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Abstract

The history of colonization and dispersal of fauna among deep-sea chemosynthetic ecosystems remains enigmatic and
poorly understood. The distribution of squat lobsters of the genus Munidopsis Whiteaves, 1874 can be influenced by the
rich organic matter and associated organism communities of chemosynthetic ecosystems. The present work analyzed
the molecular relationships and morphology of individuals from different populations of Munidopsis exuta Macpherson
& Segonzac, 2005 and M. geyeri Pequegnat & Pequegnat, 1970 in such ecosystems along the Atlantic Equatorial Belt,
including the Chapopote Knoll, in the southern Gulf of Mexico. Munidopsis geyeri is re-described based on the present
findings and reference to the literature. This analysis documented the genetic distances, as well as range of variation in
the diagnostic characters that support the separation of M. exuta and M. geyeri. Our results confirm that the two species
coexist in seep ecosystems and have an amphi-Atlantic distribution.
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Introduction

The genus Munidopsis Whiteaves, 1874 encompasses “squat lobsters” assigned to the family Munidopsidae Ort-
mann, 1898, formerly Munidopsinae (Ahyong et al. 2010). A. Milne-Edwards (1880) placed four genera in Muni-
dopsinae (Orophorhynchus A. Milne-Edwards 1880, Galacantha A. Milne-Edwards 1880, Galathodes A. Milne-
Edwards 1880, Elasmonotus A. Milne-Edwards 1880). Subsequently, other genera and subgenera were assigned to
this subfamily (e.g. Anoplonotus Smith, 1883; Bathyankyristes Alcock & Anderson, 1894). Revision of subgenera
and synonymies (e.g. Alcock 1901; Benedict 1902; Faxon 1893; Henderson 1885) led to the unification of all the
species under the genus Munidopsis on the grounds that most of the species shared morphology justifying placement
under a single genus, but also because the previously applied genera were based upon character states that were ap-
parently transitional in many species, thereby making their generic limits questionable (Chace 1940). At present, the
genus Munidopsis encompasses 272 species (Rodriguez- Flores et al. 2022; WoRMS 2022). Exploration in deep-sea
habitats and technological developments for small scale sampling have facilitated collections of new species, while
the application of molecular phylogenetics has facilitated the recognition of cryptic species (e.g. Rodriguez-Flores
et al. 2018b). For example, Munidopsis subsquamosa Henderson, 1885 previously regarded as a single species from
the East Pacific Rise, is now recognized as separate from three new species (M. bracteosa Jones & Macpherson,
2007; M. recta Baba, 2005; and M. scotti Jones & Macpherson, 2007) on the basis of molecular analyses (Jones &
Macpherson 2007).

Accepted by S. Ahyong: 20 Oct. 2022, published: 28 Nov. 2022 301

Licensed under Creative Commons Attribution-N.C. 4.0 International https://creativecommons.org/licenses/by-nc/4.0/


mailto:adriana.gaytan@ciencias.unam.mx


Most species of Munidopsis are distributed widely (Coykendall et al. 2017; Schnabel et al. 2011). They exhibit
scavenging and opportunistic feeding behaviors (e.g. M. albatrossae Pequegnat & Pequegnat, 1973; Dong ef al.
2019), usually occurring at bathyal and abyssal depths in sites that are organically enriched (Baba 2005; Cheval-
donne & Olu 1996; Jones & Macpherson 2007; Kemp et al. 2006). Some species of Munidopsis are referred to as
colonists (as defined by Carney 1994) of seeps and hydrothermal vents (e.g. Martin & Haney 2005; Yang et al.
2016).

The squat lobsters, Munidopsis exuta Macpherson & Segonzac, 2005 and M. geyeri Pequegnat & Pequegnat,
1970, occur throughout the Atlantic Ocean at depths between 1700—4151 m (Baba et al. 2008; Gaytan-Caballero
2009; Kilgour & Shirley 2014; Navas et al. 2013; Vazquez- Bader & Gracia 2016). The present study examined
M. exuta and M. geyeri from abyssal depths of the southern Gulf of Mexico, with an emphasis on both molecular
and morphological comparisons. We provide a re-description of M. geyeri based upon specimens that we examined,
while also incorporating the previously unpublished description of Mayo (1974). This paper contributes new geo-
graphic records, new ecological information and ecological features of the species occurrence (e.g., habitat descrip-
tion and associations).

Materials and methods

Newly collected samples were obtained from the Chapopote Knoll on deep sea asphalt-associated cold seeps, in the
southwestern Gulf of Mexico during cruise GeoB M67/2b of the R/V Meteor (2— 24 April 2006). Specimens were
collected using scavenger traps deployed on the seafloor with the ROV Quest via the ROV’s suction device. On
board, specimens were fixed in absolute ethanol at 4°C for 24 h, transferred to 70% ethanol and stored in labelled
in glass jars. Specimens were deposited in the Coleccion Nacional de Crustaceos (CNCR), Instituto de Biologia,
UNAM, Mexico (CNCR24845-24869). Specimens of M. exuta and M. geyeri from different locations were re-
quested on loan from diverse international collections and used in the comparative morphological analysis (Table
1). Morphology of specimens was examined using a stereomicroscope (Zeiss, 1.0X magnification). Re-description
of M. geyeri followed and complemented the scheme of Mayo (1974) and followed the terminology used by Baba
(2005) and Baba et al. (2011). The postorbital carapace length (CL) was measured in millimeters (to the nearest 0.1
mm), measured along the dorsal midline from the posterior margin of the orbit to the posterior margin of the cara-
pace. The length of each pereopod article was measured in lateral view along its extensor margin (excluding distal
spine), the breadth is measured at its widest point. Abbreviations used are: Mxp3 = maxilliped 3; P1, pereopod 1;
P24, pereopods 2—4.

Pleonal muscle samples of specimens from different institutions were extracted from three specimens of M. ex-
uta, eight specimens of M. geyeri, and one specimen of Munidopsis recta and Munidopsis bracteosa as comparative
species and belonged (Table 2). GenBank sequences were also included (Table 2). DNA was obtained with an Epoch
GenCatch DNA extraction kit and a Qiagen DNeasy kit, following manufacturer’s instructions. DNA was quantified
with a Nano Drop ND-1000 Spectrophotometer (15 and 40 ng/ul readings). The Polymerase Chain Reaction (PCR)
was performed with a Cetus 9600 DNA thermocycler (Pekin-Elmer Corporation, Connecticut) or a RoboCycler
Gradient 96 temperature cycler; amplification used the DNA template (2 ul), 5 ul 10 buffer (supplied by the manu-
facturer), 5 pl MgCl, (2.5 uM), 2 pl of each primer (10 mM final concentration), 2.5 units of Taq polymerase (Taq
Gold Applied Biosystem and Tag DNA Polymerase-USB), 5 ul of 2 mM stock solution of dNTPs, 1 pl of 100X
BSA, and sterile H20 to a final volume of 25 pl. Primers used to amplify base pairs of the mitochondrial 12s, 16s
and cytochrome c oxidase subunit 1 (COI) fragments were: 12sSf (5—GAA ACC AGG ATT AGA TAC CC—3)
and 12s1R (5—AGC GAC GGG CGA TAT GTA C— 3), 16SH2 (5—AGA TAG AAA CCA ACC TGG—3) and
16SL2/16SL9 (5—TGC CTG TTT ATC AAA AAC AT—3/5—CGC CTG TTT ATC AAA AAC AT—3) (Palum-
bi et al. 1991), and gala COIF (5—CAT CAC TWA GWT TRA TYA TTC GAG CAG AA—3) and gala COIR
(5—GAA YAG GRT CTC CTC CTC CTA C—3) (Jones & Macpherson 2007). The thermal profile was an initial
denaturation at 94°C for 4 min, followed by 35 cycles of 94 C for 1 min, 55°C for 2 min, and 72 C for 3.5 min, then
a final extension at 72°C for 10 min. PCR products were purified with Sephadex, a GenCatch PCR Purification kit
and ExoSAP-IT for PCR Product Clean-Up. The purified template DNA was sequenced with a Big DyeTM Termi-
nator cycle sequencing reaction kit (PE Biosystems, Foster, CA) and an ABI Prism 3100 sequencer (Applied Bio-
systems Inc., Foster, CA). PCR products were sequenced bidirectionally from each sample with the same forward
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and reverse primers as were used in the PCR. The ten genetic vouchers, from which tissue samples were obtained,
were deposited on University of Louisiana, Lafayette Zoological Collection (ULLZ, Table 2). Combined sequences
were visualized and edited with Sequencher 4.1, parameters: minimum overlap 20, and minimum match 85% (Gene
Codes Corporation Inc. Ann Arbor). Thirty-five new sequences were deposited in GenBank (Table 2).

Alignments for each gene segment and combined genes were obtained using ClustalW (Thompson et al. 1994)
as implemented in Bioedit (Hall 1999). Genetic analyses were performed in MEGA X (Kumar et al. 2018). Pairwise
distances were computed to 45 nucleotide sequences of cytochrome c oxidase subunit 1 (COI) gen fragment and to
14 combined nucleotide sequences (COI, 12S and 168S).

Analyses followed previous molecular phylogenetic analyses of galatheids with genetic distances computed by
uncorrected pairwise “p” distances (number of base differences per site from between sequences, e.g. Coykendall
et al. 2017; Machordom & Macpherson 2004; Macpherson & Robainas-Barcia 2013). The Kimura 2-parameter
substitution model (K2P; Kimura 1980) for genetic distances was performed as comparative values. Frequency
histograms were constructed to visualize barcoding gaps between intraspecific and interspecific genetic distances
(Meyer & Paulay 2005). A second analysis inferred the molecular distances using the Neighbor-Joining method
(Saitou & Nei 1987). The same group of data for pairwise distances analysis was used, including Shinkaia crosnieri
Baba & Williams, 1998 in the analysis with combined gene fragments (12S, 16S and COI), and excluding it from
the analysis of COI gene fragment to visualize the distances between similar species (Table 2). The trees were drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic
trees. The evolutionary distances were computed using the p-distance method (Nei & Kumar 2000). Codon posi-
tions included were 1st + 2nd + 3rd + Noncoding. All ambiguous positions were removed for each sequence pair
(pairwise deletion option).

TABLE 2. Specimens used in the molecular sequence analysis and sequences cited in published studies. Abbrevia-
tions: ULLZ = University of Louisiana at Lafayette Zoological Collection; CNCR = Coleccion Nacional de Crustaceos,
UNAM, Mexico; USNM = National Collection of the Smithsonian Institution, USA; GM = Gulf of Mexico; CSea =
Caribbean Sea; GG = Gulf of Guinea; GC = Gulf of California; MAR = Mid-Atlantic Ridge; EPR = East Pacific Rise; P =
Pacific Ocean; CS = cold seep, HV = hydrothermal vent; WF = whale fall; AS = soft abyssal substrate; GB = GenBank
accession number. Dash (—) denotes unavailable data. Publications: (1) Jones & Macpherson (2007); (2) Goffredi et al.
(2017); (3) Coykendall et al. (2017); (4) Sun et al. (2019); (5) Yang & Yang (2008). * In GenBank as M. antonii.

Species/Sample site ID-Collection or Publication =~ GB-12 GB-16 GB-COI

M. exuta Macpherson & Segonzac, 2005

Chapopote Knoll, GM; CS with asphalt CNCR 24866 OP620559  OP629188 OP628182
CNCR 24846 = ULLZ 8792 OP620558 OP629187 OP628181
CNCR 24857 = ULLZ 8861 OP620557 OP629186 OP628180

M geyeri Pequegnat & Pequegnat, 1970

St. Croix, CSea; AS USNM 231300 = ULLZ 8923 OP620555 OP629184 OP628177

Northeastern GM; AS USNM 310877 = ULLZ 8784 OP620550 OP629179 OP628172

Regab Pockmark site, GG; CS ULLZ 8863 OP620556  OP629185 OP628178
ULLZ 8862 - - OP628179

Alaminos Canyon AC818, GM; CS ULLZ 8912 OP620554 OP629183 OP628176

Chapopote Knoll, GM; CS with asphalt =~ CNCR 24845 = ULLZ 8791 OP620551 OP629180 OP628173
CNCR 24848 = ULLZ 8794 OP620552  OP629181 OP628174
CNCR 24853 = ULLZ 8799 OP620553 OP629182 OP628175

M. recta Baba, 2005

EPR, 11 S; HV USNM 1100643 0OP620548 OP629177 -

M. bracteosa Jones & Macpherson, USNM 1100633 OP620549 OP629178 -

2007
Northeastern P.; WF
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Zootaxa 5213 (4) © 2022 Magnolia Press - 307



Sequences from published work

Species/Sample site Reference COI-Sequence

M. exuta Macpherson & Segonzac, 2005

MAR, TAG; HV (@))] DQ677690
M. recta Baba, 2005
EPR,9N, 11 N, 17N,18 S; HV (1) DQ677695
EPR,9N, 13N, 21 N, 38 S, (1) DQ677696-DQ677702
Galapagos Rift; HV
Alarcon Rise, GC; HV 2) KY581549
M. bracteosa Jones & Macpherson, 2007
Endeavour Field, Northeastern P; HV (1) DQ677684
Mendicino Fracture Zone (1) DQ677685%*
Northeastern P; WF (1) DQ677686-DQ677689*
Munidopsis sp. A Coykendall, Nizinski & Morrison, 2017
Alaminos Canyon AC818, GM; CS 3) KX016552
KX016553
M. scotti Jones & Macpherson, 2007
Juan de Fuca, Northeastern P (1) DQ677703-DQ677705
Pescadero Basin, GC; HV 2) KY581548
M. antonii (Filhol, 1884)
Station M, Northeastern P; HV (1) DQ677677, DQ677678, DQ677681, DQ677682
M. segonzaci Jones & Macpherson, 2007
Station M, Northeastern P (D) DQ677683
M. tiburon Jones & Macpherson, 2007
Monterey Bay Canyon, Northeastern P (1) DQ677673
M. kensmithi Jones & Macpherson, 2007
Station M, Northeastern P (1) DQ677706, DQ677709
M. livida (Perrier, 1886)
Alaminos Canyon AC818, Northeastern GM 3) KX016546
M. lauensis Baba & de Saint Laurent, 1992
Southwestern P; HV Complete genome MH717895
M. verrilli Benedict, 1902 “
Southwestern P; HV Complete genome MH717896
Shinkaia crosnieri Baba & Williams, 1998 %) Complete genome EU420129

Southwestern P; HV

Molecular phylogenetic inferences

The alignment and genetic distance analysis involved 14 nucleotide sequences, each a combination of the 125
(300 basepairs), 16S (509 basepairs), and COI (503 basepairs) sequences. For the COI analysis, 45 nucleotide se-
quences were used (same basepair length). The resulting matrix of the evolutionary genetic divergences between 45
nucleotide sequences (Table 3) showed intergeneric distances between Munidopsis species and Shinkaia crosnieri
ranging from 17.7 to 21.7% (18.7% +0.1, mean + SD; Fig. 1A). In contrast, pairwise comparison among species of
Munidopsis did not show a clear barcoding gap separating intra- and interspecific groups. Intraspecific genetic dis-
tances ranged from 0 to 1.4% (0.32% + 0.27, mean + SD). In M. geyeri and M. bracteosa the intraspecific distances
between individuals ranged from 0 to 0.4%. In contrast, between individuals of the rest of the species intraspecific
distances ranged from 0 to 0.8%.
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In comparing the intraspecific distances, a specimen of M. scotti (GenBank KY581548) from Pescadero Basin
of the Gulf of California, had 1.2% and 1.4% genetic distances between the other two specimens from the same spe-
cies (GenBank DQ677703-05) from Juan de Fuca Ridge in the northeastern Pacific (Table 3; Fig. 1A). The species
labeled as Munidopsis sp. A by Coykendall et al. (2017) showed a distance of 0 to 0.4% to specimens of M. geyeri.
These results are supportive of representing this species. Interspecific genetic distances ranged from 0.6 to 14.7%
(5% + 4.1, mean + SD). Munidopsis geyeri and M. bracteosa recorded minimum interspecific divergence with a
range of 0.6 to 1.2% (1% + 0.2, mean + SD; Table 3; Fig. 1A). By applying the K2P substitution model for the same
COI alignment, we recorded the same intraspecific average distance between species (0.3% =+ 0.28), slightly higher
interspecific genetic distances (5.4% + 4.6), and between Munidopsis species and Shinkaia crosnieri (20.4 to 26.2%,
21.8% + 1.4, mean + SD).

Intraspecific/Interspecific distances
individuals of M. exuta, A
M. geyeri vs M. bracteosa Interspecific distances

250 77T e S e
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FIGURE 1. Histograms of uncorrected pairwise “p” genetic distances of Munidopsis analysed: A, for 45 nucleotide sequences
of cytochrome ¢ oxidase subunit 1 (COI) (same group of data used for Neighbor-Joining analysis on Fig. 2B including Shinkaia
crosnieri). B, for 14 nucleotide sequences of combined genes (COI, 12S and 16S) (same group of data used for Neighbor-Join-
ing analysis on Fig. 2A excluding Shinkaia crosnieri). Arrows show examples of specimen pairs from genetic distance. Detail of
species and number of specimens used for intraspecific and interspecific distance calculations is provided in Table 3 and 4.
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The analysis with the combined sequences (COI, 12S and 16S) showed lower genetic distances, intraspecific
distances of M. geyeri and M. exuta individuals ranged from 0 to 0.3% (0.1% + 0.09, mean + SD; Fig. 1B, Table 4),
interspecific distance between M. verrilli Benedict, 1902, M. lauensis Baba & de Saint Laurent, 1992, M. brac-
teosa, M. geyeri, M. recta and M. exuta species was an average of 3.7 + 3.3% (mean + SD; ranged from 0.3 to
8.4%; Fig. 1B, Table 4). At this resolution differences between evident morphologically differentiated groups of
species showed distances up to 8.5% (like M. geyeri with M. verrilli; Fig. 1B).

TABLE 4. Estimates of evolutionary divergence between sequences for 14 nucleotide combined sequences (COI, 12S
and 16S). Below the diagonal: uncorrected “p” distances, per unit, above the diagonal: Kimura 2-parameter model. Same
group of data used for Neighbor-Joining analysis on Fig. 2A, excluding Shinkaia crosnieri. List of species, GenBank ac-
cession number in parenthesis: 1. M. lauensis (MH717895), 2. M. verrilli IMH717896), 3. M. bracteosa (DQ677684), 4—
10. M. geyeri (OP628172—-0P628179; OP620550-0P620556; OP629179-0P629185), 11. M. recta (DQ677695), 12—14.

M. exuta (OP628180-OP628182; OP620557-0P620559; OP629186—0P629188).

1 2 3 4 5 6 7
1 0.0905 0.0833 0.0841 0.0844 0.0841 0.0841
20.0839 0.0872 0.0881 0.0892 0.0890 0.0890
30.0778 0.0809 0.0031 0.0039 0.0039 0.0039
40.0785 0.0816 0.0031 0.0008 0.0008 0.0008
50.0787 0.0826 0.0039 0.0008 0.0000 0.0000
6 0.0785 0.0824 0.0039 0.0008 0.0000 0.0000
70.0785 0.0824 0.0039 0.0008 0.0000 0.0000
80.0793 0.0832 0.0039 0.0008 0.0000 0.0000 0.0000
90.0798 0.0837 0.0039 0.0008 0.0000 0.0000 0.0000
10 0.0805 0.0845 0.0047 0.0016 0.0008 0.0008 0.0008
11 0.0739 0.0848 0.0101 0.0132 0.0140 0.0140 0.0140
12 0.0785 0.0824 0.0140 0.0155 0.0163 0.0163 0.0163
13 0.0801 0.0824 0.0124 0.0140 0.0148 0.0148 0.0148
14 0.0816 0.0840 0.0140 0.0155 0.0163 0.0163 0.0163
Continued.
8 9 10 11 12 13 14
0.0850 0.0856 0.0864 0.0789 0.0842 0.0860 0.0878
0.0899 0.0905 0.0914 0.0918 0.0889 0.0890 0.0908
0.0039 0.0040 0.0048 0.0102 0.0142 0.0126 0.0142
0.0008 0.0008 0.0016 0.0134 0.0157 0.0142 0.0157
0.0000 0.0000 0.0008 0.0142 0.0166 0.0150 0.0166
0.0000 0.0000 0.0008 0.0142 0.0165 0.0150 0.0165
0.0000 0.0000 0.0008 0.0142 0.0165 0.0150 0.0165
0.0000 0.0008 0.0143 0.0159 0.0143 0.0159
0.0000 0.0008 0.0144 0.0160 0.0144 0.0160
0.0008 0.0008 0.0152 0.0168 0.0152 0.0168
0.0141 0.0142 0.0150 0.0118 0.0118 0.0134
0.0157 0.0158 0.0165 0.0117 0.0016 0.0031
0.0141 0.0142 0.0150 0.0117 0.0016 0.0031
0.0157 0.0158 0.0165 0.0132 0.0031 0.0031

The Neighbor Joining analysis, based the genetic distances obtained from the combined gene fragments analy-
sis (128, 16S, COI), resulted on the optimal tree with the sum of branch length equal to 0.27 (Fig. 2A). While the
analysis to COI gene fragment resulted on the optimal tree with the sum of branch length equal to 0.48 (Fig. 2B).
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In both cases there were a total of 1312 positions in the final dataset. On the combined gene fragments tree, speci-
mens of M. geyeri from different sites in the Atlantic Ocean grouped in a single clade with M. bracteosa from the
northeastern Pacific Ocean as the sister group. Munidopsis exuta grouped in a single clade with M. recta from the
east Pacific Ocean. Munidopsis lauensis and M. verrilli (from the southwestern Pacific Ocean) grouped as a sister
group M. geyeri—-M. bracteosa and to the M. exuta—M. recta groups. Shinkaia crosnieri constituted the sister group
of the rest of the clades. Analysis of the COI gene fragment recognized the groups of M. geyeri and M. bracteosa,
where Munidopsis sp. A (Coykendall et al. 2017) was integrated to the M. geyeri group. Munidopsis scotti (a wide-
spread species) was the sister group to the four species mentioned above, they all are close in morphology. They are
followed by M. antonii (Filhol, 1884), M. segonzaci Jones & Macpherson, 2007, M. tiburon Jones & Macpherson,
2007 (from the eastern Pacific Ocean), and M. livida (Perrier, 1886) (from the Atlantic Ocean). Munidopsis lauensis
and M. kensmithi Jones & Macpherson, 2007 were grouped with M. verrilli and are considered the basal group (all
these species occur in the Pacific Ocean; Fig. 2B).

The average value of the intraspecific genetic distances of the Munidopsis specimens (0.3% + 0.27) matched
with the average values recorded previously for the genera (0.4 + 0.3; Jones & Macpherson 2007). These agreed
with the Superfamily Galatheoidea Samouelle, 1819 (Table 5). In accord with Munididae Ahyong, Baba, Macpher-
son & Poore, 2010 intraspecific values were within range (0.1 to 0.3%) and, they were slightly lower compared with
Galatheidae Samouelle, 1819 values (0.3 to 1.4%).

Divergence values were minimal between individuals of the species M. geyeri (from the Atlantic Ocean) and M.
bracteosa (from the northeastern Pacific Ocean). These did not exceed 0.04%, whilst individuals of other species
ranged from 0 to 0.08% (M. exuta, M. recta, M. scotti, and M. antonii, Fig. 1A). The interspecific genetic distance
recorded on M. geyeri and M. bracteosa recorded an average of 1% + 0.2 (Table 3). The sequence of M. geyeri
from the northern Gulf of Mexico (USNM 310877 = ULLZ 8784) recorded genetic distance values of 0.6 and 0.8%
with M. bracteosa (all sequences; Table 4).

The studies of bathyal galatheids of the Indo-Pacific region that compare Paramunida Baba, 1988 of Munidi-
dae and Leiogalathea Baba, 1969 of Munidopsidae Ortmann, 1898; support similar patterns of diversification to
those described in shallow-water galatheids (Cabezas et al. 2012; Rodriguez-Flores et al. 2020). The morphological
homogeneity, the low intraspecific divergences, and low phylogenetic support of some genera has been explained
by a set of rapid radiation events that left no signs of evolutionary splitting or divergence of taxa, by stasis, or by
constraints in its morphological evolution (Cabezas et al. 2009; Machordom & Macpherson 2004).

The low genetic divergence of M. geyeri and M. bracteosa, could be an example of vicariance related to the
Panamanian seaway closure (Schmittner ez al. 2004). Species are genetically close and share similar niches in geo-
graphically separated areas (Faure ef al. 2015; Hiller & Lessios 2019). A possible past wide-distribution pattern of
M. bracteosa with a higher genetic flow that accounts for the low species divergences and/or population extinction
in the Atlantic should be considered. Other cold seep species (e.g. lamellibrachid tube worms) display a slow evo-
lutionary rate (Mcmullin ef al. 2003). Nevertheless, our complete understanding of these sibling species, M. geyeri
and M. bracteosa, needs an integrative analysis. The relevance of chemosynthetic associated ecosystem scenarios
would greatly contribute to future studies (Jones & Macpherson 2007).

The sequence analysis of gene fragments of specimens collected in different localities on both sides of the
Atlantic, support the differences between M. exuta and M. geyeri, displaying low intraspecific genetic distances
(1.8 to 2.4%; Table 3). These results are congruent with previous records, as M. exuta and M. recta, the latter from
the east Pacific Ocean (2.0%; Coykendall ef al. 2017), and Paramunida species range (with a minimum of 1.7%;
Table 5). The average interspecific genetic distance was relatively low (5% + 4.1) in comparison with other families
of galatheids (8.6 to 17.2%), and within Munidopsis (9.2 to 18.1%; Table 5). These results showed the difficulty
in finding a clear barcoding gap separating intra and interspecific groups, which has been suggested in species of
Munida Leach, 1820 by Macpherson & Machordom (2005). This could be resolved by adding morphological and
molecular analysis of abyssal species, including those from chemosynthetic ecosystems form both the Atlantic and
Pacific oceans (Coykendall et al. 2017; Jones & Macpherson 2007; Marin 2020). It would also suggest that the
genus Munidopsis might be constituted of different and independent evolutionary lineages (Ahyong et al. 2011).

The genetic distance between morphologically well-differentiated species, such as M. geyeri and M. livida, is
relatively high, 10.5 to 11% (Table 3). Both species co-occur in the Caribbean Sea (Gonave Bay, Haiti, and south
of Jamaica; Mayo 1974; Pequegnat & Pequegnat 1971), in the northern Gulf of Mexico (Alaminos Canyon as Mu-
nidospis sp. A in Coykendall et al. 2017) and in the Gulf of Guinea (Regab Pockmark; Macpherson & Segonzac
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M. geyeri (GM, Alaminos Canyon) (ULLZ-8912)
M. geyeri (CS, St. Croix) (USNM-231300; ULLZ-8923)
M. geyeri (GG, Regab Pockmark) (ULLZ-8863)
M. geyeri (GM, Chapopote Knoll) (CNCR-24845 ULLZ-8791)
M. geyeri (GM, Chapopote Knoll) (CNCR-24848 ULLZ-8794)
98 M. geyeri (GM, Chapopote Knoll) (CNCR-24853 ULLZ-8799)
M. geyeri (GM, northeast) (USNM-310877; ULLZ-8784)
M. b (northeast Pacific) (USNM-1100633)
A M. recta (southeast Pacific) (USNM-1100643)
97 98 M. exuta (GM, Chapopote Knoll) (CNCR-24866)

©
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FIGURE 2. Relationships of analyzed Munidopsis species inferred using the Neighbor-Joining method and uncorrected “p”
genetic distances. A, involved nucleotide sequences of combined fragment genes (COI, 12S and 16S) (same group of data used
for histogram on Fig. 1B including Shinkaia crosnieri); and B, with nucleotide sequences of cytochrome c oxidase subunit 1

(COI) (same group of data used for histogram on Fig. 1A excluding Shinkaia crosnieri). The percentage of the bootstrap is
indicated in each node.
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TABLE 5. Intra and interspecific COI genetic distances (in percentage). SD = standard deviation of the mean. Dash (“-7)
denote unavailable data. References: 1. Machordom & Macpherson (2004); 2. Cabezas et al. (2011); 3. Rodriguez-Flores
et al. (2018a); 4. Rodriguez-Flores ef al. (2017); 5. Macpherson & Robainas-Barcia (2015); 6. Macpherson & Robainas-
Barcia (2013); 7. Cabezas et al. (2008); 8. Macpherson & Machordom (2005); 9. Cabezas et al. (2009); 10. Macpherson e?
al. (2017); 11. Coykendall ef al. (2017); 12. Cabezas et al. (2012); 13. Macpherson & Machordom (2001); 14. Rodriguez-
Flores et al. (2018b); 15. Jones & Macpherson (2007); 16. Poore & Andreakis (2011); 17. Costa et al. (2007); 18. Ocampo
et al. (2013); 19. Puillandre ef al. (2011); 20. Hiller & Lessios (2019); 21. Dong et al. (2019).

Taxa Intraspecific  Intraspecific  Interspecific  Interspecific ~ Ref.

Mean + SD  Range

Mean + SD Range

Uncorrected “p” distances, per unit

Galatheoidea Samouelle, 1819 Galatheidae Samouelle, 1819 (Intergeneric: 14 + 1, 12.4-15.2, Ref. 6)

Alainius Baba, 1991 0.3 0.2-0.5
Allogalathea Baba, 1969 — —
Coralliogalathea Baba & Javed, 1974 0.8+0.5 0.3-1.3
Fennerogalathea Baba, 1988 0.7+0.7 0-1.7
Galathea Fabricius, 1793 — —
Lauriea Baba, 1971 14+1.7 0-5.2
Triodonthea Macpherson & Robainas-Bar- — 1.0-1.8
cia, 2013 — 1.2-1.6

Macrothea Macpherson & Cleva, 2010

— — 1
134+1.3 10.9-15.5 2
13.1+£22 6.7-15.1 3
9.7+12 7.6-10.7 4
17.2+22 6.3-24.6 5
9.1+14 5.2-10.6 6

6

6

Galatheoidea Munididae Ahyong, Baba, Macpherson & Poore, 2010 (Intergeneric: 18.2 + 1.8, 8.7-24.4, Ref. 1, 7, 9)

Agononida Baba & de Saint Laurent, 1996 0.1 0-0.3
Babamunida Cabezas, Macpherson & Ma- — —
chordom, 2008

Munida Leach, 1820 0.2 +0.02 0-1.22
Onconida Baba & de Saint Laurent, 1996 0.3 0.2-0.5
Paramunida Baba, 1988 0.2 0-14
Plesionida Baba & de Saint Laurent, 1996 — —
Raymunida Macpherson & Machordom, 0.2 0-2.1
2000

16.5 14-17.9 1

— 15.4-15.5 7
134+3.1 2.8-19.5 1,811
8.6 8.4-8.9 1

13 1.7-16.9 1,9, 12
— 10.8 9

11.01 7.3-13.2 1,13

Galatheoidea Munidopsidae Ortmann, 1898 (Intergeneric: 18.7 + 0.1, 17.7-21.7, This study)

Munidopsis Whiteaves, 1874 — — 15.7+1.1 14.5-17 14
— — 18.1+4.46  2.7-25 11
04+0.3 0-0.6 92+33 — 15
0.3+0.27 0-1.4 5+4.1 0.6-14.7 This study
Chirostyloidea Ortmann, 1892 Chirostylidae Ortmann, 1892
Uroptychus Henderson, 1888 — — 44 — 16
Kimura two-parameter (K2P)
Decapoda Latreille, 1802 (Intrageneric: 19.8 + 0.2, 11.3-49.9)
0.5+0.05 0-2.57 17.2+0.2 4.9-23.7 17

Brachyura Latreille, 1802 Pinnotheroidea De Haan, 1833 Pinnotheridae De Haan, 1833 (Intergeneric: 20-24.6, Ref. 18)

Calyptraeotheres Campos, 1990 09+04 0-2.2 17 15-19 18

Chirostyloidea Eumunididae A. Milne Edwards & Bouvier, 1900

Eumunida Smith, 1883 — 0-3.3 — 4.3-16 19

Galatheoidea Porcellanidae Haworth, 1825

Megalobrachium Stimpson, 1858 — — 154+63 4.6-24.7 20

Galatheoidea Munidopsidae (Intergeneric: 21.8 + 1.4, 20.4-26.2, This study)

Munidopsis Whiteaves, 1874 0.4 — 22+1.19 1.4-4 21
0.3+0.28 0-1.4 54+4.6 0.6-16.8 This study
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2005). Perrier (1886) placed M. livida into the genus Elasmonotus and then Orophorhynchus by Milne Edwards &
Bouvier (1894) on the basis of general morphology characters: a robust carapace and pereiopod 2 that exceeds the
chelipeds. Most species of Munidopsis included in the current analysis belong to Orophorhynchus group, with a
low genetic distance between species (less than 11%). Coykendall et al. (2017) recorded mean genetic distances
of 18.7% between Munidopsis species within the northwestern Atlantic and Gulf of Mexico from different depths
and ecosystems. A complete analysis of the species in the Orophorhynchus group is needed to recognize the close
morphology among the species M. geyeri and M. bracteosa in contrast to M. livida and M. geyeri that are morpho-
logically well differentiated species (Ahyong et al. 2011).

Using the K2P substitution model, we recorded a similar intraspecific average of genetic distances with the
p-distances analysis. Interspecific divergences (5.4% + 4.6; Table 3) and intergeneric divergence between species
of Munidopsis and Shinkaia crosnieri (21.8% + 1.4; Table 3) were not dissimilar to groups of Munidopsis of the
west Pacific (2.2% + 1.19; Table 5; Dong et al. 2019). The interspecific average for the Munidopsis species is lower
than the values recorded for other decapods (17%; Table 5) but are within the ranges recorded (from 4.3 to 24.7%;
Table 5). As already noted, a more comprehensive molecular phylogenetic study of the abyssal Munidopsis spp. is
required to clarify the taxonomy of this group, as occurs in other groups of squat lobsters, such as the chirostylid
genus Fumunida Smith, 1883 (Puillandre et al. 2011).

Based on this study, Munidopsis exuta and M. geyeri extend their distributional range. For both species we
suggest an amphi-Atlantic distribution pattern where the metapopulations connect following a stepping-stone pat-
tern (van Dover et al. 2002; Kimura & Weisss 1964). The number and size of eggs suggest a lecithotrophic larval
development for both species (egg size: 2.23—2.36 mm and 2.6 mm respectively; Macpherson & Segonzac 2005).
Lecithotrophic larval development restricts dispersal, however rich organic matter sites exemplified by chemosyn-
thesis-based ecosystems could provide settlement rich in organic matter locations for the larvae in its dispersal.
These could be potentially connected through organic enriched sites along the Equatorial Atlantic Belt (Levin et al.
2016; Vrijenhoek 1997).

The literature provides examples of taxa that benefit from the organic rich chemosynthetic based ecosystems
connecting along the Equatorial Atlantic Belt including mussels (Bathymodiolus boomerang Cosel & Olu, 1998 and
Gigantidas childressi (Gustafson, Turner, Lutz & Vrijenhoek, 1998)), clams (4byssogena southwardae Krylova,
Sahling & Janssen, 2010), gastropods (Cordesia provannoides Warén & Bouchet, 2009 and Phymorhynchus cingu-
latus (Dall, 1890)), polynoid polychaetes (Branchipolynoe seepensis Pettibone, 1986), sea cucumbers (Chiridota
heheva Pawson & Vance, 2004), ophiuroids (Ophioctenella acies Tyler, Paterson, Sibuet, Guille, Murton & Segon-
zac, 1995), and the alvinocarid caridean shrimps of the genus Alvinocaris Williams, 1988 (Arellano et al. 2014;
Cordes et al. 2007; Olu et al. 2010; Teixeira et al. 2013). A recent study (Herndndez-Avila et al. 2015) described a
novel larval development model with lecithotrophic early larval stages of caridean shrimps (including Alvinocaris
muricola Williams, 1988) hatching with a large lipid reserve. These larvae lack mouth appendages limiting the larva
to feed. The mouthparts appear later in its development as an ecological strategy that extends the dispersal. A simi-
lar example connecting vents and cold seep ecosystems is seen in larvae and postlarvae of bresiliid vent shrimps
(Hernandez-Avila et al. 2015; Lunina & Vereshchaka 2014), and bathymodiolid mussels (Arellano et al. 2014).

Integrative studies using ecological, paleogeographic and phylogenetic data are required to improve our under-
standing of the connectivity of abyssal species. Adding the life history stages will strengthen the models and predic-
tions required in deep sea spatial management (Cordes et al. 2010; Coykendall ez al. 2017 Olu et al. 2010; Teixeira
et al. 2013) for future sustainable resources exploitation (Hilario ef al. 2015).

Taxonomic account
Family Munidopsidae Ortmann, 1898
Munidopsis Whiteaves, 1874

Munidopsis exuta Macpherson & Segonzac, 2005
(Figs 3; 4; 5A)

Munidopsis subsquamosa.—de Saint Laurent, 1985: 475 (not M. subsquamosa Henderson, 1885),
Munidopsis crassa—Segonzac, 1992: 596 (not M. crassa Smith, 1885).
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Munidopsis geyeri—Macpherson & Segonzac, 2005: 26 (not M. geyeri, Florida Escarpment organisms: 1 male, 17.6 mm, 1
female, 10.2 mm).

Munidopsis exuta Macpherson & Segonzac, 2005: 22-25, tab. 2, fig. 5 (description, distribution and ecology).—Macpherson
& Segonzac, 2006: 442, figs 1, 2, 3 (description); Jones & Macpherson 2007: 479, tab. 1, fig. 12 (phylogenetic analysis);
Baba et al.,2008: 141 (list of taxa); Martin, 2011: 184 (distribution list); Coykendall ez al., 2017: tab. 4, fig. 4 (phylogenetic
analysis); Dong et al., 2019: 3, tab. 1, fig. 6 (phylogenetic analysis).

Type material examined. Holotype: ovigerous female, 34.7 mm (MNHN Ga 4621 = MNHN IU 2014 19814),
Mid-Atlantic Ridge, vent site Snake Pit-Les Ruches, HYDROSNAKE, Stn HS08, 23 22.15' N, 45 57.1' W, 3502 m,
26.06.1988. Paratype: 1 female, 32.0 mm (MNHN IU 2014 19818), Mid-Atlantic Ridge, vent site Snake Pit-Elan,
MAR93, Alvin Dive 2617, Stn PLMO09, 23 22.1' N, 44 56.9" W, 3500 m, 18.06.1993.

Additional material examined. Soft abyssal substrate ecosystems: Bay of Biscay, BIOGAS 5, Stn CV40, 47
33"N, 09 02' W, 2860 m, 15.06.1974: 1juv. female, 18.2 mm, 1ovig. female, 29.2 mm (CEAB CRU 2004-01, Fig.
3F, 3G). BIOGAS 6, Stn CP10, 47 30’ N, 09 04’ W, 2878 m, 21.10.1974: 1 juv. male, 17.1 mm (CEAB CRU 2004-
02). Hydrothermal vent ecosystems: Mid-Atlantic Ridge, vent site, Akademik 50, Stn 4787, 30 07’ N, 42 07" W,
3020 m: 1 ovig. female, 20.5 mm (CEAB CRU 2004-03, Fig. 3C). Mid-Atlantic Ridge, vent site TAG, AMK 47, Stn
4343, 26 08" N, 44 49’ W, 3650 m, 26.06.2002: lovig. female, 39.5 mm, 1 female, 31.6 mm (CEAB CRU 2004-
04). Cold seep ecosystems: Florida Escarpment, ALVIN 3637, 4-5, 26 01.8' N, 84 54.9' W, 3288 m, 30.10.2000:
1 juv. female, 10.2 mm, 1 male, 17.6 mm (CEAB CRU 2004-05, Fig. 3D, E). Southern Gulf of Mexico, Chapopote
Knoll, Dive 81 Stn GeoB10617-5, 21 53.94' N, 93 26.226" W, 2919.2 m, 11.04.2006: 1 juv. male, 13.3 mm (CNCR
24866). Dive 82 Stn GeoB10619-19, 21 53.922' N, 93 26.166" W, 2875 m, 12.04.2006: 1 ovig. female, 41.2 mm
(CNCR 24846 = ULLZ 8792, Fig. 3B), 1 male, 25.72 mm (CNCR 24857 = ULLZ 8861, Fig. 3A). Dive 84, Stn
10625-13, 21 53.994" N, 93 26.124' W, 2916 m, 15.04.2006: 2 females, 28.5 mm (CNCR 24867), 32.6 mm (CNCR
24869), 1 male, 28.6 mm (CNCR 24868). Gulf of Guinea, Regab Pockmark site, BIOZAIRE 3, Stn CP20, 05 46.89’
S, 09 44.66" E, 3113 m, 02.01.2004: 1 juv. female, 8.3 mm (CEAB CRU 2004-06).

Remarks. The specimens of Munidopsis exuta collected at Chapopote Knoll (n = 6) match the original de-
scription of the species; nevertheless, some variations are observed. The rostrum is horizontal or slightly upcurved
(upcurved in the holotype from 3502 m depth). The antennal spine is present (left and right sides) in one specimen
(CNCR 24867) and only the right antennal spine in another specimen (CNCR 24857 = ULLZ 8861, Fig. 3A), be-
ing always smaller than the first lateral spine of the carapace (absent in the holotype and specimens from Bay of
Biscay and Mid-Atlantic Ridge). Apart of the two well-developed conical epigastric spines (in adults), some speci-
mens (50%) present spine-like tubercles on the gastric region (CNCR 24857 = ULLZ 8861, Fig. 3A; CNCR 24846
= ULLZ 8792, Fig. 3B, CNCR 24868). The specimens from the Florida Escarpment (in the northeastern Gulf of
Mexico) and the Regab Pockmark site (Gulf of Guinea) match the diagnostic identification of M. exuta with regards
the shape of the rostrum, the absence of antennal spines, and the shape of the dactylus on the walking legs. These
diagnostic characters are detected on juvenile organisms of all localities. Figure 4 shows a comparison between
juvenile specimens of M. exuta and M. geyeri.

Ecology. Munidopsis exuta has been recorded on soft abyssal substrates and in the immediate vicinity of active
hydrothermal vent structures (Macpherson & Segonzac 2005). The specimens of M. exuta analyzed in this study
were collected at three cold seep sites, two in the Gulf of Mexico (Chapopote Knoll, in the southern Gulf of Mexico
and in the Florida Escarpment in the northeastern Gulf of Mexico), and one specimen from a cold seep site in the
Regab Pockmark in the Gulf of Guinea. Those specimens from Chapopote Knoll were collected from the main as-
phalt field (continuous asphalt flow habitat), asphalt fragments (breccia with chemosynthetic influence habitat) and
gas seepage habitats.

At the Mid-Atlantic Ridge hydrothermal vents M. exuta was collected at the base of an active edifice in a baited
trap, together with a nephropid lobster Thymopides laurentae Segonzac & Macpherson, 2003, and a macrurid fish
Coryphaenoides armatus (Hector, 1875), but also at the base of an inactive site among empty shells of mytilid
bivalves (Macpherson & Segonzac 2006). Munidopsis exuta was also collected along with M. geyeri on two cold
seep ecosystems: Regab Pockmark and Chapopote Knoll (at breccia influenced by chemosynthesis). Morphologi-
cal similarities among specimens through video identification were limited by the lack of close-up video by the
ROV in Chapopote Knoll. The wide-angle images recorded a random distribution pattern among Chapopote Knoll’s
seafloor habitats.

Geographical distribution. Our records extend the known distribution of M. exuta from Bay of Biscay and the
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Mid-Atlantic Ridge to the Gulf of Mexico and the Gulf of Guinea from 2860 to 4237 m depth (Fig. 5A). Within the
Gulf of Mexico (Felder et al. 2009b) the distribution extends from the north-northeastern (NNE; Florida Escarp-
ment) to the south-southwestern (SSW; Chapopote Knoll) cold seep sites. The species displays an amphi-Atlantic
distribution and matches the pattern described by Schnabel ez al. (2011) and Navas et al. (2013).

FIGURE 3. Munidopsis exuta Macpherson & Segonzac, 2005. A, male, from Chapopote Knoll (CNCR 24857 = ULLZ 8861);
B, ovigerous female, Chapopote Knoll (CNCR 24846 = ULLZ 8792); C, ovigerous female, Mid-Atlantic Ridge (CEAB CRU
2004-03); D, juvenile female and E, juvenile male, Florida Escarpment (CEAB CRU 2004-05); F, juvenile female, and G,
ovigerous female, Bay of Biscay (CEAB CRU 2004-01). Scale bar = 10 mm in A, B, C, G; 5mm in D, E, F.
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FIGURE 4. Morphological comparison between Munidopsis exuta and Munidopsis geyeri juveniles. CL = carapace length.

Munidopsis geyeri Pequegnat & Pequegnat, 1970
(Figs 4, 5B, 6)

Munidopsis subsquamosa.—Ambler, 1980: 25-26.

Munidopsis cf. subsquamosa.—Turnipseed et al., 2004: 123.

Munidopsis geyeri.—Wicksten & Packard, 2005: 1761 (not Munidopsis subsquamosa synonym).

Munidopsis sp.—Olu et al., 1996: 371 (table), 372.—Olu et al., 1997: 209, 834 (table).—Cordes et al., 2007: 643, 647 (table),
649.

Munidopsis sp. A—Coykendall et al., 2017: 267-270, tabs 1, 4, fig. 4 (phylogeny).

Munidopsis geyeri Pequegnat & Pequegnat, 1970: 139, 149-151, figs 5-1, 5-2, 5-9, 5-10, (key, description and table); 1971:
5 (key), 19 (distribution remarks).—Mayo, 1974: 28, 431 (table), 38 (key), 144—154, figs 20-21 (description and
ecology).—Gore, 1983: 202 (table), 208 (taxonomic remarks, discussion), 213 (zoogeography).—Navas et al.,
2003: 201, 217 (key and list).—Baba, 2005: 163, fig. 76 (taxonomic remarks and distribution).—Macpherson
& Segonzac, 2005: 25-26, fig. 6 (taxonomic remarks, distribution and ecology). —Baba et al., 2008: 142 (list
of taxa).—Felder et al., 2009a: 1066, 1094 (checklist).—Gaytan-Caballero, 2009: 1-146 (taxonomy, biology
and ecology).—Olu et al., 2009: 2386, 2390, 2391, tabs 2, 6, 7, (ecology, local distribution, density and diet).—
Oluet al., 2010: 4, 5, 7, tab. 3 (biogeography).—Navas et al., 2013: 3505, 3507 (biogeography).—Kilgour &
Shirley, 2014: 406, tab. 4, fig. 12H (reproductive biology).—Vazquez-Bader & Gracia, 2016: 23 (list).

Type material examined. Holotype: juv. male, 17 mm (USNM 128812), southwestern Gulf of Mexico, Stn 69-A-
11-92, 2330'N, 9532'W, 2926-2999 m, 27.08.1969.
Additional material examined. Soft abyssal substrate ecosystems: Caribbean Sea, San Croix, Alvin DSR/V
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Stn 1078, 1794'N, 6481'W, 4000 m, 05.12.1980: 4 juv. female, 2 juv. male, 2.97-10.25 mm (USNM 231300 =
ULLZ 8923). Gonave Bay, Haiti, Stn P-1180, 1855'-1844.4" N, 7353'-7355'W, 3111-3496 m, 01.07.1970: 1 fe-
male, 27.1 mm, 1 male, 21.8 mm, 1 juv. male, 18.9 mm (UMML 32: 5246). Azores Islands, BIOACORES Stn 202,
3726.5'N, 2500"W, 2900 m, 06.11.1971: 1 male, 36.9 mm (MNHN Ga 1182). Off Mauritania, Africa, EUMELI 4
Stn CPH-15, 1853'N, 2108'W, 3124 m, 01.06.1992: 1 juv. male, 11.2 mm, 1 male, 21.2 mm (MNHN Ga 6525).
Northeastern Gulf of Mexico, Gyre DGoMB, Stn S-41, 2754.23'N-2804.33'N, 8626.08 ' W—-8640.65"W, 2930~
3030 m, 09.06.2000: 1 male, 23.2 mm (USNM 310877 = ULLZ 8784). Cold seep ecosystems: Gulf of Guinea,
Regab Pockmark site, BIOZAIRE 3, Stn CP20, 0546.89'S, 0944.66'E, 3113 m, 02.01.2004, 1 juv. female, 12.9 mm;
3 juv. females 17.68—19.49 mm, 3 ovig. females, 33.5-43.3 mm, 21 females, 20.1-38.5 mm, 3 juv. males, 17.6—19.6
mm, 19 males, 24.5-38.8 mm (five broken; MNHN Ga 5662 = MNHN IU 2008 13352); 1 female, 28.8 mm, 3 juv.
males, 8.3-19.0 mm, 2 males, 28.8-31.1 mm (CEAB CRU 2004-07, Fig. 6A; ULLZ 8863, ULLZ 8862). Oft Gabon,
BIOZ-RECUP Mac10 (160), (158), (154), (152), 0551'S, 0941.98'E, 3155 m, 01-06.02.2003: 5 juv., 3.2-6.4 mm
(MNHN Ga 6521-MNHN Ga 6524). Northwestern Gulf of Mexico, Alaminos Canyon (AC818), ATLANTIS, MPB
Stn J2-282, 2618'N, 9462'W, 2744.8 m, 01.07.2007: 1 male, 27.9 mm (USNM 1178677 = ULLZ 8912). South-
western Gulf of Mexico, Chapopote, Dive 82 Stn GeoB10619-19, 2153.922'N, 9326.166" W, 2875 m, 12.04.2006:
7 ovig. females, 31.0-47.4 mm (CNCR 24847, CNCR 24848 = ULLZ 8794, CNCR 24849—CNCR 24852, CNCR
24853 = ULLZ 8799), 3 females, 27.0-32.0 mm (CNCR 24845 = ULLZ 8791, CNCR 24855, CNCR 24856, Fig.
6B), 9 males, 24.2-38.5 mm (CNCR 24854, CNCR 24858— CNCR 24865).

Diagnosis. Carapace slightly longer than broad (length-width ratio >1.2), 2 well-developed epigastric spines
bearing spine-like tubercles and non-sharp tubercles through carapace, as well as ridges (setiferous scale-like on an-
terior half, and longer interrupted transverse ridges on posterior half). Anterior margin with antennal spine subequal
to anterolateral (first spine on lateral margin) and this one directed slightly forward; second spine of lateral margin
well-developed, bigger than anterolateral spine. Rostrum form as isosceles triangle (broad at base, distally some-
what narrowed), dorsally well carinated and lateral margins bearing small teeth. Cornea relatively reduced (mod-
erately broader than the eyestalk) having distomesial eye-spine. Basal article of antennular peduncle bearing well
developed dentate process, ending in a distomesial tubercle, and 2 spines in distolateral and distodorsal position.
Absence of denticulate carina on mesial margin of P1. P2 over-reaching P1. P2—4 dactyli strongly curved distally.
Epipods present only on P1. Pleon spineless, posteromedian margin of pleonite 6 weakly convex, not produced.

Redescription. Carapace slightly longer than broad (length-width ratio >1.2), pentagonal, wide at distal region;
lateral margins slightly convex; cervical groove well-defined, gastric region with two well-developed conical epi-
gastric spines, anterior branchial region with some spine-like tubercles (one to eight surrounding epigastric spines)
and scale-like ridges elsewhere; posterior part of carapace with interrupted, elevated ridges; short setae across
carapace (Fig. 6C, 6D). Anterior margin of carapace oblique, bearing sharp antennal spine similar in size to anteri-
orly directed anterolateral (first spine on lateral margin) (Fig. 6E). Second spine of lateral margin well developed,
larger than anterolateral, originating just behind anterior branch of cervical groove. Usually 2 or 3 more spines (up
to 6 spines on lateral margin of carapace). Posterior margin of carapace with a continuous double ridge along with
setae (Fig. 6D). Rostrum forming isosceles triangle (broad at base, distally somewhat narrowed, Fig. 6F), strongly
upturned distally, proximal half somewhat straight. Median carina well defined on dorsal region, ridges scale-like
and small tubercles that increase in number proximally, ventral region smooth. Lateral margins bearing small teeth.
Rostrum usually one-half carapace length, sometimes less (in smaller specimens).

Pleon weakly tuberculate, tubercles apparent on pleura (Fig. 6C), with some isolated setae; pleonites 2—4 bear-
ing 2 elevated transverse ridges; pleonite 5 and pleonite 6 with scattered scale-like tubercles, anterior edge with row
of rounded teeth and continuous line of short setae (Fig. 6B, D). Pleonite 6 with well-defined posterolateral lobes,
posteromedian margin weakly convex, not produced or overhanging the posterolateral lobes (Fig. 6G). Protopod of
uropod with posterolateral margin in 3 lobes bearing scale-like tubercles and setae; posterior lobe with group of den-
ticles and sharp teeth separated by notch. Telson wider than long (wide/length ratio usually 1.43, range 1.28-1.69),
composed of 8 to 10 plates (usually 8), armed with scale-like tubercles with setae scattered over surface (Fig. 6G).
Several short, calcified setae on margin (except proximal one).

Thoracic sternum bearing transversal depressions between each sternite, anterior margins between coxae of P1
serrate; small scale-like tubercles with setae along forward edge. Sternite 3 complete, slightly narrow forming ap-
posed lobe bearing anteromedian process at either side of slightly deep median groove (Fig. 6H).

Ocular peduncles slightly movable, wide at proximal region, bearing small tubercles and setae. Cornea rela-
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tively reduced (moderately broader than the eyestalk), armed with an elongate and sharp distomesial eye-spine
directed slightly forward (sometimes directed anterolaterally) and covering less than one-half of the ocular (cornea,
Fig. 6E).

Antennule basal article somewhat tuberculate, inflated laterally; dentate process well developed, ending in a
distomesial tubercle (sometimes as small spine) and 2 sharp spines, distolateral and distodorsal, of almost equal size
(Fig. 61). Setae of extended flagellum barely reaching tip of rostrum.

FIGURE 5. Geographic distribution of A, Munidopsis exuta and B, M. geyeri. Numbers with circles represent specimens
analyzed in this study, letters with triangles represent populations not examined on this study. See Table 1. Base map from
UNINMAR (2020).
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FIGURE 6. Munidopsis geyeri Pequegnat & Pequegnat, 1970. Specimens from A, Regab Pockmark site (Gulf of Guinea;
CEAB CRU 2004-07) and B. Chapopote Knoll (Gulf of Mexico; CNCR 24856). C, lateral and D, dorsal view. Morphological
features: E, distal part of cephalothorax, antennal spine; F, shape of rostrum; G, antennular peduncle, distolateral and distodorsal
spines; H, anntenal peduncle; I, third maxilliped; J, thoracic sternite; K, carpus of cheliped; L, ischium of cheliped, dorsolateral
spine; M, dactylus, strongly curved at the end of extensor margin, number of teeth on flexor margin; N, telson; O, gonopod 1
(G1); P, gonopod 2 (G2).

Antennal peduncle bearing small tubercles, usually decreasing in number by article 4. Article 1 broad, armed
with two triangular teeth, often ventromesial tooth sharper and longer, while lateral tooth is broad. Article 2 with
distomesial tubercle and elongated distolateral spine barely reaching one-half of article 3; dorsal region bearing
a tooth on proximal margin. Article 3 with small tubercles or spines around distal margin, usually larger denticle
in lateral and mesial margins armed with smaller teeth (Fig. 6J). Flagellum long, approximately 4 times carapace
length.

Third maxilliped articles bearing small tubercles and some setae. Basis with mesial ridge armed with 2—7 (usu-
ally 5 teeth), ischium with mesial denticulate carina (range 15-27 teeth) and with small spine on extensor distal
margin. Merus armed with distal spine on extensor margin, sometimes also with tubercles or small spines. Flexor
margin with (1-6) usually 4 well developed spines and smaller spines or tubercles also. Carpus usually unarmed,
setae thicker in mesial region, as well as in propodus and dactylus (Fig. 6K).

P1 (cheliped) with epipod, article surfaces armed with tubercles and spines associated with setae. Ischium
armed with dorsolateral spine and one smaller mesial spine, as well as scattered tubercles (Fig. 6L). Merus smaller
than chela, armed with scale-like tubercles more apparent in dorsal region, 4 distal spines: distomesial, distodorsal,
distolateral, and distoventral, and middorsal spines (range 2—8), decreasing in length proximally region. Carpus
slightly narrow (length:width ratio 1.1-1.6) armed with tubercles on dorsal region and variable distal ornamentation
(usually 4 spines: lateral, dorsolateral, adjacent to propodus joint and mesial, Fig. 6M). Chela narrow, not slender
(width:length ratio usually 0.28; range 0.24—0.45), dorsoventrally compressed in distal region and somewhat in-
flated in proximal region, armed with scale-like tubercles bearing row of rounded teeth and continuous short setae
along forward edge. Propodus pollex (fixed finger) without denticulate carina on mesial margin. Tips of dactylus
(movable finger) and pollex spooned, margins dentate.

P2-P5 lacking epipods. P2—P4 similar in shape, with tubercles and spines associated with setae, slender and
slightly narrow (measured on P2: ratio of total pereiopod length/merus width 9— 13), armed with tubercles, spines,
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and setae. Ischium bearing dorsal blunt teeth and projections. P2 usually over-reaching P1 or nearly same size.
Merus slightly longer than propodus, with well-developed distal spines in extensor and flexor margins, dorsomesial
ridge usually with 6 spines decreasing in length proximally region (range 0—11), along with tubercles and setae ar-
ranged in lines. Carpus bearing enlarged spines at dorsomesial angle of distal margin, usually followed by row of
3 smaller spines and ridge of tubercles; tubercles scattered through carpus, decreasing on flexor surface. Propodus
bearing two mobile spines on distal flexor region and with several raised longitudinal rows of small tubercles on
flexor surface and more apparent ridges on extensor surface; variable number of spines (range 0—8) along with setae.
Dactylus moderately slender (ratio of dactylus width measured at mid-length/total dactylus length: range 0.17-0.26,
usually 0.21-0.22), length approximately 3/4 propodus length, strongly curved at the end of extensor margin, and
ending in a brown claw. Flexor margin with a row of proximally diminishing low dactylus teeth (range 12—17, usu-
ally 14), each with corneous spinule projecting from anterior edge. Distal tooth remote from the terminal claw (end
of dactylus) and much closer to penultimate tooth (Fig. 6N). P5 armed with small tubercles on lateral margin, small
and blunt teeth on ventral margin. Propodus and dactylus distal region bearing elongated setae. Male pleopods as
Figure 60 (gonopod 1, G1) and Figure 6P (gonopod 2, G2).

Color. White with golden setae, cornea orange.

Size. Maximum CL 47.41 mm ovigerous female (CNCR 24848) from Chapopote Knoll, southwestern Gulf of
Mexico, CL 38.51 mm female and CL 38.79 mm male (IFREMER) from Regab Pockmark, Gulf of Guinea. Juve-
niles (gonopods immature) present a CL between 2.17 mm and 20.00 mm.

Remarks. The morphological similarity between M. geyeri and M. subsquamosa was noted since the first
description of M. geyeri, Pequegnat & Pequegnat (1970) recognized the following differences: M. subsquamosa
with a mobile eyestalk, pleon armed with granules and three denticulate spines on merus of third maxilliped. Those
differences were considered insufficient to support the specific difference between species and fell into synonymy
(e.g. Ambler 1980; Wicksten & Packard 2005). Mayo (1974) and Gore (1983) compared the species and the original
description by Henderson (1888) along with M. pallida Alcock, 1894 (as M. subsquamosa var. pallida Alcock &
Anderson, 1894), with emphasis on the carapace spine-like tubercles (more than 2 epigastric spines in M. subsqua-
mosa), the appearance of the cardiac region (less apparent), the length and orientation of the rostrum (usually 1/3
of the carapace length, almost straight), and the direction of the second spine of the carapace margin (anterolateral).
Baba (2005) reviewed M. pallida in detail and compared it with the holotype of M. geyeri, concluding that the
principal difference between the species lays in the strong distal curvature on P2—P4 dactyli and the greater proxim-
ity of the ultimate flexor marginal process to the penultimate than to the tip of the article in M. geyeri. Similarly,
five species from the Pacific Ocean (M. abyssicola Baba, 2005, M. panamae Baba, 2005, M. petila Baba, 2005,
M. producta Baba, 2005 and M. recta) resemble M. geyeri morphologically. These can easily be distinguished by
the P2—P4 dactylus curvature and dactylus/propodus length ratio (M. panamae and M. recta by a slightly curved
dactylus, ratio 0.68-0.75, M. petila with a ratio of 0.71-0.72, M. producta 0.64, and M. abyssicola 0.55) as well as
shape and direction of the rostrum. Munidopsis bracteosa and M. scotti (Jones & Macpherson 2007) are morpho-
logically similar to M. geyeri. These species can be differentiated by a produced posteromedian lobe in pleonite 6 on
M. bracteosa, whereas M. scotti has a carapace armed with more than two gastric spines, rostrum weakly carinate
and almost straight. Other Atlantic Ocean species are similar to M. geyeri: M. crassa differs by >20 spines on the
carapace and >4 spines on the lateral margins, and a produced posteromedian lobe on pleonite 6 (as pointed out by
Mayo 1974). Munidopsis hirtella Macpherson & Segonzac, 2005 and M. exuta differ from M. geyeri by a spine-
like rostrum, posterolateral lobes of pleonite 6 overreaching the transverse posteromedian margin, P2—P4 dactylus
length similar to the propodus, a larger number of gastric spines in M. hirtella, and the absence of well-developed
antennal spines in M. exuta (Fig. 4).

The morphological intraspecific variability of M. geyeri was recorded in 24 juveniles and 70 adults (35 females,
9 of which were ovigerous, and 35 males), and among individuals of the same size. More than half of the reviewed
characters varied both in juveniles and adults. This variability led us to re-describe M. geyeri. The re-description
follows Baba (2005), Gore (1983), Macpherson & Segonzac (2005), Pequegnat & Pequegnat (1970), Pequegnat &
Pequegnat (1971) and Mayo (1974) description of three specimens (one female, one male and one juvenile) and the
specimens analyzed herein.

Biology. Sexual dimorphism on lateral margin of telson, with more dense setae in males. Males and females are
not significantly different in size in the Chapopote Knoll population (t-test, df =22, t = 1.239, p = 0.2285, n = 24;
Gaytan-Caballero 2009) and with those from the northern Gulf of Mexico (t-test, df =9, t=-1.023, p=0.333,n=
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11; Kilgour & Shirley 2014). Ovigerous females were sampled form the Regab Pockmark site in January (Gulf of
Guinea), and from Chapopote Knoll in April (Gulf of Mexico), no ovigerous females have been sampled from June
through August, and December in the northern Gulf of Mexico (Kilgour & Shirley 2014). Other isolated sampled
specimens prevent recognition of the existence of ovigerous females form the sites. Ovigerous females from Ch-
apopote Knoll, carry up to 140 embryonated eggs with an average size of 2.36 mm (2.36 + 0.22; n = 590). In the
Regab Pockmark site embryonated eggs have an average size of 2.23 mm (2.23 + 0.14; n =21). Based on the num-
ber and size of eggs in Munidopsis geyeri this study suggests that this species could have lecithotrophic larvae.

Ecology. Microscopic filamentous epizoans were recorded attached to the body surfaces, appendages and setae
in specimens from Gonave Bay (Mayo 1974). Parasites found on M. geyeri include the branchial bopyrid isopod
(in female from the Venezuela Basin; Gore 1983) and Cirripedia (Superorder: Rhizocephala Miiller, 1862) on the
pleonal ventral region (six specimens from the Regab Pockmark and in one male form Chapopote Knoll: CNCR-
24854).

As mentioned above, M. geyeri was collected along with M. livida. It co-occurs with M. colombiana Pequegnat
& Pequegnat, 1971, M. crassa, M. aries (Milne Edwards, 1880) and M. reynoldsi (Milne Edwards, 1880) in the Co-
lombia Basin (Pequegnat & Pequegnat 1971). It co- occurs with M. bermudezi Chace, 1939 in the Venezuela Basin
(Gore 1983) and the Alaminos Canyon in the northeastern Gulf of Mexico (Coykendall et al. 2017). It co-occurs
with M. hirtella at the Regab Pockmark in the Gulf of Guinea. In Chapopote Knoll, M. geyeri was randomly dis-
tributed co-occurring with M. exuta and background fauna. The specimens were more abundant on the asphalt and
the active seeping sites than in the background habitats. On the asphalt, the species coexists with typical seep biota
including tube worms (Escarpia laminata Jones, 1985), mussels (Bathymodiolus heckerae Turner, Gustafson, Lutz
& Vrijenhoek in Gustafson, Turner, Lutz & Vrijenhoek, 1998 and B. brooksi Gustafson, Turner, Lutz & Vrijenhoek,
1998), ophiuroids (Ophioctenella acies), caridean shrimps (4 /vinocaris muricola), holothurians (Chiridota heheva),
encrusting sponges, and demersal fishes (Pachycara Zugmayer, 1911). Similarly, in the Regab Pockmark site M.
geyeri specimens have been recorded in vesicomyid clusters empty shells on the periphery of the pockmark and co-
occur with holothurids and other seep biota. The species is more abundant in active seeps (Olu ez al. 2009). Associa-
tion with M. exuta in Regab Pockmark is difficult to confirm due to a single recorded juvenile female (Table 1).

Geographical distribution. The known geographic distribution of Munidopsis geyeri is extended to the north-
western (NW) and to the south-southwestern (SSW) Gulf of Mexico (Felder et al. 2009b), and off Mauritania, Af-
rica (Fig. 5B). Munidopsis geyeri displays an amphi-Atlantic distribution (Navas et al. 2013; Schnabel et al. 2011).
The species is known from the wider Caribbean Sea, the Gulf of Guinea, off Mauritania in the northwestern Africa,
and the Azores Islands (Fig. 5B) at depths of 1700 to 4151 m. Mayo (1974) calculated the occurrence of the species
to a depth range 0f 2790—4151 m for three Caribbean Sea specimens (off Gonave, Haiti) based on the greatest depth
of occurrence, at the shallowest station, to the least depth at the deepest station.

Discussion

The morphological variability of the species of the genus Munidopsis, previously discussed by Chace (1942), is
herein exemplified for Munidopsis exuta and M. geyeri. The specimens examined display individual variability in
each species, but the characters measured following the criteria proposed by Baba (2005) allow clear separation of
the two species. High-resolution ROV photography and close-up assisted in differentiating the species’ general mor-
phology and diagnostic characters during the exploratory dives. The presence and absence of characters and mea-
surements allowed us to identify as M. exuta, the juvenile specimens from the Florida Escarpment (Gulf of Mexico)
and those from the Regab Pockmark site (Gulf of Guinea). This species was described based on seven specimens
(Macpherson & Segonzac 2005). In the present study we analyzed 10 more individuals (4 juveniles, 2 ovigerous fe-
males, 2 females and 2 males) and offer an insight to the biology and ecology of the species. The shape and quantity
of eggs recorded were similar in ovigerous females of M. exuta and M. geyeri (Gaytan-Caballero 2009; Kilgour
& Shirley 2014). The size and number of eggs suggest lecithotrophic larval development and dispersion strategy in
the amphi-Atlantic geographic distribution.

Pequegnat and Pequegnat (1970) described Munidopsis geyeri from a juvenile (17 mm carapace length). The
description was based in 16 characters in nine body structures. The characters that described the juvenile are ren-
dered obsolete today. The sampling of adult individuals and study of specimens from different locations confirm the
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variability mentioned by Gore (1983) that led to synonymy of this species in the past. Revisiting these characters
in the current analysis that included juvenile and adult specimens helped to identify the specificity despite the vari-
ability recorded. The two transverse ridges on pleonites 2—4, a diagnostic character described by Mayo (1974), is
absent in some juveniles, having ridges only on pleonites 2 and 3. This study proposes five characters as diagnostic
characters based on homogeneity and range of variation of the distolateral and distodorsal spines of the antennular
peduncle that are almost equal in size; the dactylus of P2—P4 moderately slender (ratio of width at mid-length to
length 0.22, range 0.17-0.26); chela narrow, not slender (length/width ratio 0.28, range 0.24—0.35); pleonite 6 with
the posteromedian margin weakly convex, not produced or overhanging the posterolateral lobes; the telson wider
than long (width/length ratio usually 1.43, range 1.28—1.69). Most of these characters are important in comparing,
differentiating species and describing new ones (Baba 2005; Macpherson & Segonzac 2005).

The sampling strategy is an important factor. Very few specimens of M. geyeri have been collected from benthic
trawls from soft abyssal substrate. New tools and technology, e.g., manned submersibles and ROVs, help to collect
in the small spatial scale and the rocky substrates. These tools help to document with video and images providing
an insight of the species habitat selectivity and distribution patterns. These tools helped place the traps that provided
19 and 56 M. geyeri specimens from the Chapopote Knoll and Regab Pockmark sites, respectively, in contrast with
6 specimens obtained in trawls in the Venezuela Basin (Gore 1983).

Morphological and molecular genetic distances deliver information that support identification in addition to the
diagnostic characters, highly variable, that characterize each of the co-occurring species, M. exuta and M. geyeri.
The genetic homogeneity measured between individuals from the populations of the two species at both sides of the
Atlantic Ocean was confirmed. The fragments of genes analyzed limit a complete inference at the population level.
Our results confirm that both species, M. exuta and M. geyeri have an amphi-Atlantic distribution pattern connected
by chemosynthetic ecosystems serving as stepping-stones in the Atlantic Tropical Equatorial Belt.
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