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Figure 1. Phylogenetic relationships among panopeid crab species and selected representatives of the super-
family Xanthoidea sensu Martin & Davis (2001), inferred by Bayesian analysis from 521 basepairs of the 165
rDNA gene. Confidence intervals are from 500 bootstrap maximum likelihood analysis followed by Bayesian
posterior probabilities. Genus shown as “C.” = Chasmocarcinus. Values below 50 are indicated by “-".
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Figure 2. Phylogenetic relationships among panopeid crab species and selected representatives of the super-
family Xanthoidea sensu Martin & Davis (2001), inferred by Bayesian analysis from 284 basepairs of the 128

rDNA gene. Confidence intervals are from 500 bootstrap maximum likelihood analysis followed by Bayesian
posterior probabilities. Values below 50 are indicated by *-”
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4 DISCUSSION

Here we report two molecular phylogenies of the genus Hexapanopeus and related genera of the
family Panopeidae. These phylogenies, which are based on partial sequences of the 16S and 12S
rDNA, contain five of the 13 nominal species in Hexapanopeus and a single undescribed species that
appears to be assignable to the genus. In addition, we have included representatives of 18 species
of the family Panopeidae in order to better address both the monophyly of Hexapanopeus and the
relationships of species currently assigned to Hexapanopeus to other panopeid taxa. Although only
five species of Hexapanopeus are included in the dataset, these five species represent five of the six
nominal species known from the western Atlantic. It is clear from our analyses that the genus Hexa-
panopeus is markedly polyphyletic and that further study of all its putative members is warranted,
by both morphological and molecular methods.

4.1 Hexapanopeus angustifrons and Hexapanopeus paulensis

The phylogenies presented here lend support to a narrowed definition of Hexapanopeus that in-
cludes only the type-species of the genus Hexapanopeus angustifrons (Benedict & Rathbun, 1891)
and Hexapanopeus paulensis Rathbun, 1930, pending results of morphological and molecular anal-
yses for the remaining eight present congeners. It is interesting to note that in all analyses these
taxa form a monophyletic clade and that within both species there is further evidence for genetic
structure. It is unclear if the genetic divergence seen in these clades is the result of cryptic speciation
or population differentiation, but the current analyses suggest some combination of the two might
occur in each complex.

4.2 Hexapanopeus nov. sp.

In the analyses of the 16S dataset, the sister group to the H. angustifrons/H. paulensis clade is
an undescribed species from intertidal waters of south Texas in the western Gulf of Mexico. This
undescribed species resembles H. paulensis in general morphology, but it has a very distinctive
gonopod, which most resembles that of Acantholobulus schmitti (Rathbun, 1930). In contrast to the
results of the 16S dataset, the 12§ dataset lends support to a clade that is composed of the unde-
scribed species and Glyptoplax smithii A. Milne-Edwards, 1880, as the sister group to the H. angus-
tifrons/H. paulensis clade. Unfortunately, suitable material of Glyproplax pugnax Smith, 1870, the
type species of the genus, has not to date been available for molecular analysis; therefore, it remains
unclear whether this undescribed species is most appropriately treated as a member of the genus
Hexapanopeus, the genus Glyptoplax, or a new monospecific genus.

4.3 Hexapanopeus lobipes

The species Hexapanopeus lobipes (A. Milne-Edwards, 1880) has had a very unsettled taxonomic
history. After being described as a species of Neopanope A. Milne-Edwards, 1880, it was later
transferred to the genus Lophopanopeus Rathbun, 1898, by Rathbun in 1898. In his 1948 revision
of the genus Lophopanopeus, Menzies pointed out that H. lobipes does not fit the diagnosis of the
genus Lophopanopeus. Upon transferring the species to the genus Hexapanopeus, he noted that
“it seems to fit the diagnosis of that genus better than that of any other American genus.” Only
isolated records of Hexapanopeus lobipes have been reported since Menzies™ 1948 work (Wicksten
2005, Felder et al. in press), and there has been no reassessment of its placement within the genus
Hexapanopeus. The gonopod of H. lobipes is distinctive and has little resemblance to those in other
members of the genus Hexapanopeus. Furthermore, unlike the carapaces of H. angustifrons and
H. paulensis, which have five distinct anterolateral teeth, the Ist and 2nd antero-lateral 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 features, it is unclear whether H. lobipes is justifiably assignable
to the genus Hexapanopeus. Whatever the case to be made on the basis of morphology alone, we
cannot concur with Ng et al. (2008) in reassigning this species to Lophopanopeus.

Our analyses support removal of H. lobipes from the genus Hexapanopeus and appear to jus-
tify establishment of a new monospecific genus for H. lobipes. In both topologies, H. lobipes falls
outside the clade formed by H. angustifrons and H. paulensis. In the phylogeny inferred from the
16S dataset, H. lobipes is the sister group to Panopeus americanus Saussure, 1857, with ML boot-
strap and pP values of <50/90, respectively. The phylogeny inferred from the 12S dataset presents
H. lobipes as a sister group to Panopeus s.s. H. Milne Edwards, 1834, with ML bootstrap and pP
values of <50/51, respectively. Despite low support values, 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

Hexapanopeus manningi Sankarankutty and Ferreira, 2000, was described on the basis of material
from Rio Grande do Norte, Brazil. This species was distinguished from Hexapanopeus caribbaeus
(Stimpson, 1871) by characters of the frontal margin, the 3rd anterolateral tooth of the carapace,
and the apical process of the gonopod; however, upon the basis of synoptic comparisons of the male
paratype (USNM 260923) to material of H. caribbaeus from eastern Florida, it appears that there
is considerable morphological overlap between these two taxa, raising the question as to whether
H. manningi might be a junior synonym of H. caribbaeus. The topology inferred from the 16S
dataset places H. manningi 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. caribbaeus has high support values, with ML bootstrap and
pP values of 100/100, respectively. The strongest support for a synonymy of the two taxa comes
from the topology inferred from the 12S dataset, with H. manningi positioned within the clade of
H. caribbaeus. Our molecular phylogenies support synonymy of H. manningi with 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 described as a representative of the genus Micropanope;
however, upon erection of the genus Hexapanopeus, Rathbun (1898) transferred this species to the
genus Hexapanopeus apparently on the basis of carapace shape. It wasn’t until the 1997 work by
Sankarankutty and Manning that distinct differences between the gonopod of H. caribbaeus and
that of the type-species H. angustifrons were noted. In the present analysis, this species is clearly
separated from Hexapanopeus s.s., and shown to be more closely allied to the genus Acantholobulus.

4.6 Genus Acantholobulus

Felder and Martin (2003) erected the genus Acantholobulus to accommodate a number of species
from the genera Panopeus and Hexapanopeus, which included: 1) the type-species Acantholobu-
lus bermudensis (Benedict & Rathbun, 1898), formerly Panopeus bermudensis; 2) Acantholobulus
miraflorensis (Abele & Kim, 1989), formerly Panopeus miraflorensis; 3) Acantholobulus pacifi-
cus (Edmondson, 1931), formerly Panopeus pacificus; and 4) Acantholobulus schmitti (Rathbun,
1930), formerly Hexapanopeus schmitti. Despite similarities between H. caribbaeus and A. schmitti
in both carapace and gonopod morphology, the possible relationship between H. caribbaeus and
newly assigned members of the genus Acantholobulus was not addressed. The phylogenies inferred
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from both our datasets strongly support inclusion of H. caribbaeus within the genus Acantholob-
ulus. While the phylogeny inferred from the 16S dataset shows H. caribbaeus nested with Acan-
tholobulus, the topology inferred by analysis of the 128 datasets supports a sister group relationship
between H. caribbaeus and both A. bermudensis and A. schmitti. Although both of these relation-
ships are supported by pP >75, the 16S dataset shows considerably higher pP (99/77 for 165/128,
respectively). As additional species of Acantholobulus become available for inclusion in our analy-
sis, the relationship between Acantholobulus and its closest relatives should be more definitively re-
solved. Even so, it is by present findings established that H. caribbaeus is well separated from Hexa-
panopeus s.s., and we apply the new combination Acantholobulus caribbaeus (Stimpson, 1871).

4.7 Panopeus americanus

In a study of mud crabs from the northwestern Atlantic, Schubart et al. (2000) clearly showed poly-
phyly in the genus Panopeus, with both Acantholobulus bermudensis (as Panopeus bermudensis,
see discussion above) and Panopeus americanus falling well outside Panopeus s.s. (Schubart et al.
2000, Fig. 1). In the present study, we find additional support for these findings with the topologies
inferred from both datasets positioning P. americanus outside Panopeus s.s.; however, the topolo-
gies differ in where P. americanus is placed relative to species of other genera. In the topology
inferred from the 16S dataset, P. americanus is a sister group to H. lobipes, while in the topology
inferred from the 128 dataset, P. americanus is the sister group to the clade containing E. depressus,
E. dissimilis, N. packardii, D. sayi, and R. harrisii. However, this arrangement is poorly supported
with ML bootstrap and pP values less than 50. Despite the differences in the topologies inferred
from these two datasets, both provide evidence for the removal of P. americanus from Panopeus.
Pending a thorough analysis of adult and larval morphology, data presented here support the estab-
lishment of a new genus for P. americanus.

4.8 Genus Eurypanopeus

Schubart et al. (2000, Fig. 1) also provided evidence for polyphyly among species presently as-
signed to the genus Eurypanopeus A. Milne-Edwards, 1880, with species of Eurypanopeus falling
into three separate clades. In the present study, topologies inferred from both datasets support the
polyphyletic nature of Eurypanopeus, with representatives found in three clades for 16S (Fig. 1)
and two clades for 12S (Fig. 2). It is unclear what effect the addition of sequence data from other
species of Eurypanopeus would have on the analyses; however, on the basis of evidence presented
here and by Schubart et al. (2000), comprehensive study and taxonomic revision of the genus are
needed.

4.9 Panoplax depressa

Despite a gonopod that shares little in common with that of the typical panopeid, Panoplax de-
pressa Stimpson, 1871, has long been considered a member of the subfamily Eucratopsinae within
the family 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 separated from remaining rep-
resentatives of the family Panopeidae. In the phylogeny inferred from the 16S dataset, Panoplax
depressa is found nested within a poorly supported clade containing representatives of the families
Xanthidae and Pseudorhombilidae (ML/pP <50/99). In the phylogeny inferred from the 128 dataset,
Panoplax depressa is also excluded from the remaining representatives of the family Panopeidae,
nested within a poorly supported clade containing representatives of the family Xanthidae (ML/pP
<50/90). Despite the low support values for the clades currently containing Panoplax depressa,
there is little evidence to support the inclusion of Panoplax within the family Panopeidae.



Phylogeny of Hexapanopeus 563

4.10 Garthiope barbadensis

The genus Garthiope Guinot, 1990, was described to accommodate three small species formerly 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 Garthiope to the
remaining taxa of the Xanthoidea sensu Martin & Davis (2001) is shown in the conflict between
the 16S dataset and 128 dataset in regards to the placement of Garthiope. In the phylogeny inferred
from the 16S dataset, Garthiope barbadensis (Rathbun, 1921) is found within the family Panopei-
dae, where it is located within a clade containing representatives of the subfamily Eucratopsinae.
However, this clade has support values with ML and pP values of <50/98. To further confound
our understanding, in the analyses of the 128 dataset, Garthiope barbadensis 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 spinipes
(A. Milne-Edwards, 1880) was not included 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 to other representatives of the Xanthoidea sensu Martin & Davis (2001).

4.11  Qutgroup taxa

Composition of the superfamily Xanthoidea sensu Martin & Davis (2001) is a subject of ongoing
debate (Guinot 1978; Jamieson 1993; Coelho & Coelho Filho 1993; Schubart et al. 2000; Wet-
zer et al. 2003; Karasawa & Schweitzer 2006; Ng et al. 2008). In all of our analyses, the family
Xanthidae is clearly shown to be polyphyletic. Analysis of the 16S dataset reveals a single clade
containing representatives of Panopeidae, Pseudorhombilidae, and three subfamilies of Xanthidae;
however, this clade is poorly supported with ML bootstrap values and pP of <50/99 (Fig. 1). Fur-
thermore, a second clade contains a single representative of the family Xanthidae as well as repre-
sentatives 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 Chasmocarcinus representing
Chasmocarcinidae, Frevillea barbata and Sotoplax robertsi representing Euryplacidae, and Bathy-
plax typhlus representing Goneplacidae. While Chasmocarcinidae and Euryplacidae form a poorly
supported monophyletic clade, Goneplacidae is found in another clade with representatives of Por-
tunoidea and Carpilioidea. Although neither of these clades is well supported (ML/pP <50/58 &
<50/98), they provide evidence for a polyphyletic Goneplacoidea. While the topology inferred from
the 128 dataset (Fig. 2) still presents evidence for a polyphyletic Xanthidae and Goneplacoidea, the
evidence differs from that inferred by the 16S dataset (Fig. 1). However, support values for the out-
group topology inferred by the 128§ dataset are very low, making any conclusions drawn from this
topology questionable. Regardless of differences between these two topologies, it is apparent that
both Goneplacoidea and Xanthidae are polyphyletic and in need of revision.
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