












Phylogeny of Hexapanopeus 557 

Criterion (AlC). The maximum likelihood (ML) analyses were conducted using PhyML Online 
(Guindon et aL 2005) using the model parameters selected with free parameters estimated by 
PhyML. Confidence in the resulting topology was assessed using non-parametric bootstrap esti ­
mates (Felsenstein 1985) with 500 replicates. 

The Bayes ian (BAY) analyses were conducted in MrBayes (Huelsenbeck & Ronquist 2(01 ) 
with computations performed on the computer cluster of the CyberJnfrastructure for Phylogeneti c 
RESearch project (CIPRES) at the San Diego Supercomputer Center, using parameters selected 
by Modeltesl. A Markov Chain Monte Carlo (MCMC) algorithm with 4 chains and a tempera­
ture of 0.2 ran for 4,000,000 generations, sampling I tree every 1,000 generations. Preliminary 
analyses and observation of the log. likelihood (L) va lues allowed us to detennine burn-ins and 
stationary distri butions for the data. Once the values reached a plateau, a 50% majority rule con­
sensus tree was obtained from the remaining trees. Clade support was assessed with posterior 
probabililies (pP). 

3 RESULTS 

The ini tial sequence alignment of the l6S dataset. including gaps and primer regions, was 606 bp 
in length , while that of the 12S dataset was 384 bp in length . GBlocks was used to further refine 
the alignment , removing ambiguously aligned regions resulting in fin al alignments of 52 1 bp (86%) 
and 284 bp (74%) for 16S and 12S, respectively. Despite recent studies combining multiple loci 
into a single alignment (Ahyong & 0 ' Meally 2004, Porter et al. 2(05), we chose in this instance 
not to combine the datascts. The partition heterogeneity test or incongruence length difference test, 
as implemented in PAUP*, indicated that the combination of the two gene regions was significantly 
rejec ted (P = 0.0240). Furthermore, preliminary analys is of the combined dataset resulted in lower 
support for some of the tip branches than was the case in the single gene trees. This is due to different 
branching patterns ( 16S vs. 12S) at this level of the tree, which will be discussed later in this paper. 
This information would be lost in a combined tree. 

Application of the likelihood lests as implemented in Modellest revealed that the selected model 
of DNA substitution by AIC for the 16S dataset was HKY+i+G (Hasegawa et al. 1985) with an 
assumed proportion of invariable sites of 0.3957 and a gamma distri bution shape parameter of 
0.4975. The seleeled model for Ihe I2S dalasel was GTR+I+G (Rodriguez CI al. 1990) wilh an 
assumed proportion of invari able sites of 0.3228 .and a gamma distribution shape parameter of 
0.6 19 1. 

Phylogenetic relationships among 7 1 individuals representing 46 species of the Xanthoidea 
sellsu Martin & Davis (2001) were detennined us ing Bayesian and ML approaches for both the 
16S and 12S datasets. For the Bayesian analyses, the fi rst 1,000 trees were discarded as burn- in 
and the consensus tree was estimated using the remaining 3,000 trees (= 3 million generations). 
Topologies resulting from the Bayesian analyses o f both the 16S and 12S datasets were largely 
congruent (Figs. I and 2). A number of monophyletic clades are supported by both datasets, as 
fo llow: I) Acamholobullls bermudellsis, Acantholobulus schmitti, and Hexapallopeus caribbaells 
with pP ( 16S/ 12S) of 99n7 ,2) Hexapanopeus allgLlsrijrolls and Hexapallopeus pau/ellsis with pP of 
100199, 3) Eurypallopells depresslIs, Ell rypanopells dissimi/is, Dyspallopeus sayi, Neopanope 
packardii, and Rhithropanopeus harrisii with pP of 97/99, 4) Ew ypanopeus abbreviaw s and £ 11-
rypallopeus planissimus with pP of 99/87. In general, Bayes ian IX>sterior probabilities have been 
shown 10 be higher than the corresponding bootstrap values. but, in many cases, posterior proba­
bilities tend to overrate confidence in a topology while bootstrap values based on neighbor joining, 
maximum parsimony, or ML methods tend to slightly underestimate support (Huelsenbeck et al. 
2001 , Huelsenbeck et al. 2002, Suzuki et al. 2002). With this in mind, it is not surprising to find that 
ML bootstrap supports for the same four clades are lower than the pP. The bootstrap values of the 
above clades are as follows: I) < 50/ < 50,2)7215 1, 3) < 50/< 50, and 4) < 50/< 50. 
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!<'igurc 1. Phylogeneti c relati onships among panopeid crab species and selected representatives of the super­
family Xanthoidca sel/su Martin & Davis (200 I). inferred by Bayes ian analysis from 521 basepairs of the 16S 
rDNA gene. Confidence intervals are from 500 bootslrap maximum li keli hood analysis fo ll owed by Bayesian 
posterior probabilities. Genus shown as "c." = Chasmocarcil1l1s. Values below 50 are indicated by "-". 
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Figure 2. Phylogenetic relationships among panopeid crab species and selected representalivcs of the super­
fam il y Xanthoidea sensu Martin & Davis (2001), inferred by Bayesian analysis from 284 bascpairs of the l2S 
rDNA gene. Confidence intervals are from 500 bootslrap maxi mum likelihood analysis followed by Bayesian 
posterior probabililies. Values below 50 are indicated by ;'-". 
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4 DISCUSSION 

Here we report two molecul ar phylogenies o f the genus Hexapallopeus and related genera of the 
family Panopcidae. These phylogenies, which are based on parti al sequences of the 165 and 12S 
rO NA, contain fi ve of the 13 nominal species in Hexapanopeus and a single undescri bed species that 
appears to be assignable to the genus. In add ition, we have included representatives of 18 species 
of the family Panopeidae in order to better address both the monophyly of HexapGlwpells and the 
relat ionships of species currently ass igned to Hexapallopells to other panopeid taxa. Although onl y 
five species of Hexapollopells arc included in the dataset, these five species represent five of the six 
nominal species known from the western At lantic. It is clear from our analyses that the genus Hexa­
pGllOpellS is markedly polyphyletic and that further study of a ll its putative members is warranted, 
by both morphological and molecular methods. 

4.1 Hexapanopeus angust ifrons and Hexapanopcus paulensis 

The phylogenies presented here lend support to a narrowed defini tion of Hexapallopells that in­
cludes only the type-spec ies of the genus Hexapallopells allgllst'ijrolls (Benedict & Rath bun, 1891) 
and Hexapollopells palllensis Rathbun. 1930, pending results o f morphological and molecular anal­
yses for the remaining eight present congeners. It is interesting to note that in all ana lyses thcse 
taxa form a monophyleti c clade and that within both species there is further ev idence for genetic 
structure. II is unclear if the genctic divergence seen in these clades is the result of cryptic speciation 
or population diffcrentiation, but the current analyses suggest some combination of the two mighl 
occur in each complex. 

4.2 Hexapanopeus nov. sp. 

In the ana lyses of the 165 dataset, the sistcr group to the H. mlgllstijrollslH. paule' lsis clade is 
an undescribed species from intertidal waters of south Texas in the western Gulf of Mex ico. This 
undescri bed species resembles H. paulellsis in general morphology, but it has a very dist incti ve 
gonopod, which most resembles that of AeontllO/obu/lIs schmilli (Rathbun, 1930). In contrast 10 the 
results of the 165 dataset, the 125 dataset lends support to a clade that is composed of the unde­
scri bed species and Glyptoplax smithii A. Milne-Edwards. 1880, as the sister group 10 the H. anglls­
ti/ronslH. paulensis clade. Un fortunately, suitable materia l of GJypropJax pugnax Smith, 1870, lhe 
type species of the genus. has not to date been ava ilable for molecular analysis; therefore. it rcmains 
unclear whether this undescribed species is Illost appropr iately treated as a member of the genus 
Hexapallopeus, the genus GlyplOpJa:r, or a new monospecific genus. 

4.3 Hexapanopeus lobipcs 

The species Hexapallope//s lobipes (A. Milne-Edwards, 1880) has had a very unsettled taxonomic 
history. After being described as a species of Neopallope A. Milne-Edwards, 1880, it was later 
transferred to the genus Lop/Jopallopells Rathbun, 1898, by Rathbun in 1898. In his 1948 revision 
of the gcnus LophopalJopeus. Menzies pointcd out that H. /obipes does not fit the diagnosis of the 
genus Lophopallopells. Upon transferring the species 10 the genus Hexapallopeus, he noted Ihat 
" it seems to fit Ihe d iagnosis of that genus beller than tha t of any other American genus." On ly 
isolated records o f Hexapanopeus lobipes have been reported since Menzies' 1948 work (Wickstcn 
2005, Fclder et al. in press), and thcre has been no reassessment o f its placement with in the genus 
Hexapallopells. The gOllopod of H. lobipes is di stincti ve and has little resemblance 10 those in othcr 
members of the genus Hexopanopeus. Furthermore, unlike the carapaces of H. allgllstijrons and 
H. pal/leI/sis, which have five distinct anterolateral teeth, the 1st and 2nd antero-iateral teeth of 
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H. lobipes are generally fused, giving the appearance of four anterolateral teeth . On the basis of 
these and other morphological fea tures, it is unclear whether H. Jobipes is justifi ably assignab le 
to the genus Hexapanopeus. Whalever the case to be made on the basis of morphology alone, we 
cannot concur with Ng el al. (2008) in reass igning thi s species to Lophopanopells . 

OUf analyses support removal of H. lohipes from the genus Hexapanopeus and appear to jus­
tify establishment o f a new mOllospccific genus for H. lobipes. In both topologies, H. Jobipes fall s 
outside the clade formed by H. angustifrons and H. pallle'lsis. In the phylogeny inferred from the 
165 dataset, H. lobipes is the s ister group 10 Panopells americanus Saussure, 1857, with ML boot· 
strap and pP values of <50/90, respectively. The phylogeny inferred from the 12S datase t presents 
H. lobipes as a sister group to Pal10pells s.s. H. Milne Edwards, 1834, with ML bootstrap and pP 
va lues of < 5015 1, respectively. Despite low support va lues, both topologies lend support to the re· 
moval of H. lobipes from the genus Hexapanopeus and the erection of a new genus for the species, 
as is currently in progress. 

4.4 Hexapanopeus manningi 

HexapmlOpellS malllling; Sankarankutty and Ferreira, 2000, was descri bed on the basis of materi al 
from Rio Grande do Norte, Brazil. This species was distinguished from Hexapanopells caribbaells 
(Stimpson, 187 1) by characters of the frontal margin, the 3rd anterolatcral tooth of the carapace, 
and the apical process of thc gonopocl; however, upon the basis of synoptic comparisons of the male 
paratypc (USNM 260923) to malerial of H. caribbaells from eastern Florida, it appears that there 
is considerable morphological overl ap between these two taxa, raising the question as to whether 
H. l1uUln;ngi might be a junior synonym of H. caribbaeus. The topology inferred from the l6S 
dataset places H. mamlillgi in very close proximity to H. caribbaeus; distance between these taxa is 
very short and comparable to that within other accepted single·species clades in our tree. The clade 
containing both H. manningi and H. caribbaells has high support values, with ML bootstrap and 
pP values o f 100/ 100, respectively. The strongest support for a synonymy of the two taxa comes 
from the topology inferred from the 12S datase t, with H. mmmingi positioned with in the clade of 
H. caribbaeus. Our molecular phylogenies support synonymy of H. mallllillgi wi th H. caribbaeus, 
and we herewith recommend that taxonomic revision, regardless of the eventual generic assignment 
to be accorded (see below). 

4.5 Hexapanopeus caribbaeus 

Hexapanopeus caribbaeus was originally descri bed as a representative of the genus Micropanope; 
however, upon erection of the genus Hexapallopeus, Rathbun ( 1898) transferred this species to the 
genus Hexapanopeus apparently on the basis of carapace shape. It wasn' t unt il the 1997 work by 
Sankarankuuy and Manning that di stinct differences between the gonopod of H. caribbaells and 
that of the type·species H. angllstijrolls were noted. In the present analys is, this species is clearly 
separated from Hexapallapeus 5.5., and shown to be more closely a llied to the genus Acam/w lobulus. 

4.6 Genlls Acantholobulus 

Felder and Martin (2003) erected the genus AcarllllOlobllllls to accommodate a number of species 
from the genera Panopells and Hexapanopeus, which included: I) the type·spccies Acalltholobl/ ­
IllS bermuderzs;s (Benedict & Rathbun, 1898), formerly Panopel/s bermlldensis; 2) Acanth%bu/us 
mirajlorensis (Abele & Kim, 1989), fannerly Pallopeus mirajlorellSis; 3) Acantholobulus pacifi­
C/lS (Edmondson, 1931), formerly Panopells pacijiclls; and 4) Acantho/abu/lls schmitt; (Rathbun, 
1930), fonnerl y Hexapanopeus schmilli. Despite similarities between H. caribbaeus and A. schmitti 
in both carapace and gonopod morphology, the possible re lat ionship between H. caribbaeus and 
newly assigned members of the genus Acantholobuills was not addressed. The phylogenies inferred 
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from both our datasets strongly support inclusion of H. caribbaells within the genus Acantha/ob­
ulus. While the phylogeny inferred from the 16S dataset shows H. caribbaells nested with Acarl ­
(h%bu/lls , the topology in ferred by analys is of the 12S datasets supports a sister group relat ionshi p 
between H. caribbaells and both A. bermudellsis and A. schmif(i. Although both of these relat ion­
ships are supported by pP > 75, the 165 dataset shows considerably higher pP (99177 for 1651125, 
respcclively). As add itional spec ies of Acantho/abulus become avai lable ,for inclusion in our analy­
sis, the re lationship between Acantho/abullls and its closest re latives should be more definiti ve ly re­
solved. Even so, it is by present find ings establi shed thai H. caribbaells is well separated from Hexa­
pallopeus S.S., and we app ly the new combination Acantholobu/lls caribbae/ls (Stimpson, 187 1). 

4.7 Panopeus ameri can us 

In a study of mud crabs from the northwestern Atlantic, Schubart et al. (2000) clearly showed poly­
phyly in the genus Panopells, with both Acan(/IO/ablilus bermlldellsis (as Pallapells bermudellsis , 
see di scussion above) and POl/opells american liS fa lling we ll oUl side Pal/opells s.s. (Schubart et al. 
2000, Fig. I). In the presem study, we find additional support for these findings with the topologies 
inferred from both datasets positioning P. american lls outside Panopeus s.s.; however, the topolo­
gies differ in where P. ameriCQllllS is placed re lat ive to species of other genera. In the topo logy 
inferred from the 16S dataset, P. americallus is a sister group to H. lobipes, while in the topo logy 
inferred from the 12S dataset, P. americallllS is Ihe sister group to the clade containing E. depresslIs , 
E. dissimilis, N. packardii, D. sayi, and R. harrisii. However, thi s arrangement is poorly supported 
wi th ML bootstrap and pP va lues less than 50. Desp ite the differences in the topologies inferred 
from these two datasets, both provide evidence for the removal of P. arnericO/III s from Pallopeus. 
Pending a thorough ana lysis of ad ult and larval morphology, data presented here support the estab­
lishment of a new genus for P. americantls. 

4.8 Genus Eurypanopeus 

Schubart et a1. (2000, Fig. \ ) also provided evidence for polyphyly among spec ies presently as­
signed to the genus Eurypanopeus A. Milne-Edwards, 1880, with species of ElirypanopeLls fa lling 
into three separate clades. In the present stud y, topologies inferred from both datasets support the 
polyphyle tic nature of Eurypallopells, wi th representatives found in three c lades for 165 (Fig. I) 
and two clades for 12S (Fig. 2). It is unclear what effect the addition of sequence data from other 
species of EUl)lPat/Opeus would have on the ana lyses; however, on the basis of evidence presented 
here and by Schubart et al. (2000), comprehensive study and taxonomic rev ision of the genus are 
needed . 

4.9 Panoplax depressa 

Despite a gOllopod that shares little in common with that of the typical panopeid, Panop/ax de­
pressa Stimpson, 187 1, has long been considered a member of the subfamily Eucratopsinae within 
the famil y Panopeidae (Martin & Abele 1986, McLaughlin et al. 2005, Ng et al. 2008). The analyses 
presented here provide no support for the inclusion of Panoplax within the family Panopeidae. In 
topologies inferred from both datasets, Panoplax depressa is well separaled from remaining rep­
resentatives of the family Panopeidae. III the phylogeny inferred from the 165 dalasel, Panoplax 
depressa is found nested within a poorly supported clade containing representati ves of the fami lies 
Xanthidae and Pseudorhombilidae (MLlpP <50/99). In the phylogeny inferred from the 125 dataset, 
Panoplax depressa is al so excluded from the remaining representat ives of the family Panopeidae, 
nested within a poorly supported c lade conlaining representatives of the family Xanthidae (MUpP 
<50/90). Despite the low support values for the clades currently containing Pafloplax depressa, 
there is little evidence to support the inclusion of Panoplax wi thin the fami ly Panopeidae. 
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4.10 Garthiope barbadensis 

The genus Garrhiope Guinot, 1990, was described to accommodate three small species formerl y at­
tributed to the genus Micropanope. Upon its erection, similarities between Garthiope and the family 
Trapeziidae were noted; however, in their recent review Ng et al. (2008) considered the genus to be 
a part of the family Xanthidae. In the present analyses the complex relationship of Garth iope to the 
remaining taxa of the Xanthoidea sensu Martin & Davis (2001 ) is shown in the conflict between 
the 16S dataset and 12S dataset in regards to the placement of Garthiope. In the phylogeny inferred 
from the 16S dataset, Garthiope barbade'lsis (Rathbun, 192 1) is found within the famil y Panopei­
dae, where it is located within a clade containing representatives of the subfamily Eucratopsinae. 
However, this clade has support va lues with ML and pP values of <50/98. To further confound 
our understanding, in the analyses of the 12S dataset, Garthiope barbadellsis falls well outside the 
family Panopeidae in a clade containing representatives of the Eriphioidea, Carpilioidea, Gonepla­
coidea, and Portunoidea. As this arrangement also has poor support values «50), the relationship 

. of Garthiope to these groups remains unclear. The type-species of the genus Garthiope spillipes 
(A Milne-Edwards, 1880) was not ineluded in these analyses; as a result , it is unclear what effect 
its inclusion may have on the analyses. Further study of the group is needed to clarify how this 
genus is related [0 other representatives of the Xanthoidea sensu Martin & Davis (2001 ). 

4. 11 Olltgroup taxa 

Composition of the superfamily Xanthoidea sensu Martin & Davis (2001) is a subject of ongoing 
debale (Guinol 1978; Jamieson 1993; Coelho & Coelho Filho 1993; Schuba" el al. 2000; Wel­
zer et aL 2003; Karasawa & Schweitzer 2006; Ng et a!. 2008). In all of our analyses, the family 
Xanthidae is clearly shown to be polyphyleti c, Analysis of the 16S dataset reveals a single clade 
containing representatives of Panopeidae, Pseudorhombilidae, and three subfamilies of Xanrhidae; 
however, thi s clade is poorly supported with ML bootstrap values and pP of <50/99 (Fig. I). Fur­
thermore, a second clade contains a single representative of the family Xanthidae as well as reprc4 
sentativcs of Eriphioidea, Pilumnoidea, Carpilioidea, Goneplacoidea, and Portunoidea. This clade 
is well supported with ML bootstrap values and pP of 97/100. Within this clade we also find rep­
resentatives of three families of Goneplacoidea, with two species of Chasmocarcifllls representing 
Chasmocarcinidae, Frevillea barbara and SOlOplax roberts; representing Euryplac idae, and Bathy­
plnx typhlus representing Goneplacidae. While Chasmocarcinidae and Euryplac idae form a poorly 
supported monophyleti c clade, Gonepl acidae is found in another clade with representatives of Por­
tunoidea and Carpilioidea. Although neither of these clades is well supported (MUpP <50/58 & 
<50/98), they provide evidence for a polyphyletic Goneplacoidea. While the topology inferred from 
the 12S dataset (Fig. 2) still presents evidence for a polyphyletic Xanthidae and Goneplacoidea, the 
evidence differs from that inferred by the 16S dataset (Fig. I). However, support va lues for the oul­
group topology inferred by the 12S dataset are very low, making any conclusions drawn from this 
topology questionable: Regardless of differences between these two topologies, it is apparent that 
both Goncplacoidea and Xanthidae are polyphyletic and in need of revision. 
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