cal to tropical, in tertida l to shallow subtidal, fouled/ 
rubble habita ts) bu t have no apparen t overlap 
in  distribution. W hether these sim ilarities to any 
extent justify  synonymizing Acantholobulus w ith  
Metopocarcinus m ust aw ait more detailed m orpho
logical analyses.

Eucratopsinae
Guinot (1978) separated  Panopeidae into two groups: 
(1) panopeids w ith  ‘x an th ian  facies’ (faciès ‘xan th ien’) 
(taxa formerly in  X anthinae or P ilum ninae) and 
m ale genital openings th a t are coxal (i.e. not passing 
th rough an  elongate groove betw een stern ites 7 and 8) 
and (2) panopeids w ith  ‘goneplacid facies’ (faciès 
‘gonéplacien’) (taxa form erly in  Goneplacidae: Priono- 
placinae Alcock, 1900 by Balss, 1957) and m ale genital 
openings th a t range from coxal (as in  Panopeinae) to 
coxo-sternal (i.e. passing through an  elongate groove 
betw een stern ites 7 and 8 and often covered ventrally  
by a portion of the stern ites 7 and/or 8). G uinot (1978) 
conditionally recognized the nam es Panopeinae 
O rtm ann, 1893 and E ucratopsinae Stimpson, 1871 for 
these two groups, respectively.

These subfam ilies m ust be revised as both the 
p resen t phylogenetic analyses and previous work by 
Thoma et al. (2009) have shown the subfamilies, as
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presently  described, are not monophyletic. Of the 
13 genera a ttrib u ted  to E ucratopsinae by Guinot 
(1978) and refined by Ng e ta l. (2008), nine are 
included in  the  p resen t analyses: Cyrtoplax,
Tetraplax, Eucratopsis, Glyptoplax, Malacoplax, and 
Panoplax Stimpson, 1871 (Stimpson, 1871b), 
Robertsella  Guinot, 1969, Thalassoplax Guinot, 1969, 
and Chasmophora. R epresentatives of these taxa  are 
recovered in  six highly divergent clades.

As m entioned above (see Panopeus), Eucratopsis 
crassim anus, the  type species of the  type genus of the 
subfam ily Eucratopsinae, is recovered w ith in  
a clade com prising species of the  type genus of 
Panopeinae {Panopeus). W ith the  type species of the 
type genera of both subfam ilies being recovered in  a 
single clade, our resu lts suggest th a t the  subfamilies 
of Panopeidae are  not monophyletic. Although two 
other m em bers of the  subfam ily E ucratopsinae (i.e. 
Chasmophora  and Glyptoplax) are  recovered w ith in  
Panopeidae s.I., neither appears to be closely related  
to Eucratopsis. Furtherm ore, several taxa  presently  
a ttrib u ted  to E ucratopsinae (i.e. Thalassoplax, 
Robertsella, Panoplax, and Cyrtoplax panam ensis) 
a re  recovered in  the  pseudorhom bilid clade (see 
Pseudorhom bilidae s.I. below) suggesting th a t they 
are  more closely re lated  to Pseudorhom bilidae th a n  to 
Panopeidae s.s.

As p a rt of his reclassification of Brachyura, Stevcic 
(2005) erected the tribe M alacoplacini Stevcic, 2005 
and designated M alacoplax as the  type genus; 
however, he neither provided insight into o ther poten
tia l m em bers of the  group nor commented on its 
relationship  to the  rem ainder of the family. In  our 
analysis, M alacoplax is recovered in  an  unsupported 
clade w ith  Cyrtoplax spinidentata  and Tetraplax 
quadridentata. In  addition to being sim ilar in  general 
habitus, these th ree  tax a  have a portion of the  penis 
visible betw een stern ites 7 and 8. A lthough th is is not 
unique to these th ree  taxa, the  degree to w hich the 
penis is exposed appears to be g rea ter in  these th an  
in  o ther taxa. While th is clade m ay be seen as support 
for M alacoplacini, its  distance from other eucratopsid 
taxa  in  the  p resen t analysis fu rther calls into ques
tion the validity  of the  panopeid subfamilies.

Pseudorhom bilidae s.l.
Pseudorhom bilidae has long been a complex and 
controversial taxon (Alcock, 1900; Guinot, 1969c, 
1971; Hendrickx, 1998; M artin  & Davis, 2001; Ng 
e ta l., 2008; Felder e ta l.,  2009; De Grave e ta l. 2009). 
Upon its original description, Alcock (1900) placed 
Pseudorhom bilinae Alcock, 1900 w ith in  Goneplacidae 
MacLeay, 1838 and recognized nine genera w ith in  the 
subfamily, m any of w hich are  now considered p arts  of 
o ther families or superfam ilies [i.e. Carcinoplax H. 
Milne Edw ards, 1852 and Psopheticus Wood-Mason,

1892, now in Goneplacidae; Platypilum nus  Alcock, 
1894, now in M athildellidae K arasaw a & Kato, 
2003; Eucrate De H ann, 1835, now in  Euryplacidae 
Stimpson, 1871 (Stimpson, 1871b); Litocheira 
K inahan, 1856, now in Litocheiridae K inahan, 1856; 
Catoptrus A. M ilne-Edwards, 1870 and Libystes A. 
M ilne-Edwards, 1867, now in Portunidae Rafinesque, 
1815; see Castro 2007; Castro & Ng 2008, 2010; 
Castro e ta l., 2010; Low e ta l., 2012; Ng & 
M anuel-Santos, 2007; Ng et al., 2008; Türkay, 1983).

W hen prelim inarily  reviewing the  Goneplacoidae, 
Guinot (1969a-c) pointed out th a t represen tatives of 
Pseudorhom bilinae, m uch like Panopeinae, showed 
various character sta tes of penis protection. These 
range from a short penis th a t is close to the  P5 coxal 
gonopore (as in  the cyclometopous disposition) and 
lies in  a shallow depression, to a longer penis th a t lies 
in  a d istinct groove betw een stern ites 7 and 8. In 
m any cases, the  penis is protected to some degree 
by the expansion of stern ites 7 and 8 w ith  the 
most derived coxo-sternal condition typified by the 
expansion of stern ites 7 and 8 un til they  completely 
enclose the  penis. A lthough Guinot (1969a-c) pointed 
out sim ilarities betw een Pseudorhom bilinae and 
X anthidae, she ten tatively  re ta ined  the  subfam ily 
w ith in  the  fam ily Goneplacidae.

While describing a new genus and species from the 
Gulf of California, H endrickx (1998)) recognized the 
family Pseudorhom bilidae for a group of six genera 
(Nanoplax  Guinot, 1967, Chacellus Guinot, 1969, 
Bathyrhom bila  Hendrickx, 1998, Euphrosynoplax 
Guinot, 1969, Oediplax R athbun, 1894, and 
Pseudorhombila  H. Milne Edw ards, 1837), bu t it was 
not un til the  revision by M artin  & Davis (2001) th a t 
both Pseudorhom bilidae and Panopeidae were recog
nized as families w ith in  Xanthoidea. Several previous 
phylogenetic analyses have provided support for this 
arrangem ent w ith  represen tatives of Pseudorhom 
bilidae being recovered w ith in  X anthoidea (i.e. Felder 
& Thoma, 2010; Lai et al., 2011). In the  p resen t study 
all included represen tatives of Pseudorhom bilidae are 
recovered w ith in  Xanthoidea, fu rther supporting rec
ognition th is previously ill-defined group as a family 
w ith in  Xanthoidea.

While the taxonomic composition of Pseudorhom 
bilidae has been debated and revised, no review to date 
has suggested Pseudorhom bilidae to be as taxonomi- 
cally broad as is indicated in  the  p resen t phylogenetic 
analysis. O ur study finds all included represen tatives 
of Pseudorhom bilidae in  a single clade along w ith 
represen tatives from both panopeid subfam ilies and 
two subfam ilies of X anthidae. A lthough it  rem ains 
unclear w hat the final composition of Pseudor
hom bilidae will be as additional taxa  are  included in 
analyses, it is here proposed th a t Pseudorhom bilidae is 
both m uch larger th a n  previously regarded and th a t it
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appears to be the  monophyletic sister taxon to the 
Panopeidae.

As p a rt of his reclassification of B rachyura, 
Stevcic (2005) recognized four subfam ilies in 
Pseudorhom bilidae: Pseudorhom bilinae Alcock, 1900, 
Trapezioplacinae Stevcic, 2005 (with Ti'apezioplax 
Guinot, 1969 as the type genus), Tetraxanthinae 
Stevcic, 2005, and Chasm ophorinae Stevcic, 2005 (see 
Panopeidae s.l., above). Ti'apezioplax tridentata, the 
type species of 1Yapezioplax, is recovered in  a well- 
supported clade (pP100/BS99) w ith  Pseudorhombila  
quadridentata, the  type species of Pseudorhom bilinae, 
Oediplax granulata, and five species of Speocarcinus. 
The proxim ity of T'apezioplax  Guinot, 1969 to the  type 
species of the Pseudorhom bilinae calls into questions 
the subfam ilial s ta tu s  of Trapezioplacinae.

Tetraxanthus R athbun, 1898 is clearly p a rt of 
Pseudorhom bilidae, although its relationship  to the 
rem ainder of the  fam ily rem ains less clear. A lthough 
Tetraxanthus is recovered in  a clade w ith  Ciytoplax, 
Panoplax, Eucratodes A. M ilne-Edwards, 1880 (see 
M ilne-Edwards, 1873-1880), and Lophoxanthus A. 
M ilne-Edwards, 1879, (see M ilne-Edwards, 1873- 
1880) the clade has no support (BS < 50/pP < 50). 
U ntil additional analyses can include the type species 
of the group, Tetraxanthus bidentatus (A. Milne 
Edw ards, 1880) (see M ilne-Edwards, 1873-1880), and 
relationships of the  group can be clarified, we defer 
judgm ent on the validity  of T etraxanthinae.

Five of the seven tribes of the  subfam ily P seu
dorhom bilinae recognized by Stevcic (2005) are rep re
sented in  th is analysis. R epresentatives of Thalasso- 
placini Stevcic, 2005, Euphrosynoplacini Stevcic, 2005, 
Robertsellini Stevcic, 2005, and Chacellini Stevcic, 
2005 (i.e. four of the five included tribes) are  recovered 
in  a single, m oderately well-supported clade (pP61/ 
BS92) along w ith  N anoplax xanthiform is (A. 
M ilne-Edwards, 1880) and Micropanope truncatifrons. 
The proxim ity of these four tribes to one another and 
the distance from th is clade to the represen tatives of 
the fifth tribe, Pseudorhom bilini Stevcic, 2005, sug
gests th a t these tribes m ay be best represented by the 
ran k  of genus ra th e r  th a n  tribe.

M aterials definitively assignable to Krunorhombila  
om etlanti (Vazquez-Bader & Gracia, 1995), the type 
species of Krunorhom bila  Stevcic, 2011, were not avail
able for inclusion in  our p resen t phylogenetic analysis. 
However, com parison of its generic diagnosis to 
m ateria ls of Pseudorhombila quadridentata, the  type 
species of Pseudorhombila, suggests th a t K runor
hom bila  is a jun io r synonym of Pseudorhombila. 
Furtherm ore, morphological characters used to d istin 
guish betw een P. om etlanti and P. quadridentata  in 
the original description of P. om etlanti appear to 
inconsistently  exceed grades of intra-specific variation 
seen in  our presently  available m ateria ls of P.

quadridentata, a t the very least underlin ing the prox
im ity of these taxa. A lthough additional comparisons 
are needed, including detailed exam ination of type 
m ateria ls and m olecular phylogenetic analyses th a t 
rep resen t both of these putatively  separate  species, 
p resen t morphological comparisons a t m inim um  do 
not support recognition of Krunorhom bila  and thus 
Krunorhom bilini is not supported.

Discussion  of adult morphology

A num ber of recent studies have suggested th a t m any 
of the  morphological characters historically used in 
defining xanthoid taxa  (e.g. an tero la tera l detention 
of the carapace, m odalities of penis protection, 
chelipeds, and th ird  maxillipeds) appear to be the 
resu lt of convergence (e.g. Guinot, 1967, 1969a-c, 
1978; Schubart e ta l., 2000; Felder & M artin, 2003; 
Ng et al., 2008; Thom a et al., 2009; Lai et al., 2011; 
Thoma & Felder, 2012; Lasley et al., 2013). The 
p resen t study fu rther confirms the need for a sub
stan tia l revision of the group, particu larly  the  sub
families of X anthidae. A lthough a complete revision is 
beyond the focus of th is study, there  are a num ber of 
morphological characters th a t show prom ise in  defin
ing clades recovered in  our prelim inary  exam inations.

X anthidae s.l.
Although the presen t analysis indicates th a t the 
fam ily X anthidae, as presently  defined, is not 
monophyletic, the topology included several clades 
comprising tax a  presently  a ttrib u ted  to the family. 
Some of these clades (i.e. ‘Medaeops granulosus’ clade 
and ‘Microcassiope’ clade) consist of only one or two 
taxa, m aking detailed morphological comparisons 
im practical un til analyses of the  superfam ily combin
ing Old and New World tax a  clarify the  taxonomic 
composition of these clades on a global scale.

X anthidae s.s.
Prelim inary  morphological analyses suggest th a t 
Am erican represen tatives of X anthidae s.s. are  united 
by several characters of the  m ale thoracic sternum  
and the pereopods of both sexes. In  m ales, no portion 
of s tern ite  8 is visible la te ra l to the  abdomen (Fig. 2A, 
B), while it appears th a t in  m ales of all o ther nom inal 
xanthoid families a t least some portion of stern ite  
8 is visible la terally  (Fig. 2C-F). Secondly, in  a t 
least Am erican represen tatives of the family, the 
last w alking leg has a dactylus w ith  a distinct 
subterm inal, calcareous tooth on the  flexor m argin 
(Fig. 3A), w hich does not appear to be found in  other 
xanthoids (Fig. 3B, C).

Panopeidae and Pseudorhom bilidae
Along w ith  represen tatives of several lineages
previously a ttribu ted  to the fam ily X anthidae (see
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F ig u re  2. Ventral view of the posterior portion of the thoracic sternum and male abdomen. A, Etisus maculatus (ULLZ 
10008); B, Cataleptodius occidentalis (ULLZ 4127); C, Rhithropanopeus harrisii (ULLZ 3995); D, Panopeus herbstii (ULLZ 
8457); E, Chacellus filiformis (ULLZ 12296); F, Pseudorhombila quadridentata (ULLZ 9326). Second and 3rd abdominal 
somites and the coxa of the 5th pereopod are labelled as Abd 2, Abd 3, and P5, respectively.

L innaeoxanthidae and Micropanope above), Pano
peidae and Pseudorhom bilidae appear to be charac
terized by m ales w ith  a t least some portion of thoracic 
s tern ite  8 visible la te ra l to the abdom en (Fig. 2C-F).

In addition, represen tatives of th is fam ily lack the 
d istinct subterm inal, calcareous tooth found on the 
dactylus of the  la s t w alking leg of Am erican xanthids 
(Fig. 3B, C).
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F ig u re  3. Stylized drawing of the dactylus of the 5th 
pereopod. A, typical American xanthid; B, typical 
panopeid; C, typical pseudorhombilid. Arrow indicates dis
tinct, subterminal, calcareous tooth.

Panopeidae
R epresentatives of Panopeidae s.s. are  un ited  by 
having a G I w ith  a trifid arrangem ent d istally  
(Fig. 4C, D). In  addition it appears th a t m ost panopeid 
lineages have undergone a narrow ing of the  male 
thoracic sternum . As a resu lt of th is narrow ing, 
an terior portions of the  sternum  are relatively 
long and narrow  (length/w idth > 0.60) (Fig. 5A, B). 
A lthough there  are several exceptions (e.g. Malacoplax 
californiensis and Cyrtoplax spinidentata), it appears 
th a t a narrow ing of the  an terior h a lf  of the  male 
thoracic sternum  serves to quickly separate  m ost 
represen tatives of Panopeidae from representatives of 
Pseudorhom bilidae.

Pseudorhom bilidae
M ale represen tatives of Pseudorhom bilidae appear to 
share  several a ttrib u tes  including a G I w ith  a convo
luted, vaguely folious apex (Fig. 4A, B) and a thoracic 
sternum  th a t is relatively broad and short in  the 
an terior portions (length/w idth < 0.60) (Fig. 5C, D). 
The coxo-sternal condition offers num erous character 
sta tes in  the  fam ily Pseudorhom bilidae, w ith  tra n s i
tional p a tte rn s  and a fully developed penis protection 
in  some tax a  (coxo-sternal disposition) (Guinot, 
Tavares & Castro, 2013). For example, Bathyrhom bila  
Hendrickx, 1998 (Hendrickx, 1998: 639, fig. 2B) shows 
a plesiomorphic condition, w hereas the condition 
varies w ith in  the  genus Pseudorhombila  itself, 
depending on the  degree of connection betw een tho
racic stern ites 7 and 8, which are  not completely joined 
in  P. xanthiform is  (see H endrickx 1995: fig. 1C) bu t 
completely joined in  P. octodentata  (Rathbun, 1906) 
(Guinot, 1969c: 113; H endrickx 1995: fig. 1A), and 
P. quadridentata  (Latreille, 1828). A lthough there 
appear to be a few taxa  th a t have a thoracic sternum

more typical of panopeids (e.g. N anoplax xanthiform is, 
Thalassoplax angusta, Micropanope sculptipes, and 
Garthiope spinipes), the  morphology of the  first 
gonopod appears to be a reliable character in  d istin 
guishing represen tatives of the  group.

CONCLUSIONS
The p resen t phylogenetic analyses of p artia l 
sequences of six genes (i.e. th ree  m itochondrial and 
th ree  nuclear) indicate th a t the  superfam ily 
X anthoidea is monophyletic. However, it  appears th a t 
represen tatives of the  group are  in  need of detailed 
system atic revision a t all levels (i.e. species to family). 
In  particular, all th ree  families (i.e. X anthidae, 
Panopeidae, and Pseudorhom bilidae) are recovered as 
not monophyletic, as are  m any of the nom inal sub
families and genera.

Morphologically, X anthoidea rem ains problematic 
w ith  the characters useful in  delineating  the major 
families rem aining elusive. We have here suggested 
th a t w idth of the  m ale abdom en relative to the tho
racic sternum , relative proportions of the anterior 
thoracic sternum , and shape of the  first gonopod m ay 
prove useful characters for separations; however, 
there  are  a num ber of exceptions to group definitions 
based upon these characters. In  addition, all of the 
characters th a t we have thu s far uncovered are found 
only in  m ales of the  groups, w ith  the exception of the 
subterm inal, raptorial, calcareous tooth on the 
dactylus of the  last w alking leg (P5) found in  most 
Am erican xanthids. As additional tax a  are  added to 
th is analysis, morphological characters useful in 
grouping both m ales and females m ay be discovered.

While th is  work provides a foundation for fu ture 
revision of the  group, prelim inary  morphological 
analyses have in  m any cases proven incongruent w ith 
our data . C haracters trad itionally  used in  the  group, 
such as those of the  carapace, m odalities of penis 
protection, chelipeds, and th ird  m axillipeds, have 
thus far proven to be unreliable in  delineating m any 
of the clades inferred from genetic data . Before sys
tem atic revision of the  group can be undertaken, 
detailed morphological exam inations are  necessary to 
determ ine which, if  any, characters are  congruent 
w ith  the  outcomes of m olecularly based phylogenetic 
analyses.
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F ig u re  4. Apex of the first gonopod (first male pleopod). A, Pseudorhombila quadridentata (ULLZ 9326); B, Chacellus 
filiformis (ULLZ 12296); C, Panopeus herbstii (ULLZ 8457); D, Rhithropanopeus harrisii (ULLZ 3995). Arrows and lines 
indicate measurements taken for preliminary morphometric analyses of sternal proportions.
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F ig u r e  5. Ventral view of the anterior portion of the tho
racic sternum. A, Panopeus herbstii (ULLZ 8457); B, 
Rhithropanopeus harrisii (ULLZ 3995); C, Pseudorhombila 
quadridentata (ULLZ 9326); D, Chacellus filiformis (ULLZ 
12296). Lines in A indicate the length and width dimensions 
of the anterior portion of the thoracic sternum.

REFERENCES
A bele LG, K im  W. 1989. The decapod crustaceans of the 

Panam a Canal. Sm ithsonian Contributions to Zoology 482: 
1-50.

A hyong  ST, W ilkens SL. 2011. Aliens in the Antipodes: 
non-indigenous m arine crustaceans of New Zealand and 
Australia. In: Galil B, Clark PF, Carlton JT, eds. In  the 
wrong place -  alien marine crustaceans: distribution, biology 
and impacts. F rankfurt: Springer Science, 451-485.

A lcock A. 1894. N atural history notes from H.M. Indian 
M arine Survey Steam er ‘Investigator,’ Commander R.F. 
Hoskyn, R.N., late commanding. -  Series II., No. 1. On the 
result of deep-sea dredging during the season 1890-1891 
(concluded). The Annals and Magazine o f N atural H istory, 
Series 6 13: 225-245, 321-334, 400-411.

A lcock A. 1898. M aterials for a carcinological fauna of 
India. No. 3. The B rachyura Cyclometopa. P art I. The 
family Xanthidae. Journal o f the Asiatic Society o f Bengal 
67: 67-233.

A lcock A. 1900. M aterials for a carcinological fauna of India. 
No. 6. The B rachyura Catometopa, or Grapsoidea. Journal 
o f the Asiatic Society o f Bengal 69: 279-456.

A p a k u p a k u l K, S id d a ll ME, B u rre s o n  EM. 1999.
Higher level relationships of leeches (Annelida: Clitellata: 
Euhirudinea) based on morphology and gene sequences. 
Molecular Phylogenetics and Evolution 12: 350-359.

B alss  H. 1957. Decapoda. VIII. Systematik. In: Bronn HG, ed. 
Klassen und Ordnungen des Tierreichs. Fünfter Band, 1. 
Abteilung, 7. Buch, 12. Lieferung. Leipzig: Akademische 
Verlagsgesellschaft, Geest & Portig K-G, 1505-1672. 

B e n e d ic t JE . 1892. Decapod C rustacea of Kingston Harbor. 
John Hopkins University Circulars 11: 77.

B e n e d ic t JE , R a th b u n  M J. 1891. The genus Panopeus. 
Proceeding o f the United States National Museum  14: 355- 
385. pis. 319-324.

B osch i EE. 1979. Geographie distribution of A rgentinian 
m arine decapod crustaceans. Bulletin o f the Biological 
Society o f Washington 3: 134-143.

B ro c k e rh o ff  A, M cLay CL. 2011. Human-m ediated spread 
of alien crabs. In: Galil B, Clark PF, Carlton JT, eds. In  the 
wrong place -  alien marine crustaceans: distribution, biology 
and impacts. F rankfurt: Springer Science, 27-106.

B u h ay  JE , M oni G, M ann  N, C ra n d a ll KA. 2007. Molecular 
taxonomy in the dark: evolutionary history, phylogeography, 
and diversity of cave crayfish in the subgenus Aviticam barus, 
genus Cambarus. Molecular Phylogenetics and Evolution  42: 
435-438.

C a rlto n  JT , E ld re d g e  LG. 2009. M arine bioinvasions of 
Hawai’i. The introduced and cryptogenic m arine and estua- 
rine anim als and plants of the H awaiian Archipelago. 
Bishop M useum Bulletins in Cultural and Environmental 
Studies 4: 1-202.

C as tro  P . 2007. A reappraisal of the family Goneplacidae 
MacLeay, 1838 (Crustacea, Decapoda, Brachyura) and 
revision of the subfamily Goneplacinae, w ith the description 
of 10 new genera and 18 new species. Zoosysterna 29: 
609-774.

C as tro  P . 2011. Catalog of the anom uran and brachyuran 
crabs (Crustacea: Decapoda: Anomura, Brachyura) of the 
H awaiian Islands. Zootaxa 2947: 1-154.

C as tro  P , G u in o t D, N g PK L. 2010. A new family 
for Sotoplax robertsi Guinot, 1984, w ith a key to the 
Goneplacoidea (Crustacea: Decapoda: Brachyura). Zootaxa 
2356: 36-56.

C as tro  P , N g PK L. 2008. Rhadinoplax , a new genus of 
Progeryonidae Stevcic, 2005, for Carcinoplax micro
phthalm us  Guinot & Richer de Forges, 1981, and a 
redescription of Paragalene longicrura (Nardo, 1868) 
(Crustacea: Decapoda: Brachyura: Goneplacoidea). Zootaxa 
1777: 53-68.

C as tro  P , N g PK L. 2010. Revision of the family Euryplaci
dae Stimpson, 1871 (Crustacea: Decapoda: Brachyura: 
Goneplacoidea). Zootaxa 2375: 1-130.

C hace  FA J r .  1939. Reports on the scientific results of the 
first A tlantis Expedition to the West Indies, under the joint 
auspices of the University of H avana and H arvard Univer
sity prelim inary descriptions of one new genus and seven
teen new species of decapod and stomatopod Crustacea. 
Memorias de la Sociedad Cubana de Historia N atural 13:
31-54.

C ra n d a ll KA, F itz p a tr ic k  J F , J r .  1996. Crayfish molecular 
systematics: using a combination of procedures to estim ate 
phylogeny. Systematic Biology 45: 1-26.

C ra n e  J .  1947. E astern  Pacific Expeditions of the New York 
Zoological Society. XXXVIII. In tertidal brachygnathous 
crabs from the West Coast of Tropical America w ith special 
reference to ecology. Zoologica; Scientific Contributions o f 
the New York Zoological Society 32: 69-95.

D an a  JD . 1851. Conspectus Crustaceorum quæ in Orbis 
Terrarum  circumnavigatione, Carolo Wilkes e Classe

© 2013 The Linnean Society of London, Zoological Journal o f the Linnean Society, 2014, 170, 86-109



EVOLUTION OF AMERICAN XANTHOID CRABS 105

Reipublicae Fœ deratæ  Duce, lexit et descripsit. Proceedings 
o f the Academy o f N atural Sciences o f Philadelphia  5: 247- 
254.

D av ie  P J F . 2002. Crustacea: Malacostraca: Eucarida (Part 
2): Decapoda -  Anomura, Brachyura. In: Wells A, Houston 
WWK, Eds. Zoological Catalogue o f Australia. Volume 
19.3B. Melbourne: CSIRO Publishing.

D e G rav e  S, P en tcheffi ND, A hyong  ST, C h an  T-Y, 
C ra n d a ll KA, D w o rsch ak  PC , F e ld e r  DL, F e ld m a n n  
RM, F ra n s e n  C H JM , G o u ld in g  LYD, L e m a itre  R, Low  
MEY, M a rtin  JW , N g PK L, S c h w e itz e r  CE, T an SH, 
T sh u d y  D, W etzer R. 2009. A classification of living and 
fossil genera of decapod crustaceans. The Raffles Bulletin o f 
Zoology 21: 1-109.

D esb o n n e  I, S ch ram m  A. 1867. Crustacés de la Guadeloupe 
d ’après un manuscrit du docteur Isis Desbonne, comparé 
avec les échantillons de crustacés de sa collection et les 
dernières publications de MM. Henri de Saussure et William  
Stimpson, l re Partie Brachyures. Basse-Terre: Imprimerie 
Du Gouvernment.

E d m o n d so n  CH. 1931. New crustaceans from Kauai, Oahu 
and Maui. Occasional papers o f Bernice P. Bishop Museum  
9: 1-18. PI 11-14.

E d m o n d so n  CH. 1962. X anthidae of Hawaii. Occasional 
Papers o f Bernice P. Bishop M useum  22: 215-309.

F a b r ic iu s  JC . 1781. Species Insectorum exhibentes forum  
Differentias specificus, Sinónim a auctorum, Loca Natalia, 
Metamorphosin adiectis Observationibus, Descriptionibus. 
Hafniae: Ham burgi et Kolonii.

F e ld e r  DL, A lvarez  F , G oy JW , L e m a itre  R. 2009. Decapoda 
(Crustacea) of the Gulf of Mexico, w ith comments on the 
Amphionidacea. In: Felder DL, Camp DK, eds. G ulf o f Mexico 
origin, waters, and biota Volume 1, Biodiversity. College 
Station, TX: Texas A&M U niversity Press, 1019-1104.

F e ld e r  DL, M a rtin  JW . 2003. Establishm ent of a new genus 
for Panopeus bermudensis Benedict and Rathbun, 1891 and 
several other xanthoid crabs from the A tlantic and Pacific 
oceans (Crustacea: Decapoda: Xanthoidea). Proceedings o f 
the Biological Society o f Washington 116: 438-452.

F e ld e r  DL, T h o m a B P. 2010. Description of Etisus guinotae 
n. sp., and discussion of its recent discovery in the Gulf of 
Mexico (Brachyura, Decapoda, Xanthidae). In: Castro P, 
Davie PJF, Ng PKL, Richer de Forges B, eds. Studies on 
Brachyura: a homage to Daniele Guinot, Crustacean Mono
graphs 11. Leiden: Brill, 117-138.

F o lm e r O, B lack  M, H oeh  W, L u tz  R, V rijen h o ek  R. 
1994. DNA prim ers for amplification of mitochondrial 
cytochrome c oxidase subunit I from diverse metazoan 
invertebrates. Molecular Marine Biology and Biotechnology 
3: 294-299.

F o re s t  J ,  G u in o t D. 1961. Crustacés Décapodes Brachyoures 
de Tahiti et des Tuamotu Expédition Français sur les Récifs 
Coralliens de la Nouvelle-Calédonie. Paris: Editions de la 
Fondation Singer-Polignac, 1-195.

F ro g lia  C, S p e ra n z a  S. 1993. F irst record of Dyspanopeus 
sayi (Smith, 1869) in the M editerranean Sea (Crustacea: 
Decapoda: Xanthidae). Quaderni dell’Istituto Ricerche Pesca 
Marittima, Ancona 5: 163-166.

G alil B, F ro g lia  C, N oël P . 2002. Crustaceans: decapods 
and stomatopods. In: Briand F, ed. CIESM  A tlas o f Exotic 
Species in the Mediterranean. Vol. 2 Monaco: CIESM 
Publishers.

G a r th  J S . 1939. New brachyuran crabs from the Galapagos 
Islands. A llan Hancock Pacific Expeditions 5: 1-49.

G a r th  JS . 1940. Some new species of brachyuran crabs from 
Mexico and the C entral and South American mainland. 
A llan Hancock Pacific Expeditions 5: 53-127.

G ou ld  AA. 1841. Report on the invertebrata o f Massachusetts: 
comprising the Mollusca, Crustacea, Annelida, and Radiata. 
Cambridge, MA: Folsom, Wells, and Thurston.

G u in o t D. 1967. Recherches prélim inaires sur les 
groupem ents naturels chez les Crustacés Décapodes
Brachyoures. II. Les anciens genres Micropanope Stimpson 
et Medaeus Dana. Bulletin du M uséum national d ’Histoire 
naturelle, Paris, 2e série 39: 345-374.

G u in o t D. 1969a-c. Recherches prélim inaires sur les 
groupem ents naturels chez les Crustacés Décapodes
Brachyoures. VII. Les Goneplacidae. Bulletin du Muséum  
national d ’Histoire naturelle, sér 2: 241-265. [1969a]; 507- 
528 [1969b]; 688-724 [1969c],

G u in o t D. 1971. Recherches prelim inaries sur les 
groupem ents naturels chez les Crustacés Décapodes
Brachyoures VIII. Synthèse et bibliographie. Bulletin du 
M uséum national d ’Histoire naturelle, Paris, 2e série 42: 
1063-1090.

G u in o t D. 1978. Principes d’une classification évolutive des 
Crustacés Décapodes Brachyoures. Bulletin Biologique de la 
France et de la Belgique (n. s.) 112: 209-292.

G u in o t D. 1990. Établissem ent du genre Garthiope gen. nov., 
ses relations avec le genre Coralliope Guinot, 1967, et leurs 
affinités avec les Trapeziidae sensu lato (Crustacea 
Decapoda Brachyura). Bulletin du M uséum national 
d ’Histoire naturelle, Section A, Zoologie, Biologie et Ecologie 
Animales, Paris, 4e série 12: 469-487.

G u in o t D, T av a re s  M, C a s tro  P . 2013. Significance of 
the sexual openings and supplem entary structures on 
the phylogeny of brachyuran crabs (Crustacea, Decapoda, 
Brachyura), w ith new nomina for higher-ranked podotreme 
taxa. Zootaxa 3665: 1-414.

H aseg aw a  M, K ish in o  H, Yano T-A. 1985. D ating of the 
hum an-ape splitting by a molecular clock of mitochondrial 
DNA. Journal o f Molecular Evolution  22: 160-174.

H asw ell WA. 1882. Catalogue o f the Australian stalk- and  
sessile-eyed Crustacea. Sydney: A ustralian Museum.

H e n d ric k x  ME. 1995. Restitution de Pseudorhombila 
xanthiformis G arth, 1940, pour Nanoplax garthi Guinot, 
1969 (Decapoda, Goneplacidae). Crustaceana 68: 12-20.

H e n d ric k x  ME. 1998. A new genus and species of 
‘goneplacid-like’ brachyuran crab (Crustacea: Decapoda) 
from the Gulf of California, Mexico, and a proposal for the 
use of the family Pseudorhombilidae Alcock, 1900. Proceed
ings o f the Biological Society o f Washington 111: 634-644.

H e rb s t J .  1782-1804. Versuch einer natu ¡geschickte der 
Krabben und Krebse, nebst einer systematischen 
Beschreibung ihrer verschiedenen Arten. 3. Berlin and 
Stralsund: Bei Gottlieb August Lange.

© 2013 The Linnean Society of London, Zoological Journal o f the Linnean Society, 2014, 170, 86-109



106 B. P. THOMA ETAL.

H e w itt MA. 2004. Crustacea (excluding Cirripedia) of the 
Dampier Archipelago, W estern A ustralia. Records o f the 
Western Australian Museum  S u p p le m e n t 66: 169-219.

H u e lse n b e c k  J P ,  R o n q u is t F . 2001. MrBayes: Bayesian 
inference of phylogenetic trees. Bioinformati.es 17: 754-755.

K a ra sa w a  H, K ato  H. 2003. The family Goneplacidae 
MacLeay, 1838 (Crustacea: Decapoda: Brachyura): system- 
atics, phylogeny, and fossil records. Paleontological Research 
7: 129-151.

K a to h  K, K um a K, Toh H, M iy a ta  T. 2005. MAFFT version 
5: improvement in accuracy of multiple sequence alignment. 
Nucleic Acids Research 33: 511-518.

K a to h  K, Toh H. 2008. Improved accuracy of m ultiple ncRNA 
alignment by incorporating structural information into a 
MAFFT-based framework. BMC Bioinformatics 9: 212.

K in a h a n  JR . 1856. Remarks on the habits and distribution 
of m arine Crustacea on the eastern  shores of Port Philip, 
Victoria, A ustralia, w ith descriptions of undescribed species 
and genera. The Journal o f the Royal Dublin Society 1: 
111-134.

L ai JC Y , M endoza  JC E , G u in o t D, C la rk  P F , N g PKL. 
2011. Xanthidae MacLeay, 1838 (Decapoda: Brachyura: 
Xanthoidea) systematics: a multi-gene approach w ith 
support from adult and zoeal morphology. Zoologischer 
Anzeiger -  A  Journal o f Comparative Zoology 250: 407- 
448.

L ai JCY , T h o m a B P, C la rk  P F , F e ld e r  DL, N g PKL. 
2014. Phylogeny of eriphioid crabs (Brachyura, Eriphioidea) 
inferred from molecular and morphological studies. 
Zoologica Scripta  43: 52-64.

L asley  R, L ai J ,  T h o m a B. 2013. Anew genus for Chlorodiella 
longimana (H. Milne Edwards, 1834) supported by morphol
ogy and molecular data, w ith a prelim inary phylogeny of the 
Chlorodiellinae (Crustacea: Decapoda: Xanthidae). Inver
tebrate Systematics 27: 379-390.

L a tre ille  PA. 1825-1828. Histoire Naturelle. Entomologie, ou 
Histoire naturelle des Crustacés, des Arachnides et des 
Insectes. Paris: Agasse Im prim eur-Libraire.

L each  WE. 1814. Crustaceology. In: Webster D, ed. The 
Edinburgh encyclopaedia. Edinburgh: Balfour, 383-437.

L o ck in g to n  WN. 1877a. Rem arks on the Crustacea of the 
Pacific coast, w ith descriptions of some new species. Pro
ceedings o f the California Academy o f Sciences 7: [fo r 1876]: 
28-36.

L o ck in g to n  WN. 1877b. Remarks on the Crustacea of the 
w est coast of N orth America, w ith a catalogue of the species 
in  the Museum of the California Academy of Sciences. 
Proceedings o f the California Academy o f Sciences 7: [for 
1876]: 94-108.

Low  ME, M o n ag h an  NT, H o lm es JM C . 2012. The
B rachyura described by John Robert K inahan’s over
looked authorship of the family-group name Litocheiridae 
(Crustacea: Decapoda). Zootaxa 3559: 44-52.

M acL eay  WS. 1838. On the brachyurous decapod Crustacea 
brought from the Cape by Dr. Smith. In: Sm ith A, ed. 
Illustrations o f the Annulosa o f South Africa; being a portion 
o f the objects o f natural history chiefly collected during an 
expedition into the interior o f South Africa, under the direc

tion o f Dr. Andrew Sm ith, in the years 1834, 1835. and  
1836; fitted out by ‘The Cape o f Good Hope Association for 
Exploring Central A frica’. London: Smith, Elder, and Co, 
53-71.

M an n in g  RB, H o lth u is  LB. 1981. West African brachyuran 
crabs (Crustacea: Decapoda). Sm ithsonian Contributions to 
Zoology 306: iii-xii. 1-379.

M a rtin  JW , A bele LG. 1986. Notes on male pleopod morphol
ogy in the brachyuran crab family Panopeidae Ortm ann, 
1893, sensu Guinot (1978) (Decapoda). Crustaceana 50: 182- 
198.

M a rtin  JW , D av is GE. 2001. An updated classification of the 
Recent Crustacea. N atural H istoiy M useum o f Los Angeles 
County, Science Series 39: 1-124.

M edlin  L, E lw ood  H J, S tick e l S, Sog in  ML. 1988. The 
characterization of enzymatically amplified eukaryotic 16s- 
like rRNA-coding regions. Gene 71: 491-499.

M endoza  JC E , C h o n g  VC, N g PK L. 2009. A new xanthid 
crab of the genus Medaeops. Guinot, 1967, from Peninsular 
Malaysia, w ith a note on Leptodius granulosus Haswell, 
1882 (Crustacea: Decapoda: Brachyura: Xanthidae).
Zootaxa 2297: 44-54.

M endoza  JC E , C la rk  P F , N g PK L. 2012. The identity 
of Pilumnoplax acanthomerus Rathbun, 1911 (Crustacea: 
Decapoda: Brachyura: Xanthidae), w ith new records from 
the central and w estern Pacific. In: N aruse T, Chan T-Y, 
Tan HH, Ahyong ST, Reimer JD, eds. Scientific results of 
the Marine Biodiversity Expedition -  KUM EJIM A 2009, 
Zootaxa 3367. Auckland: Magnolia Press, 211-221.

M endoza  JC E , G u in o t D. 2011. Revision of the genus 
Glyptoxanthus A. Milne-Edwards, 1879, and establishm ent 
of Glyptoxanthinae nov. subfam. (Crustacea: Decapoda: 
Brachyura: Xanthidae). Zootaxa 3015: 29-51.

M ille r MA, P fe iffe r  W, S c h w a rtz  T. 2010. Creating the 
CIPRES Science Gateway for inference o f large phylogenetic 
trees. Gateway Computing Environm ents Workshop GCE 
2010 . 1- 8 .

M ilne E d w a rd s  H. 1834. Histoire naturelle des Crustacés, 
comprenant l ’anatomie, la physiologie et la classification de 
ces animaux. 1. Paris: Librairie Encyclopédique de Roret.

M ilne E d w a rd s  H. 1837. Histoire naturelle des Crustacés, 
comprenant l ’anatomie, la physiologie et la classification de 
ces anim aux. Paris: Im prim erie et Fonderie de Fain.

M ilne E d w a rd s  H. 1852. Observations sur les affinités 
zoologiques et la classification naturelle des Crustacés. De 
la famille des Ocypodides (Ocypodidae). Second Mémoire. 
Annales des Sciences Naturelles, 3e série 18: 128-166.

M ilne E d w a rd s  H, L u cas  H. 1842-1844. Crustacés. In: 
D’Orbigny A, ed. Voyage dans l ’Amérique méridionale (le 
Brésil, la République orientale de l ’Uruguay, la République 
Argentine, la Patagonie, la République du Chili, la 
République de Bolivia, la République du Pérou), exécutée 
pendant les années 1826, 1827, 1828, 1829, 1830, 1831, 
1832 et 1833. Paris, Strasbourg: P. Bertrand, Vve Levrault, 
1-37.

M iln e -E d w ard s A. 1867. Descriptions de quelques espèces 
nouvelles de Crustacés Brachyures. Annales de la Société 
entomologique de France, 4e série 7: 263-288.

© 2013 The Linnean Society of London, Zoological Journal o f the Linnean Society, 2014, 170, 86-109



EVOLUTION OF AMERICAN XANTHOID CRABS 107

M iln e -E d w ard s  A. 1870. Note sur le Catoptrus nouveau 
genre appartenan t à la division des Crustacés Brachyures 
Catométopes. Annales des Sciences Naturelles, 5e série 13: 
82.

M iln e -E d w ard s  A. 1873-1880. É tudes sur les Xiphosures 
et les Crustacés de la région mexicaine. In: Mission 
scientifique au Mexique et dans VAmérique centrale. 
Recherches zoologiques. Cinquième partie. Paris: Imprimerie 
Nationale.

M iln e -E d w ard s  A. 1878. Description de quelques espèces 
nouvelles de Crustacés provenant du voyage aux îles du 
Cap-Vert de MM. Bouvier et de Cessac. Bulletin de la 
Société Philomathique de Paris 7: 225-232.

M iln e -E d w ard s  A. 1880. Reports on the results of dredging, 
under the supervision of Alexander Agassiz, in the Gulf 
of Mexico, and in the Caribbean Sea, 1877, '78, '79, by the 
United States Coast Survey Steam er ‘Blake,’ L ieut.- 
Commander C.D. Sigsbee, U.S.N., and Commander J.R. 
B artlett, U.S.N., commanding. VIII. Études prélim inaires 
sur les Crustacés. Bulletin o f the Museum o f Comparative 
Zoology at Harvard College 8: 1-68.

N ay lo r E. 1960. A N orth American xanthoid crab new to 
Britain. Nature  187: 256-257.

N g P , M an u e l-S an to s  M. 2007. E stablishm ent of the 
Vultocinidae, a new family for an  unusual new genus and 
new species of Indo-West Pacific crab (Crustacea: Decapoda: 
Brachyura: Goneplacoidea), w ith comments on the tax 
onomy of the Goneplacidae. Zootaxa 1558: 39-68.

N g PK L, G u in o t D, D avie  P J F . 2008. Systema 
Brachyurorum: p art I. An annotated checklist of extant 
brachyuran crabs of the world. The Raffles Bulletin o f 
Zoology S u p p le m e n t 17: 1-286.

N g PK L, H o lth u is  LB. 2007. Etisus H. Milne Edwards, 1834 
and Chlorodiella Rathbun, 1897 (Crustacea, Decapoda, 
Brachyura): proposed conservation of the generic nam es by 
suppression of the generic name Clorodius A. G. Desmarest, 
1823. Bulletin o f Zoological Nomenclature 64: 19-24.

N y la n d e r  JA A. 2004. MrAIC.pl. [Computer software]. 
Program distributed by the author. Uppsala: Evolutionary 
Biology Centre, Uppsala University.

O rtm a n n  AE. 1893. Die Decapoden-Krebse des Strassburger 
Museums, m it besonderer Berücksichtigung der von H errn 
Dr. Döderlein bei Japan  und  bei den Liu-Kiu-Inseln 
gesam melten und zur Zeit im S trassburger Museum 
aufbew ahrten Formen. VII. Theil. Abtheilung: Brachyura 
(Brachyura genuina Boas) II. Unterabtheilung: Cancroidea, 
2. Section: Cancrinea, 1. Gruppe: Cyclometopa. Zoologische 
Jahrbücher, Abtheilung für Systematik, Geographie, und  
Biologie der Thiere 7: 411-495.

O v e rs tre e t  RM, H e a rd  RW. 1978. Food of the Atlantic 
Croaker, Micropogonias undulatus, from Mississippi Sound 
and the Gulf of Mexico. G ulf Research Reports 6: 145-152.

P a lu m b i SR, B enz ie  J .  1991. Large mitochondrial DNA 
differences between morphologically sim ilar Penaeid 
shrimp. Molecular Marine Biology and Biotechnology 1: 
27-34.

P e tr e s c u  A-M, K ra p a l A-M, P o p a  O, Io rg u  E , P o p a  L. 
2010. Xenodiversity of decapod species (Crustaceea:

Decapoda: Reptantia) from the Romanian w aters. Travaux 
du Muséum National d ’Histoire Naturelle ‘Grigore A n tipa ’ 
53: 91-101.

P o u p in  J .  2003. Crustacea Decapoda and Stomatopoda of 
E aster Island and surrounding areas. A documented check
list w ith historical overview and biogeographic comments. 
Atoll Research Bulletin  500: 1-50.

R afin esq u e  CS. 1815. Analyse de la Nature, ou Tableau de 
l ’Univers et des Corps Organisés. Palermo: L’Im prim erie de 
Jean  Barravecchia.

R a th b u n  M J. 1893. Scientific results of explorations by 
the U.S. Pish Commission steam er Albatross. No. XXIV. -  
Descriptions of new genera and species of crabs from the 
west coast of N orth America and the Sandwich Islands. 
Proceedings o f the United States National Museum  16: 223- 
260.

R a th b u n  M J. 1894. Descriptions of a new genus and four 
new species of crabs from the Antillean Region. Proceedings 
o f the United States National M useum  17: 83-86.

R a th b u n  M J. 1898. The B rachyura of the biological expedi
tion to the Florida Keys and the Baham as in  1893. Bulletin  
from the Laboratories o f N atural History, State University of 
Iowa 4: 250-294.

R a th b u n  M J. 1901. The Brachyura and M acrura of Porto 
Rico. Bulletin o f the United States Fish Commission 20: [for 
1900]: 1-127.

R a th b u n  M J. 1906. Description of a new crab from Domi
nica, West Indies. Proceedings o f the Biological Society of 
Washington 19: 91-92.

R a th b u n  M J. 1907. Reports on the scientific results of the 
expedition to the tropical Pacific, in  charge of Alexander 
Agassiz, by the U.S. Pish Commission steam er ‘Albatross,’ 
from August, 1899, to March, 1900, Commander Jefferson P. 
Moser, U.S.N., commanding. IX. Reports on the scientific 
results of the expedition to the eastern  tropical Pacific, in 
charge of Alexander Agassiz, by the U.S. P ish Commission 
steam er ‘Albatross,’ from October, 1904, to March, 1905, 
Lieut.-Commander L.M. G arrett, U.S.N., commanding. X: 
the Brachyura. Memoirs o f the M useum o f Comparative 
Zoology at H arvard College 35: 25-74.

R a th b u n  M J. 1911. The Percy Sladen Trust expedition to
the Indian Ocean in  1905, U nder the leadership of Mr. J. 
Stanley Gardiner. Volume III. No. XI. M arine Brachyura. 
T'ansactions o f the Linnean Society o f London, series 2, 
Zoology 14: 191-261.

R a th b u n  M J. 1914. New genera and species of American 
brachyrhynchous crabs. Proceedings o f the United States 
National Museum  47: 117-129.

R a th b u n  M J. 1918. The grapsoid crabs of America. Bulletin  
o f the United States National M useum  97: 1-461.

R a th b u n  M J. 1921. The brachyuran crabs collected by
the American Museum Congo Collection, 1909-1915. 
Bulletin o f the American Museum o f N atural History 43: 
379-484.

R a th b u n  M J. 1930. The cancroid crabs of America of the 
families Euryalidae, Portunidae, Atelecyclidae, Cancridae, 
and Xanthidae. Bulletin o f the United States National 
Museutn  152: 1-609.

© 2013 The Linnean Society of London, Zoological Journal o f the Linnean Society, 2014, 170, 86-109



108 B. P. THOMA ETAL.

R a th b u n  M J. 1933. Descriptions of new species of crabs from 
the Gulf of California. Proceedings o f the Biological Society 
o f Washington 46: 147-150.

R eam es RC, W illiam s AB. 1983. Mud crabs of the Panopeus 
herbstii H. M. Edw., s.l., complex in Alabama, U.S.A. 
Fishery Bulletin  81: 885-890.

R o d ríg u ez  F , O liv e r JL , M arin  A, M ed in a  JR . 1990. The 
general stochastic model of nucleotide substitution. Journal 
o f Theoretical Biology 142: 485-501.

S ak a i T. 1976. Crabs o f Japan and the adjacent seas. Tokyo: 
Kodansha Ltd.

S am o u elle  G. 1819. The entomologist’s useful compendium; or 
an introduction to the knowledge o f British insects, compris
ing the best means o f obtaining and preserving them, and a 
description o f the apparatus generally used; together w ith the 
genera o f Linné, and the modern method o f arranging the 
classes Crustacea, Myriapoda, Spiders, Mites and Insects, 
from  their affinities and structure, according to the views of 
Dr. Leach. Also an explanation o f the terms used in entomol
ogy; a calendar o f the times o f appearance and usual situa
tions o f near 3,000 species o f British insects; w ith instructions 
for collecting and fitting up objects for the microscope. 
London: R. and A. Taylor.

S a u s s u re  H. 1857. Diagnoses de quelques Crustacés nou
veaux de l’Amérique tropicale. Revue et Magasin de Zoologie 
pure et appliquée, série 2 9: 501-505.

Say  T. 1817-1818. An account of the Crustacea of the United 
S tates. Journal o f the Academy o f N atural Sciences. Phila
delphia 1: 57-63. 65-80 (plate 54), 97-101, 155-169, 235- 
253, 313-319, 374-401, 423-441.

S c h u b a r t  CD, C u e s ta  JA , F e ld e r  DL. 2002. 
Glyptograpsidae, a new brachyuran family from Central 
America: larval and adult morphology, and a molecular 
phylogeny of the Grapsoidea. Journal o f Crustacean Biology 
22: 28-44.

S c h u b a r t  CD, N eigel J E , F e ld e r  DL. 2000. A molecular 
phylogeny of mud crabs (Brachyura: Panopeidae) from the 
northw estern A tlantic and the role of morphological stasis 
and convergence. Marine Biology 137: 11-18.

S e ré n e  R. 1968. The Brachyura o f the Inda Pacific 
Region Prodromus for a check list o f the non-planctonic 
marine fauna o f South E ast Asia. Singapore: Special Pub
lication of the Singapore N ational Academy of Science, 
33-120.

S e ré n e  R . 1984. Crustacés Décapodes Brachyoures de 
l’Océan Indien Occidental et de la M er Rouge, Xanthoidea: 
X anthidae et Trapeziidae. Avec u n  addendum p ar Crosnier, 
A.: Carpiliidae et Menippidae. Faune T'opicale 24: 1- 
349.

S m ith  SI. 1869. Notice of the Crustacea collected by Prof. C. 
P. H artt on the coast of Brazil in 1867. T'ansactions o f the 
Connecticut Academy o f A rts and Sciences 2: 1-41.

S m ith  SI. 1870. Notes on American Crustacea. No. I. 
Ocypodoidea. T'ansactions o f the Connecticut Academy of 
Arts and Sciences 2: 113-176.

S ta m a ta k is  A. 2006. RAxML-VI-HPC: Maximum likelihood- 
based phylogenetic analyses w ith thousands of taxa and 
mixed models. Bioinformatics 22: 2688-2690.

S tevcic  Z. 2005. The reclassification of brachyuran crabs 
(Crustacea: Decapoda: Brachyura). N atura Croatica 14 
(Suppl. 1): 1-159.

S tevcic  Z. 2011. Addition to the reclassification of brachyuran 
crabs (Crustacea: Decapoda: Brachyura). P art I. New taxa. 
N atura Croatica 20: 125-139.

S tim p so n  W. 1859. Notes on N orth American Crustacea, 
No. 1. A nnals o f the Lyceum o f N atural History o f New York 
7: 49-93.

S tim p so n  W. 1860. Notes on N orth American Crustacea, 
in  the M useum of the Sm ithsonian Institution, No. II. 
A nnals o f the Lyceum o f N atural History o f New York 7: 
177-246.

S tim p so n  W. 1871a. Notes on N orth American Crustacea 
in  the Museum of the Smithsonian Institution. No. III. 
A nnals o f the Lyceum o f N atural History o f New York 10: 
92-136.

S tim p so n  W. 1871b. Prelim inary report on the Crustacea 
dredged in  the Gulf Stream  in the S traits of Florida by L.P. 
de Pourtales, Assist. U. S. Coast Survey. P art I. Brachyura. 
Bulletin o f the Museum o f Comparative Zoology at Harvard  
College 2: 109-160.

S u lliv an  B, M ille r K, S in g le to n  K, S c h e e r AG, W illiam s 
AB. 1983. Electrophoretic analyses of hemocyanins from 
four species of m ud crabs, genus Panopeus, w ith observa
tions on the ecology of P. obesus. Fishery Bulletin  81: 883- 
885.

S venson  G J, W h itin g  M F. 2004. Phylogeny of M antodea 
based on molecular data: evolution of a charism atic p reda
tor. Systematic Entomology 29: 359-370.

T h o m a B P, F e ld e r  DL. 2012. Redescription oí Hexapanopeus 
lobipes and its reassignm ent to Milnepanopeus n. gen. 
(Decapoda: Brachyura: Panopeidae). Journal o f Crustacean 
Biology 32: 141-152.

T h o m a B P, S c h u b a r t  CD, F e ld e r  DL. 2009. Molecular 
phylogeny of W estern Atlantic representatives of the 
genus Hexapanopeus (Decapoda: Brachyura: Panopeidae. 
In: M artin JW, Crandall KA, Felder DL, eds. Decapod 
crustacean phylogenetics. Boca Raton, FL: CRC Press, 551- 
565.

T san g  LM, C h an  T-Y, A hyong  ST, C h u  KH. 2011. Herm it 
to king, or herm it to all: m ultiple transitions to crab-like 
forms from herm it crab ancestors. Systematic Biology 60: 
1-14.

T ü rk a y  M. 1983. Georgeoplax, new genus for Litocheira 
glabra  Baker, 1906 (Crustacea: Decapoda: Brachyura). 
Memoirs o f the A ustralian M useum  18: 101-105.

T u rn e r  K, L y e rla  TA. 1980. Electrophoretic variation in 
sympatric m ud crabs from north  inlet, South Carolina. The 
Biological Bulletin  159: 418-427.

V ázq u ez -B ad er AR, G ra c ia  A. 1991. Euphrosynoplax 
campechiensis, new species (Crustacea, Decapoda, 
Brachyura, Goneplacidae) from the continental shelf of 
southwestern Gulf of Mexico. Bulletin du M uséum national 
d ’Histoire naturelle, Section A, Zoologie, Biologie et Ecologie 
Animales, Paris, 4e série 13: 433-438.

V ázq u ez -B ad er AR, G ra c ia  A. 1995. A new crab species 
of the genus Pseudorhombila H. Milne-Edwards, 1837

© 2013 The Linnean Society of London, Zoological Journal o f the Linnean Society, 2014, 170, 86-109



EVOLUTION OF AMERICAN XANTHOID CRABS 109

(Crustacea: Decapoda: Goneplacidae). Proceedings o f the 
Biological Society o f Washington 108: 254-265.

W illiam s AB. 1983. The mud crab, Panopeus herbstii, s. 1. 
partition into six species (Decapoda: Xanthidae). Fisheiy 
Bulletin  81: 863-882.

W illiam s AB. 1984. Shrimps, lobsters, and crabs o f the A tlan 
tic Coast o f the Eastern United States, Maine to Florida. 
Washington, DC: Sm ithsonian Institu tion  Press.

Wood-Mason J. 1892. Crustacea. Part I. Illustrations o f the 
Zoology o f the Royal Indian marine Surveying Steamer 
“Investigator.” Calcutta.

Zharkikh A. 1994. Estim ation of evolutionary distances 
between nucleotide sequences. Journal o f Molecular Evolu
tion 39: 315-329.

© 2013 The Linnean Society of London, Zoological Journal o f the Linnean Society, 2014, 170, 86-109


