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Abstract 

Squat lobsters (Galatheoidea and Chirostyloidea), a diverse group of decapod crustaceans, are ubiquitous 

members of the deep-sea fauna. Within Galatheoidea, the genera Munida and Munidopsis are the most 

diverse, but accurate estimates of biodiversity are difficult due to morphological complexity and cryptic 

diversity. Four species of Munida and nine species of Munidopsis from cold-water coral (CWC) and cold 

seep communities in the northwestern Atlantic Ocean (NWA) and the Gulf of Mexico (GOM) were 

collected over eleven years and fifteen research cruises in order to assess faunal associations and estimate 

squat lobster biodiversity. Identification of the majority of specimens was determined morphologically. 

Mitochondrial COI sequence data, obtained from material collected during these research cruises, was 

supplemented with published sequences of congeners from other regions. The phylogenetic analysis of 

Munida supports three of the four NWA and GOM species (M. microphthalma, M. sanctipauli, and M. 

valida) as closely related taxa. The fourth species, Munida iris, is basal to most other species of Munida, 

and is closely related to M. rutllanti, a species found in the northeastern Atlantic Ocean (NEA). The 

majority of the nine species of Munidopsis included in our analyses were collected from chemosynthetic 
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cold seep sites from the GOM. While seep taxa were scattered throughout the phylogenetic tree, four of 

these species (Munidopsis livida, M. similis, M. bermudezi, and M. species A) from the NWA and the 

GOM were part of a large eighteen-species clade that included species collected from Pacific Ocean 

chemosynthetic habitats, such as hydrothermal vents and whale falls. Shinkaia crosnieri was the sister 

taxon to the chemosynthetic clade, and M. livida was the most basal member of this clade. Munidopsis sp. 

B, an undescribed species with representative individuals collected from two GOM chemosynthetic sites, 

exhibited the largest genetic distance from other northern Atlantic species. Generally, intraspecific 

diversity was lower and patterns of haplotype diversity more simple in species of Munidopsis relative to 

Munida. This study puts two genera of NWA and GOM squat lobsters into a population genetic and 

phylogenetic context with regard to biogeography and habitat to enhance understanding of the history and 

evolutionary trajectories of these morphologically and ecologically diverse groups. 

1. Introduction 

 

Squat lobsters are ubiquitous members of the deep-sea macrofauna.  They are a polyphyletic, diverse 

group of anomuran crabs that derive their common name from their lobster-like morphology with an 

elongated abdomen tucked under the thorax and elongated chelipeds (Baba et al., 2011). Marine squat 

lobsters (Chirostyloidea: Chirostylidae Ortmann, 1892, Kiwaidae Macpherson, Jones and Segonzac, 

2005, Eumunididae Milne Edwards and Bouvier, 1900; Galatheoidea: Galatheidae Samouelle 1819, 

Munidopsidae Ortmann 1898, Munididae Ahyong, Baba, Macpherson and Poore, 2010) comprise 

approximately 1,000 species worldwide (Schnabel et al., 2011), with many not yet formally described. 

Two genera within the Galatheoidea, Munida (Munididae) and Munidopsis (Munidopsidae), are the most 

diverse, with over 250 and 225 species, respectively (Macpherson and Baba 2011). Most species of 

Munida and Munidopsis live in deep waters. The majority of species of Munida are found at continental 

shelf and slope depths, whereas species of Munidopsis are found mainly on continental slopes and abyssal 

plains (Baba et al., 2008; Macpherson and Baba 2011).  

Knowledge of squat lobster biodiversity has improved in recent decades, allowing for a comparison of 

broad-scale biogeographic patterns in species distributions and centers of endemism (Schnabel et al., 

2011). Schnabel et al. (2011) defined ten distinct biogeographic regions, with highest diversity in the 

tropical western Pacific. The western Atlantic Ocean (WA) biogeographic province (BGP) sensu Schnabel 

et al. (2011) is an area that extends from the New England coast of the United States, to the southern coast 

of Brazil, and westward to include all of the GOM. Based on the proportion of endemic species, the WA 



province is one of three global centers of endemism. In the WA, approximately 35 species of Munida are 

recognized (Baba et al., 2008) of which 20 have been reported from the GOM (Felder et al., 2009) and 48 

species of Munidopsis occur in the WA (Baba et al., 2008) of which 36 have been reported from the GOM 

(Felder et al., 2009).   

Within the WA province north of the equator, encompassing the GOM and the eastern continental shelf 

and slope of the United States (NWA), two habitat types greatly influence patterns and levels of 

biodiversity: chemosynthetic cold seep and cold-water coral (CWC) communities. Anomurans in general 

and galatheoids in particular, are the dominant top predator/scavengers found in reducing habitats 

(Chevaldonné and Olu 1996). Members of the genus Munidopsis are frequently found associated with 

extreme environments, including hydrothermal vents and cold seeps (Martin and Haney 2005). In fact, 

Munidopsis is the most speciose and widespread of all hydrothermal vent-associated taxa (Martin and 

Haney 2005). Species of Munidopsis have been reported from these habitats since their discovery in the 

late 1970s (Chevaldonné and Olu 1996). Galatheoids were also recorded from cold seep environments 

when these reducing habitats were first discovered in the GOM during the mid-1980s (Paull et al., 1984).  

Moreover, quantitative surveys of mega- and macro-invertebrates conducted in chemosynthetic cold seep 

habitats of the GOM (e.g., MacDonald et al., 1989; Carney 1994; Bergquist et al., 2003; Cordes et al., 

2006; 2007; 2009) reported squat lobsters as being important, and sometimes dominant, members of seep-

associated fauna. Cold seeps were not known to occur on the continental slope off the Atlantic coast of 

North America until the discovery of a methane seep at Blake Ridge Diapir off the coast of South 

Carolina (Van Dover et al., 2003). Given that multibeam water-column backscatter data suggests more 

than 570 gas plumes exist from Cape Hatteras to Georges Bank (Skarke et al., 2014), additional cold seep 

faunal communities are likely to be discovered (e.g. Brothers et al., 2013; Demopoulos et al., 2014; 

Quattrini et al., 2015),  thus increasing the possibility for discovery and collection of additional of squat 

lobster species.  

CWC habitats can be hot spots of biodiversity, with as many as 1,300 species found associated with 

Lophelia pertusa reefs in the North Atlantic (Rogers 2004). Coral species richness influences variation in 

fish and crustacean assemblages in several submarine canyons off the coast of New England (Quattrini et 

al., 2015). Large reef structures of colonial stony coral support diverse invertebrate assemblages in the 

northern GOM (Cordes et al., 2008) and ophiuroid assemblages in the southwestern Pacific Ocean 

(O’Hara et al., 2008). Bioherms formed by Lophelia pertusa and Oculina varicosa punctuate the 

continental margin of the southeastern United States (Reed and Ross 2005; Reed et al., 2006), with both 

Munida and Munidopsis noted as dominant invertebrate coral associates (Ross and Nizinski, 2007).    



Comprehensive taxonomic information is lacking for many galatheoids.  Squat lobsters are often sampled 

opportunistically or photographed in lieu of collections. Many species and even genera of galatheoids are 

morphologically similar and slight morphological differences have proven useful for taxonomic 

identification for certain species (e.g., Cabezas et al., 2011a). Given the potential importance of slight 

morphological differences, identifications from photographs are extremely problematic (Chevaldonné and 

Olu, 1996; pers. obs.). The lack of specific identifications has led to vague, general references of these 

decapods at vents and seeps (Chevaldonné and Olu 1996; Martin and Haney 2005; Cordes et al., 2005; 

2010), CWC sites (Cordes et al., 2008), and other deep-sea habitats where photographs, not specimens, 

were used to identify  species.  In situ photographs taken during recent expeditions to seep sites in the 

GOM show live coloration; however, limited information exists from early literature to compare with 

observations. Furthermore, the majority of galatheoid species were described in the 18th and early 19th 

century. Those species described from historical, museum collections often lack corresponding ecological 

metadata. Conversely, taxa mentioned in association with contemporary ecological studies often are not 

identified to the species or even genus level making these two sources of information difficult to combine 

and compare (Chevaldonné and Olu 1996). As a result, it is difficult to assess and compare information 

from these two different but equally important accounts of associated fauna. Thus, like many deep-sea 

taxa, the total diversity of galatheoids in deep-sea environments remains unresolved. 

Molecular approaches, when used together with morphological data, have proven increasingly useful in 

species identifications. Genetic approaches provide an independent assessment of species diversity from 

morphology and may reveal underlying diversity not evident in taxa featuring morphological 

conservatism. COI (aka DNA) barcoding is a common methodology that may uncover cryptic genetic 

diversity within a taxon and assign individuals to a species (Hebert et al., 2003; Stoeckle 2003). 

Additionally, COI data are used to address questions regarding regional and local diversity and patterns of 

speciation. Within Crustacea (Costa et al., 2007) and Decapoda (da Silva et al., 2011), COI barcoding 

assigned individuals to species with some success. For example, combined morphological and molecular 

approaches confirmed the existence of sibling species of Munida from New Caledonia (Macpherson and 

Machordom 2005) and Munidopsis in the East Pacific (Jones and Macpherson 2007). Molecular data 

supported designation of new species when only subtle morphological differences were observed 

(Macpherson and Machordom 2005; Cabezas et al., 2009; 2011b). In contrast, molecular data 

corroborated the synonymy of Munida gregaria and M. subrugosa from southern South America, despite 

apparent morphological differences (Pérez-Barros et al., 2008).  

COI barcoding, in combination with other genetic and morphological data, has been used to construct 

hypotheses of evolutionary relationships among galatheoid species. However, most studies have not 



included species from the WA. For example, Cabezas et al., (2011a) constructed a phylogeny containing 

39 species of Munida. Of the species included in the analysis, only M. rugosa from the NEA represented 

the fauna of the Atlantic Ocean basin. The clade containing M. rugosa was basal to the remaining 

phylogeny and contained long branches. However, this may be a consequence of insufficient sampling of 

taxa. The authors specifically recommended the inclusion of species from the Atlantic in future studies to 

elucidate relationships within Munida further. To date, of the 35 WA species of Munida, none are 

represented in Genbank. In contrast, Ahyong et al. (2011) included three species of Munidopsis collected 

from the northern GOM in their phylogeny of Munidopsidae. Their study found the family to be 

polyphyletic, with the WA species scattered throughout the tree, each sharing clades with species from 

other oceanic regions.  Currently, only four of the 48 species of Munidopsis known from the NWA have 

DNA barcodes registered in Genbank. 

Increased sampling, better-defined taxonomy (incorporating both morphological and molecular data), and 

discovery of cryptic species has improved species diversity estimates of the Pacific galatheoid fauna. 

With the application of similar approaches, we expect estimates of galatheoid diversity in the NWA to 

increase also. In this study, we aim to (1) provide an initial assessment of the species composition of squat 

lobsters present at chemosynthetic cold seep and CWC habitats on the continental shelf and slope of the 

WNA, including the GOM;  (2) examine species diversity in an evolutionary and phylogenetic context 

through comparisons with other species in the genera Munidopsis and Munida; (3) expand current 

phylogenetic knowledge by the addition of information from WNA species; and (4) compare genetic 

relationships between species with regard to biogeography and habitat (seep vs. coral) to enhance 

understanding of the history and evolutionary trajectories of these morphologically and ecologically 

diverse groups. 

2. Materials and Methods 

2.1 Sampling information 

 

Squat lobsters were collected on research cruises from 2003-2014 using a variety of sampling methods 

and research vessels (Table 1). Fourteen GOM sites were sampled from the westernmost, deepest (2746 

m) site of Alaminos Canyon 818 (AC818) to the easternmost West Florida Slope (WFS) to the 

northernmost, shallowest (350 m) Viosca Knoll 826 (VK826) (Figure 1), spanning approximately 1000 

km from west to east and 730 km from north to south. The remaining GOM sites are clustered in the 

northern central region and range from 401 to 2192 m depth. Eight NWA sites were surveyed from 



southernmost Jacksonville bioherms (JAX) to northernmost Corsair Canyon, spanning more than 1700 

km linear distance and 160 to 1701 m depth. Depth zones were defined as: continental shelf, 0–199 m; 

upper slope, 200–899 m, lower slope, 900–1999 m, and continental rise, 2000–3999 m (Macpherson et 

al., 2010; Schnabel et al., 2011). Tissue samples (legs, abdomen tissue, eggs, or entire individuals) were 

preserved in 70-100% ethanol. A subset of squat lobsters collected were examined and identified to 

species level based on morphological characters.   

 

2.2 Molecular methods 

  

 DNA was extracted from eggs or tissue following either Puregene Tissue or DNeasy protocols (Qiagen). 

The majority of mitochondrial COI gene fragments were amplified using the universal forward primer, 

LCO1490 (Folmer et al., 1994) and the reverse primer, COI-H (Machordom and Macpherson 2004). 

Occasionally, gala_COIF (Jones and Macpherson 2007) or Crust_F2 (Costa et al., 2007) were used in lieu 

of LCO1490. PCRs were performed with the following concentrations of reagents:  1X GoTaq Flexi PCR 

buffer (Promega), 2 mM of MgCl2 (Promega), 10 mM of GeneAmp dNTPs (Thermofisher Scientific), 5 

µM of each primer, 0–0.4mg/ml Bovine Serum Albumin (New England Biolabs), 0.1 unit of GoTaq Flexi 

(Promega), 2–20 ng of DNA, and laboratory grade water to adjust volume to 25 µl. PCRs reactions were 

performed on BioRad or Eppendorff thermalcyclers under the following conditions: initial denaturation of 

94ºC for 3 min, then 29–34 cycles of 94ºC for 1 min, 50–56ºC for 1 min, 72ºC for 1 min, and a final 

extension step of 72º for 7min. PCR products were electrophoresed on a 1.5% agarose gel at 95V for 30 

min to ensure single band amplification. When more than one band was present, the largest band was cut 

from the gel and purified using Qiaquick PCR purification spin columns (Qiagen) according to 

manufacturer’s protocol. The purified products were re-suspended in 30-40 µl of laboratory grade water. 

Cycle sequencing for subsequent Sanger sequencing reactions were performed using 1µl of purified PCR 

as template, 1 µl BigDye® Terminator v3.1 Ready Reaction Mix (Thermofisher Scientific), 1 µl of 5 µM 

primer, 2 µl of 5X Sequencing buffer (Thermofisher Scientific), and 5 µl of molecular grade water for a 

final volume of 10 µl. Products were sequenced in both forward and reverse directions to assure accuracy 

of base calls. Cycle sequencing was performed on a BioRad or Eppendorff thermal cyclers under the 

following conditions: 95ºC for 3 min, then 29 cycles of 95ºC for 20 sec, 50ºC for 20 sec and 60ºC for 4 

min with final extension of 60ºC for 5 min. Cycle sequencing products were purified using 

AGENCOURT® CLEANSEQ® beads (Beckman Coulter) according to the manufacturer’s protocol. 

Final products were re-suspended in 25–30 µl of molecular grade water. Twenty-five microliters of 

purified product were loaded onto an ABI 3130xl DNA sequencer. 



 

2.3 Data analysis 

 

DNA sequences were edited using Sequencher 5.2.2 (Genecodes). After aligning sequences from both the 

forward and reverse directions, regions with ambiguous bases were omitted from subsequent analyses. 

The National Center for Biotechnology Information (NCBI) Genbank nucleotide database was queried 

with COI consensus sequences from each individual. DNA sequences were aligned and translated into 

amino acids using the invertebrate mtDNA translation table in MEGA6.06 (Tamura et al., 2013) to ensure 

no stop codons were present. Uncorrected p-distances were estimated (MEGA) to quantify intra- and 

inter-specific genetic distances of species with sufficient sample sizes (using all available data from 

individuals from all oceanographic regions; Table S1). Gaps and missing data were treated as partial 

deletions with a site coverage cutoff of 65%; 500 bootstraps (bs) were employed for statistical 

significance. DNA sequence summary statistics within species were calculated in DnaSP 5.10.01 (Librado 

and Rozas 2009). The Drosophila mitochondrial translation table was applied to all datasets. Intraspecific 

genetic diversity was estimated within species collected for this study with sample sizes of four or greater, 

and select species reported in Genbank (www.ncbi.nlm.nih.gov/genbank). Haplotype networks were 

drawn (Network 4.6.1.3; Fluxus Technology Ltd) using a median-joining method coupled with a 

maximum-parsimony heuristic algorithm (Bandelt et al., 1999) with post-processing to delete superfluous 

median vectors and links not contained in the shortest networks (Polzin and Daneshmand 2003).   

Two phylogenetic methodologies were used to produce trees for each genus. The best-fit evolutionary 

model was estimated in MEGA including individuals from all species of Munida and Munidopsis 

registered in Genbank (Table S1). Cervimunida johni was chosen as the outgroup for the phylogeny of 

Munida (Machordom and Macpherson 2004). Shinkaia crosnieri and Galacantha subspinosa were 

included in the phylogenetic analysis of Munidopsis, based on the findings of Ahyong et al. (2011) and 

Leiogalathea laevirostris was chosen as the outgroup. A maximum likelihood (ML) phylogenetic tree was 

constructed for each genus assuming the best-fit evolutionary model, based on the lowest Bayesian 

Information Criterion (BIC) score and 500 bs were used to determine significance.  Phylogenetic trees 

were estimated via Bayesian analysis using MrBayes v. 3.1.2 (Huelsenbeck and Ronquist 2001). 

Sequence alignment files in Fasta format were converted to Nexus format for input into MrBayes using 

the online tool Alignment Transformation Environment, ALTER (sing.ei.uvigo.es/ALTER/). The resultant 

parameter estimates from the MEGA best-fit evolutionary model were used as hyper-parameter estimates 

to provide more informative prior probabilities for the models used in MrBayes for each phylogeny. 



MEGA reports asymmetrical rates of nucleotide change (i.e. separate estimates for A=>T and T=>A 

where applicable) but MrBayes assumes symmetrical rates. When asymmetrical rates were reported from 

MEGA, the average between the two was used. All non-default input values used are listed in Table S2. 

Three independent simulations (nruns=3) were performed per phylogeny starting at different random 

topologies to ensure the sample space was covered. Five Metropolis-coupled Markov-chain Monte Carlo 

(MCMC) chains were used (nchains = 5) for the analysis of Munida and six chains for Munidopsis due to 

lack of convergence in preliminary runs. Independent runs are thought to have converged on similar 

posterior probabilities (PP) of estimated parameters if the effective sample size (ESS) of each parameter 

is at least 200, the Potential Scale Reduction Factor (PSRF) (Gelman and Rubin 1992) of each parameter 

is close to 1.00, and the final average standard deviation of split frequencies is near 0.01 (Ronquist et al., 

2011). Convergence diagnostics were visualized in Tracer v1.6 (Rambaut et al., 2014). Topological 

convergence diagnostics were visualized in AWTY (Wilgenbusch et al., 2004; Nylander et al., 2008). 

Trees were edited in FigTree v1.4.2 (Rambaut, 2014).   

3. Results 

3.1 Munida 

 

Seventy-seven individuals identified as species of Munida were collected within their known depth ranges 

in the WA on the continental shelf and slope of the northeastern United States (NWA) (N=41), and the 

GOM (N=36) (Table 1). Four species of Munida were identified from the collections based on 

morphology: M. iris, M. microphthalma, M. sanctipauli, and M. valida. Other individuals that grouped 

with these morphologically-verified species in the phylogenetic analyses (see below) but were not 

examined were indicated with “cf” before the species name and considered conspecifics. Individuals of 

M. microphthalma were only collected at chemosynthetic cold seep sites in the GOM; none were 

collected from NWA CWC or seep sites. Munida microphthalma was also the deepest species of Munida 

sampled. Occurring at depths of 900–1564 m, this was the only species collected on the lower slope. No 

other species of Munida were collected at chemosynthetic sites. The other three species of Munida 

(N=32) occurred at both NWA and GOM sites and were collected from upper slope depths. Munida iris, 

the most abundant squat lobster species in the samples, was collected at the shallowest continental shelf 

and upper slope depths (160–520 m). Most individuals of M. sanctipauli were collected in the GOM at 

the two Viosca Knoll sites; a single individual was collected off Cape Fear, North Carolina. No 



individuals of any Munida species were recovered at continental rise depths (2000–3999 m), though 

sampling effort at these depths was minimal. 

 

3.1.1 Munida phylogenetics 

 

All COI sequences generated from this study were entered into Genbank as a population set (popset) with 

the following accession numbers: KX016541-76; KX022403-79 (Table S1). The phylogenetic dataset 

compiled for the analysis of relationships within the genus Munida contained 175 individuals, including 

the outgroup Cervimunida johni, corresponding to 60 taxa (Table S1; Figure 2). Sequences were truncated 

to 499 nucleotides in the aligned dataset. Genbank sequence JQ348884, identified as Munida intermedia 

(da Silva et al., 2011), did not group with the two other M. intermedia individuals included in the 

phylogenetic analyses and is referred to as M. intermedia JQ in this study. The best-fit evolutionary model 

was the general time-reversible model (Tavaré 1986) with a gamma distribution of rate variation and 

allowing for a proportion of invariant sites (GTR +Γ+I) and a BIC score of 23031.102. The next lowest 

BIC score was 23158.191. Input parameters and convergence diagnostics for the Bayesian phylogenetic 

analysis are listed in Table S2. Comparisons of traces between the three runs did not reveal a trend, 

indicating convergence of the runs (FigureS1: A-C). Marginal distributions of PP of the total length of all 

branches (TL), the log likelihoods (LnL), and alpha values were concordant between the three runs 

(Figure S1: D-F). Plots of pairwise comparisons of split frequencies between separate runs illustrate 

convergence as well (Figure S1: G-I).  

In general, support for branching nodes calculated with the Bayesian analysis (PPs) was higher than the 

bootstrap support values calculated from the ML analysis (Figure 2). Both analyses agreed on the 

associations between closely-related taxa. Munida valida and M. sanctipauli were more closely related to 

each other than to M. microphthalma. Munida intermedia JQ, an individual collected from the Bay of 

Biscay in the NEA (da Silva et al., 2011), was ancestral to M. valida and M. sanctipauli. Both analyses 

place M. microphthalma as the ancestor to M. intermedia JQ/M. sanctipauli/M. valida, though with very 

low support in the ML tree. This four-taxa clade is comprised of species known from the WA BGP. Sister 

to this clade, though with low statistical support, is M. tiresias, a species from New Caledonia (western 

Pacific Ocean, WP) and M. lanciara from Taiwan (WP). The fourth species of Munida collected from the 

WA, M. iris, formed a well-supported clade with M. rutllanti (NEA). Both analyses grouped all seven M. 

rutllanti individuals together (ML bs = 0.99; Bayesian PP = 0.81). The ML tree grouped together all the 

M. iris individuals, but with low support (0.47). The Bayesian analysis did not place these two species in 



a monophyletic group. The clade containing M. iris and M. rutllanti was ancestral to most other species of 

Munida, except for M. gregaria, a species from southern South America (Southeast Pacific, SEP) and 

New Zealand (Southwest Pacific, SWP), and M. quadrispina, a species from the Northeast Pacific Ocean 

(NEP). Two other northern Atlantic Ocean species were represented in the analyses: M. intermedia from 

the NEA and the northeastern coast of Canada (a region not included in Schnabel et al. (2011) as part of a 

BGP), and M. rugosa, from the NEA. These two species are sister taxa to each other (ML bs = 0.97; 

Bayesian PP = 1.00) and form a clade with M. delicata, a species from the WP. See Table S1 for 

references regarding species’ sampling locations mentioned above. 

 

3.1.2 Munida inter-and intra-specific diversity 

 

Inter-specific genetic distances were computed between northern Atlantic Ocean species of Munida, M. 

gracilis, M. gregaria, and M. thoe (Table 2; Table S1). The average uncorrected p-distances between 

species collected from the NWA and GOM was 13.6% and ranged from 7.1% (M. valida vs. M. 

sanctipauli) to 16.9% (M. valida vs. M. iris). In comparison, the average genetic divergence between 

species from the NEA was 16.2% and ranged from 10.2% to 18.2%. The average of genetic divergence 

comparisons between NWA and NEA species was 14.6% and ranged from 2.8% to 19.2%. Including the 

remaining species (M. gracilis (SWP) M. gregaria (SEP, SWP), and M. thoe (WP)) in all inter-BGP 

comparisons raised the average to15.5% but did not change the range, because comparisons between 

NWA and NEA species represented both the lowest (M. iris and M. rutllanti) and highest (M. valida and 

M. intermedia) values. Overall, the highest average genetic divergence was documented between species 

within the NEA, whereas the lowest average was documented between species of the NWA. In general, 

genetic divergences were higher among species within the NEA than divergences between species from 

different BGPs. Most divergences larger than those observed in NEA comparisons were between NEA 

and NWA species. 

Intraspecific genetic distances of NWA and GOM Munida ranged from 0.3% (M. valida, N =11) to 1.3% 

(M. iris, N=40) (Table 3). When additional species of Munida are considered, M. iris still exhibited the 

highest intraspecific difference but M. gregaria had the lowest (0.2%, N=110). Munida iris also had the 

largest number of pairwise differences between sequences (k = 6.40) and the smallest number of singleton 

mutations relative to the total number of polymorphic sites, meaning mutations rarely occur only in a 

single individual. Both M. iris and M. sanctipauli have haplotype diversities (Hd) greater than 95%. The 



SEP species, M. gregaria, had the largest sample size, yet the lowest Hd (0.628), π (0.002), and k (0.99). 

Munida valida and M. rutllanti share similar values of polymorphic sites (p), number of mutations (μ), 

singletons (s), parsimony informative sites (PI), and synonymous (syn) changes. However, M. rutllanti 

has an Hd of 0.857 whereas M. valida has an Hd of 0.727. The seven M. rutllanti sequences also contain 

three mutations that resulted in an amino acid change (nsyn; Drosophila mitochondrial translation table). 

Haplotype networks of both M. iris and M. microphthalma, the two species of Munida with the highest 

sample sizes collected for this study (Figure 3), illustrate the complex evolutionary pathways between 

COI haplotypes. In both cases, more than one path is possible between the haplotypes and several 

mutational steps separate different parts of the network. However, the two most common haplotypes 

within M. iris (both N=6), each account for 15% of the total number of haplotypes in the network, 

whereas the most common haplotype of M. microphthalma accounts for 44% of all haplotypes.   

Haplotypes that occur exclusively in the NWA or GOM are an indication of a biogeographic barrier 

leading to genetic differentiation of lineages in each oceanic region. Some of the species of Munida 

exhibited this pattern, although sample sizes were low. Munida microphthalma was only collected at sites 

in the GOM, however, this species is known to occur throughout the WA and NEA (Baba et al., 2008). Of 

the four unique NWA haplotypes found in M. iris, each was recovered from a single individual and none 

were shared with GOM. In the M. valida dataset, 11 individuals share six haplotypes and of the seven 

collected from the GOM, six share the most common haplotype with a single individual from the NWA. 

The ten M. sanctipauli in the collection had nine unique haplotypes, however, the single NWA individual 

shared a haplotype with an individual collected from the GOM.   

 

3.2 Munidopsis 

 

Thirty-six individuals collected from the NWA (N=9) and from the GOM (N=27) were identified as 

species of Munidopsis (Table 1). Collections consisted of five described species: M. bermudezi, M. 

curvirostra, M. livida, M. penescabra, and M. similis, and four additional, putative species referred to as 

Munidopsis sp. A, B, C, and D.  Munidopsis sp. C was the most abundant taxon with 17 individuals, 15 of 

which were collected from various GOM sites. Similarly, M. curvirostra was collected at both NWA 

(Norfolk Canyon) and GOM (Walker Ridge 269) sites. In contrast, Munidopsis sp. D was only collected 

from the NWA submarine canyon sites. The remaining taxa were collected only at GOM sites. 

Threespecies, Munidopsis. sp. A, M. bermudezi, and M. livida, were collected at Alaminos Canyon 818, 

the western-most and deepest site surveyed (2746 m). Two species, Munidopsis sp. C and M. penescabra, 



collected in the GOM at VK826, occurred at the shallowest depths (350–477 m) sampled.  Munidopsis sp. 

A, Munidopsis sp. B, M. bermudezi, M. livida, and M. similis, were only collected at cold seep sites in the 

GOM. However, single individuals of Munidopsis sp. C and M. curvirostra were collected at cold seep 

sites while the remainder were collected at CWC sites. Twenty individuals representing three species 

occurred at upper slope depths (200–899 m), whereas four species were collected at lower slope depths 

(N=9; 1049–1682 m). No species of Munidopsis were captured on the continental shelf (0–199 m), 

though few species in this genus are known to occur at these shallower depths (Schnabel et al., 2011). 

Interestingly, no squat lobsters were observed at the two NWA cold seep sites adjacent to Norfolk and 

Baltimore canyons.  

 

3.2.1 Munidopsis phylogenetics 

 

Consensus COI sequences of undescribed species Munidopsis sp. A-D were compared to those in 

Genbank. Munidopsis sp. A shared 99% sequence identity (query coverage =95%; E value = 0.0) with 

both M. antonii (DQ677685-9) and M. bracteosa (DQ677684). Munidopsis sp. B shared 97% sequence 

identity (query coverage =86%; E value = 0.0) with M. longimanus (JN166770). Munidopsis sp. C shared 

88% sequence identity (query coverage =86%; E value = 2e-179) and Munidopsis sp. D shared 89% 

sequence identity (query coverage =85%; E value = 0.0) with M. comarge (JN166772).  

The phylogenetic dataset used to interpret relationships between species of Munidopsis contained 84 

individuals, including the outgroups, corresponding to 41 taxa (Table S1; Figure 4). Sequences were 

truncated to 583 nucleotides in the aligned dataset. The best-fit evolutionary model was determined to be 

T92 (Tamura 1992) + Γ+I, which allows for transition/transversion bias and G+C content bias, with a BIC 

score of 13474.85. The next lowest BIC score was 13481.46. Input parameters and convergence 

diagnostics for the Bayesian phylogenetic analysis are listed in Table S2. Comparisons of traces between 

the three runs did not reveal a trend, indicating convergence of the runs (FigureS2: A-I; see above (3.1.1) 

for details).  

As was illustrated in the phylogeny of Munida, the phylogenetic analysis of Munidopsis reflects higher 

statistical support for more recent relationships than internal, more ancestral associations. Species of 

Munidopsis collected from the NWA (this study) were scattered throughout the phylogenetic tree (Figure 

4), showing no pattern of grouping by ocean basin. Two major clades were present, each with moderate 

PP support (Figure 4; A and B). Within Clade A, the Elasmonotus Group (Ahyong et al., 2011) was 



ancestral to the rest of the clade (Figure 4; A). Two of the undescribed species of Munidopsis fell within 

Clade A: Munidopsis sp. C and Munidopsis sp. D. These taxa grouped with M. comarge from the SWP, 

M. trifida, from the WP, SWP and Indian Ocean (IO), and M. erinacea from the GOM. Additionally, M. 

penescabra (GOM) grouped with its sister taxon, M. opalescens (SEP) and M. polymorpha from the 

NEA. Munidopsis curvirostra formed a small clade with M. crenatirostris and M. cylindrophthalma from 

the WP. Finally, Munidopsis sp. B was sister to another GOM species, M. longimanus. These two species 

grouped with M. quadrata reported from the Pacific coast of Canada (NEP) and Chile (SEP), and 

Munidopsis sp. 1 from SEP. See Table S1 for references regarding species’ sampling locations mentioned 

above. 

Shinkaia crosnieri, a species found at hydrothermal vents and cold seeps (Yang et al., 2016), was 

ancestral to the second clade, Clade B (Figure 4; B). Of the 18 taxa included in Clade B, 13 occur at 

hydrothermal vents, cold seeps, or whale falls. Individuals of M. kensmithi, M. tiburon, M. segonzaci, and 

M. antonii represented in the tree were collected from non-chemosynthetic sites in the NEP (Jones and 

Macpherson 2007). Interspecific relationships in Clade B had low statistical support after the Munidopsis 

sp. A split, except for sister relationships between M. bermudezi and M. cascadia, a species known from 

the NEP (PP=1.00), and between the WA species pair M. aries and M. albatrossae (PP=1.00). Munidopsis 

livida and M. similis were basal members of Clade B. Munidopsis sp. A, collected at cold seep sites in the 

GOM, grouped with several other species of Munidopsis known to occur at chemosynthetic sites. These 

include M. scotti, M. bracteosa, M. recta, M. vrijenhoeki, M. albatrossae, M. cascadia, M. lauensis, and 

Munidopsis sp. 2 in the Pacific, as well as M. exuta from the Atlantic.  

 

3.2.2 Munidopsis inter-and intraspecific diversity 

 

 Inter-specific genetic distances were computed between all northern Atlantic Ocean taxa, as well as M. 

recta and M. lauensis, using data from this study, supplemented with data from Genbank (Table 4; Table 

S1). Though Munidopsis antonii is reportedly a cosmopolitan species, all individuals registered in 

Genbank were collected off California and therefore excluded from the intraspecific genetic distance 

analysis between strictly Atlantic Ocean taxa. Uncorrected p-distances between species collected in this 

study ranged from 9.7% (Munidopsis sp. A vs. M. similis) to 23.8% (Munidopsis sp. B vs. Munidopsis sp. 

D). Average genetic divergence between species within the WA (NWA + GOM) was 18.7% and ranged 

from 2.7% (Munidopsis sp. B vs. M. longimanus) to 23.8% Munidopsis sp. B vs. Munidopsis sp. D). Pair-



wise genetic divergences within the WA were similar to comparisons between species from different 

BGPs, which averaged 17.8% and ranged from 2.0% (M. exuta vs. M. recta) to 24.8% (Munidopsis sp. B 

vs. M. lauensis). The largest pairwise distances were generally between Munidopsis sp. B and other 

species collected for this study.  

Intra-specific genetic diversity was low for all species of Munidopsis with adequate sample size. Both 

Munidopsis sp. A and B were excluded from intraspecific analyses due to small samples sizes. However, 

the two individuals of Munidopsis sp. A had unique haplotypes that differed by two nucleotides and the 

two individuals of Munidopsis sp. B had unique haplotypes that differed by a single nucleotide. No 

intraspecific genetic diversity (p-distance = 0.00) was observed in Munidopsis sp. D, the taxon with the 

lowest sample size (N=4), or within M. lauensis, the taxon with the largest sample size (N=116) (Table 5). 

Munidopsis sp. C (N=17) had the largest intraspecific diversity (0.004) and the most haplotypes (H=9) of 

all munidopsid species included in the analysis. In both M. curvirostra and M. lauensis, all mutations 

were singletons (Parsimony Informative Site (PI) = 0). Hd ranged widely from 0.00 to 0.86, and were 

lower than most of the Hd values observed for species of Munida. Most other indices of genetic diversity 

for these species of Munidopsis were low. Two species, Munidopsis sp. C and M. lauensis, had much 

higher G+C content than the other species of Munidopsis as well as all species of Munida analyzed.   

Insufficient sample sizes for Munidopsis spp. prevented testing for a definitive biogeographic break in 

genetic differentiation between the GOM and NWA. However, notably, the only individual of M. 

curvirostra collected from a GOM cold seep site differed by four mutations relative to its conspecifics in 

the WNA, all of which shared a single haplotype. Also, genetic diversity was higher in the GOM for 

Munidopsis sp. C, where eight haplotypes were recovered (Figure 5). The GOM haplotypes were at least 

two mutational steps removed from the single NWA haplotype that was shared by two individuals 

collected off the coast of Jacksonville, Florida.  

4. Discussion 

 

Despite the high diversity and ecological importance of squat lobsters worldwide, many of their 

ecological and evolutionary characteristics remain poorly known (Baba 2005). This is particularly true for 

the WA. Here, we report on the squat lobster species found in and around cold seep and CWC habitats 

from sites in the GOM and on the continental shelf and slope of the NWA. This study is the first to 

incorporate WA species of Munida into a phylogenetic framework.  Four species of Munida were 

recorded from these locations.  The species assemblage of Munidopsis was more diverse and included 



five species known to science and four putatively new species. Only one of these species, M. curvirostra, 

was included in previous phylogenetic studies. Eight species of Munidopsis were added to previous 

phylogenetic findings and dramatically increased the representation of WA species in these types of 

analyses.  

 

4.1 Munida 

Preliminary inferences regarding phylogeography of Munida were possible with the inclusion of WA 

species of Munida in our phylogenetic analysis. Previous phylogenetic studies of Munida that considered 

both COI and 16S (e.g. (Machordom and Macpherson 2004; Cabezas et al., 2011a) were concordant with 

the predominant patterns of relationships documented in this study. Generally, all Atlantic species have at 

least one close relative also from the Atlantic, but the three clades containing Atlantic species were 

scattered throughout the tree. These results provide several examples of phylogenetic association between 

the WA and its closest neighboring BGP, the NEA. A similar pattern of evolutionary relatedness between 

western and eastern Atlantic regions has been shown in other marine crustaceans (Aarbakke et al., 2014). 

However, Schnabel et al. (2011) found that WA squat lobster species assemblages were most similar to 

the Southeast Atlantic (SEA) and the Northeast Pacific (NEP) BGPs.  Correlation between patterns of 

evolutionary relatedness and biogeographic proximity of species within and between the WA, SEA and 

NEP could not be examined in our analysis as no COI sequences of SEA or NEP munidid species were 

registered in Genbank. Increasing representation of WA species, as well as those from the SEA and NEP, 

in future phylogenetic analyses is imperative to our understanding of relationships between species 

assemblages and phylogenetic relatedness. 

Similar to the findings of Machordom and Macpherson (2004) and Cabezas et al. (2011a), our 

phylogenetic results illustrate that more recent relationships have high support, but deeper, likely older 

relationships remain unresolved. High levels of polymorphism in COI could be indicative of a fast 

mutation rate within Munida. Alternatively, taxa may have been isolated for extended periods, allowing 

for mutations to accumulate. Nevertheless, assuming a standard animal mitochondrial divergence rate of 

1-2% per million years, Munida split from other galatheoid genera 7-14 million years ago (Machordom 

and Macpherson 2004).  Increased sampling of Munida in future surveys with subsequent addition of 

genetic data in phylogenetic analyses as well as inclusion of slower-evolving mitochondrial and nuclear 

genes will lead to better resolution of deeper clades and divergence rates specific to Munididae. Thus, the 

accuracy and precision of estimations of species and genera divergences will increase.   



Despite uneven sampling between the NWA and GOM and small sample sizes, our results suggest 

minimal population differentiation for species of Munida between basins. In the three species collected in 

both the NWA and the GOM, haplotypes were shared between basins or were closely related.  Similarly, 

Schnabel et al. (2011) biogeographic analysis did not distinguish between the GOM and NWA.  Other 

species of Munida represent a range of haplotype patterns and levels of diversity, showing no uniform 

pattern of complexity or diversity. Munida gracilis collected from sites near New Zealand showed high 

levels of genetic diversity and complexity (Bors et al., 2012). In a network where more than one 

evolutionary path is possible between several haplotypes, 33 unique haplotypes were reported among 49 

individuals. Interestingly, the remaining haplotypes were shared across sampling sites, indicating no 

biogeographic signal (Bors et al., 2012). Similar levels of diversity and lack of geographic population 

structure were observed in M. thoe. This species, reported from the Norfolk seamounts in the South West 

Pacific, shared 29 haplotypes among 35 individuals (Samadi et al., 2006). In contrast, M. gregaria 

(including M. subrugosa, recently placed in synonymy of M. gregaria) sampled from southern South 

America had a simple, star-shaped pattern of COI haplotype diversity and haplotypes were shared across 

sample sites (Pérez-Barros et al., 2008). This species also had the lowest haplotype diversity of all species 

of Munida analyzed in this study (Table 3). Similarly, two species collected from the Norfolk seamounts, 

had a single COI haplotype (M. acantha) or a dominant haplotype and a few closely-related rare 

haplotypes (M. zebra; Samadi et al., 2006). In the current study, both NWA species, M. iris and M. 

microphthalma, displayed complex haplotype network patterns (Figure 3) more like M. gracilis. The 

NWA species demonstrated groups of haplotypes separated by several unsampled mutational steps, as 

well as multiple pathways connecting haplotypes. Additional sampling may have recovered some of the 

missing, intermediate haplotypes. However, our sample size for M. iris (N=40) was larger than those  

reported in most other studies that did not reveal the same pattern as M. iris, suggesting that the 

divergence between haplotypes observed in M. iris was not due to sampling bias.  

Overall, intraspecific diversity of NWA species was low (mean 0.7%; range (0.3%–1.3%)) (Table 3) 

compared to other studies. Machordom and Macpherson (2004) reported mean intraspecific 

differentiation of COI sequences of 0.83% with a range from 0.00% to 14.00% within 36 species of 

Munida. However, the greatest genetic differentiation resulted from comparisons involving mis-identified 

cryptic species and comparisons with Munida callista, since reclassified as Babamunida callista (Cabezas 

et al., 2009). Inter-specific divergences mostly fell within the range, reported by Machordom and 

Machpherson (2004), between 36 species of Munida (3.50% to 22.53%). However, with the addition of 

NWA species, the observed lower bound of inter-specific genetic divergences decreased to 2.8% (M. iris 



vs. M. rutllanti) within the genus. The four NWA species of Munida in this study were more closely 

related to each other and to NEA taxa, according to our phylogenetic analyses.  

Habitat characteristics that correspond to samples of Munida are rarely reported in the literature. Only two 

species of Munida have been reported from vent or seep habitats (Martin and Haney, 2005).  Interestingly, 

Munida valida and M. sanctipauli, both collected near CWC sites, formed a closer relationship with each 

other than with M. microphthalma, which was the only species of Munida collected at cold seep sites and 

at lower slope depths.   Collection and incorporation of habitat information in future studies will help 

elucidate the influence of habitat on ecological speciation in Munida. 

 

4.2 Munidopsis 

 

Munidopsis is a problematic genus taxonomically. Over 225 species have been described (Macpherson 

and Baba 2011) and many new species have been identified (e.g. Schnabel and Ahyong 2015). New 

information and better understanding of relationships often leads to synonymies and reclassifications (e.g. 

Ahyong 2014). Recent studies have increased our knowledge of morphology and phylogenetics of the 

genus Munidopsis (e.g. Jones and Macpherson 2007; Ahyong et al., 2011; Ahyong 2014). Few studies 

have incorporated species from the NWA. Our study adds a biogeographic perspective to the current 

knowledge of phylogenetic relationships within the genus Munidopsis through the addition of several 

NWA and GOM species, a region where genetic information was lacking. Only five (10%) of the 48 

known species from the NWA (Baba et al., 2008) were collected. Furthermore, we collected almost as 

many (4) putative new species, indicating that biodiversity estimates of squat lobsters in the NWA will 

continue to increase. Given that evolutionarily divergent yet sympatric lineages of Munidopsis co-occur, 

these results highlight the diversity of munidopsids at GOM cold seeps.  

Chemosynthetic communities had more diverse assemblages of species of Munidopsis than those 

collected at CWC habitats. Only two species, Munidopsis sp. D and M. penescabra, were collected solely 

from coral sites. Phylogenetically, both of these species were positioned in one clade (Clade A, Figure 4), 

though they were not close relatives. Other WA species in Clade A included Munidopsis sp. C and M. 

curvirostra collected from both coral and seep sites, and Munidopsis sp. B, collected from two different 

GOM seep sites. Clearly, habitat utilization did not correlate with phylogenetic relatedness in this clade.  



All individuals within each of the putative new species (Munidopsis sp. A-D), formed monophyletic 

clades with their conspecifics in the phylogeny, lending evidence that these are true taxonomic groups. 

Three of these species (Munidopsis spp. B-D) belong to Clade A that contained species belonging to the 

M. serricornis species complex. Ahyong (2014) recently re-examined specimens previously identified as 

M. serricornis, considered a cosmopolitan species. The author restricted M. serricornis sensu stricto to 

the North Atlantic Ocean and identified six species from the Indian and Pacific oceans. One species from 

the M. serricornis complex, M. comarge, and another species, M. trifida, superficially close, 

morphologically, to species in the complex, occur in Clade A (Figure 4; Galathodes group, Ahyong et al., 

2014). Munidopsis sp. D, collected from submarine canyons from the northeastern United States 

continental margin, showed genetic similarities to M. trifida. Munidopsis comarge and Munidopsis sp. C 

also fell within this clade, suggesting that one or both of these undescribed species may be part of the M. 

serricornis complex. To date, there are no DNA sequences from M. serricornis sensu stricto. Acquiring 

genetic information from the entire species complex would be valuable to future phylogenetic studies of 

Munidopsis. 

In the predominantly chemosynthetic clade, (Clade B, Figure 4), many close phylogenetic associations 

between WA and NEP species of Munidopsis are hypothesized. Close relationships between WA and 

NEP species assemblages were also suggested by Schnabel et al. (2011) in their biogeographic analysis. 

Of the 18 species of Munidopsis in Clade B, only M. kensmithi, M. segonzaci, and M. tiburon have not 

been recorded from a chemosynthetic community. The NWA species, Munidopsis sp. A, M. livida, and 

M. similis, were  ancestral to many of the species collected from hydrothermal vents, wood falls, and 

whale falls from the NEP and East Pacific Rise (EPR). These findings corroborate those presented by 

Jones and Macpherson (2007) whereby M. bracteosa belonged to a species complex that included M. 

recta, the most common species from the expansive EPR, M. scotti from the Juan de Fuca vent system, 

and M. exuta from the Mid-Atlantic Ridge. In fact, a 99% sequence identity was found between 

Munidopsis sp. A from GOM seeps and M. bracteosa and M. antonii collected from the NEP (Jones and 

Macpherson 2007). Sequence divergence of approximately 1% suggests that these individuals may have 

relatively recent evolutionary connections (less than a million years applying the same rate calibration as 

above). These lineages may be in the process of speciating since several diagnostic morphological 

differences were identified. Alternatively, COI may have a slower mutation rate within certain clades of 

Munidopsis leading to gene trees that do not accurately reflect the evolutionary history of the species. 

Overall, Jones and Macpherson (2007) also observed a wide range of interspecific divergences in species 

of Munidopsis from the Pacific Ocean. Similar to our results, lower values of genetic distance did not 

necessarily correspond to species with the closest morphological resemblance. Conversely, some species 



exhibited low genetic differentiation, yet differed greatly morphologically. Therefore, species of 

Munidopsis have moderate to high levels of genetic divergence that do not correspond to geographic 

distance or morphological similarity.  

Though genetic differences between different species of Munidopsis are generally moderate to large, 

genetic differentiation within species was low compared to patterns observed in Munida. Thaler et al. 

(2014) and Jones and Macpherson (2007) estimated intraspecific genetic differentiation in species of 

Munidopsis occurring at Pacific hydrothermal vent habitats and other NEP sites. Both studies revealed 

very small (typically less than one percent) haplotype diversities based on COI sequences, even for 

species with large geographic ranges. For example, 22 individuals of M. recta shared eight haplotypes 

across the entire expanse of the EPR (Jones and Macpherson 2007). Compared to other anomuran species, 

M. lauensis has a haplotype diversity value an order of magnitude lower than all other groups (Table 3). 

No haplotype diversity was observed in 23 individuals of M. polymorpha, a species endemic to anchialine 

caves of the Canary Islands (NEA; Cabezas et al., 2012). Therefore, putative signals of population 

differentiation, even those obtained from species with small sample sizes, are worth noting, considering 

the prevailing pattern of very low haplotype diversity and no genetic divergence within species of 

Munidopsis. For example, there appears to be a putative signal of genetic differentiation between the 

GOM and NWA individuals of Munidopsis sp. C and M. curvirostra. Three individuals of M. curvirostra 

collected from Norfolk Canyon were genetically identical to each other and to three specimens from the 

Gulf of St. Lawrence, Canada (Radulovici et al., 2009). A single M. curvirostra specimen from the GOM 

(this study) differed by four mutations from the NWA haplotype. These seven M. curvirostra individuals 

had as many mutational differences as 116 individuals of M. lauensis (Table 5). Munidopsis sp. C was 

collected in the GOM, with the exception of two specimens collected off the coast of Jacksonville, Florida 

(JAX; NWA). Both JAX individuals shared a haplotype two mutational steps away from its nearest 

genetic relative, and five steps away from the common haplotype (Figure 5). Nevertheless, increased 

sampling is warranted before concluding that a biogeographic barrier exists between NWA and GOM 

populations of these species. 

Although two recently-discovered cold seep sites near Baltimore and Norfolk canyons were explored in 

2012 and 2013 in conjunction with this study, no squat lobster species were observed, even though both 

seep sites were within the depth range of GOM seeps. Lack of squat lobsters at these newly discovered 

seeps was unusual considering that Munidopsis spp. were reported from a nearby methane seep on Blake 

Ridge, off the coast of South Carolina (Van Dover et al., 2003). Lack of predator/scavengers may be 

indicative of young, uncolonized chemosynthetic communities at mid-Atlantic sites.  However, the 

extensive sampling of bathymodiolin mussels from many size classes suggests that the seep communities 



were established long enough for extensive mussel colonization and maturation. Brothers et al. (2013) 

reported evidence for extensive methane venting on the southeastern United States continental margin 

beyond Blake Ridge (Van Dover et al., 2003), but no seep-associated fauna were reported other than 

bivalves. Quattrini et al. (2015) explored three seep sites on the northeastern United States continental 

margin.  Interestingly, one or two crustacean species were reported from each seep site, but no squat 

lobster species. Further explorations of putative cold seeps off the eastern coast of the United States is 

necessary to determine if cold seep sites other than Blake Ridge are devoid of squat lobsters, a taxon 

considered part of the dominant megafauna of other chemosynthetic communities. 

Endemism of squat lobster species within chemosynthetic habitats is rare (Martin and Haney 2005; 

Macpherson and Segonzac 2005) with most taxa considered to be opportunistic generalists with 

diversified feeding habits (Lovrich and Thiel, 2011). Squat lobster species recorded strictly from 

chemosynthetic habitats are restricted to members of Kiwaidae (Chirostyloidea) (Macpherson et al., 2005; 

Thurber et al., 2011) and Shinkaia crosnieri (Munidopsidae) (Tsuchida et al 2003; Yang et al., 2016). The 

single species of Munida, M. microphthalma, collected at GOM deep chemosynthetic sites included in 

this analysis, is known from cold seep sites in the Barbados Accretionary Prism, as well as throughout the 

WA (Martin and Haney 2005; Baba et al., 2008). Several species of Munidopsis in our collections were 

collected from chemosynthetic communities in the GOM. However, all were known from non-

chemosynthetic sites as well (Macpherson and Segonzac 2005). Two species, Munidopsis sp. C and M. 

curvirostra, were collected at GOM seep sites and NWA coral sites, further demonstrating the generalist 

nature of some munidopsids. Moreover, at seep site AC818, three different species, Munidopsis sp. A, M. 

bermudezi, and M. livida, were collected on the same dive, illustrating shared habitats among species and 

possible overlapping ecological niches.   

Our phylogenetic analyses of Munida and Munidopsis are the most comprehensive analyses to date and 

include more species from the northwestern Atlantic than previously published studies. The WA exhibited 

the highest level of endemism for squat lobster species of the eight BGPs (Schnabel et al., 2011), yet this 

region is often the least represented in phylogenetic studies of squat lobsters. In our study, WA species 

were scattered throughout the phylogenies, indicating multiple evolutionary lineages in the WA province. 

This study found examples of close relationships between the WA and NEA within both squat lobster 

genera examined. Furthermore, phylogeographic affinities among NEP and WA species of Munidopsis 

were apparent, and the degree of divergence was higher when comparing the WA species to those from 

the West Pacific; both patterns agree with the biogeographic hypotheses set forth by Schnabel et al. 

(2011). Although Munidopsis Clade B was comprised predominantly of species collected from various 



chemosynthetic communities, WA species collected from cold seeps habitats were also found in Clade A. 

Therefore, habitat does not fully explain phylogenetic relationships. 

The diversity of galatheoid crabs was high at these extraordinary deep-sea environments in the NWA, 

though still much lower than the SWP. We are just beginning to recognize this diversity. Collections are 

key to our understanding of the morphology, taxonomy, and ecology of this group. Most of these species 

cannot be identified from photographs or videos. Once we are able to positively identify the galatheoid 

fauna associated with cold seep and cold-water coral environments, we can utilize this information to 

make progress on the systematics, phylogenetics, phylogeography and connectivity of the members of 

this group. We have made significant progress toward this goal, but more intensive sampling is needed to 

determine the total diversity of, and the evolutionary relationships between the galatheoid crab species 

inhabiting  NWA and GOM deep-sea communities.   
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FIGURE 1: Map of Northwestern Atlantic (NWA) and Gulf of Mexico (GOM) sampling sites of Munida 

and Munidopsis. NWA sites shown as light blue, GOM shown as green. See Table 1 for site 

abbreviations.   

  



 

FIGURE 2: Bayesian phylogram of Munida based upon partial COI sequences.  Branch colors 

represent oceanic regions from which taxon/sample originated: green = GOM, dark blue = NEA, 

aqua = NWA + GOM; Taxa in bold were collected in this study.  Collapsed clades (triangles) 

represent 2 sequences, unless otherwise noted by the number of sequences in parentheses.  Black 



circles at nodes indicate non-parametric bootstrap support (maximum likelihood) and posterior 

probabilities (Bayesian inference) of ≥90% and ≥0.95, respectively. Also indicated are support 

values ≥60% and/or ≥ 0.70 for bootstrap and posterior probabilities, respectively.  Scale bar denotes 

number of nucleotide substitutions per site.  *M. intermedia JQ348884 

  

  



 

 

 

FIGURE 3: Median joining networks of COI haplotypes. A) Munida iris, N= 37 and B) Munida microphthalma, 

N=16.  Colored circles represent unique COI haplotypes.  Number of individuals if >1 are indicated next to the 

haplotype.  Sampling locations parsed by ocean basin; NWA = blue =; GOM = green. Hash marks are mutational 

steps between haplotypes. Open circles are inferred haplotypes. (Network v 4.6.1.3, Flexus Technology, Ltd)  

  



  

 

 

FIGURE 4: Bayesian phylogram of Munidopsidae based upon partial COI sequences.  (A) and (B) denote two 

major well-supported clades. Branch colors represent oceanic regions:  Green = GOM, dark blue = northern 

Atlantic, excluding GOM, Aqua=NWA + GOM; Taxa in bold were collected in this study.  Collapsed clades 

(triangles) represent 2 sequences, unless otherwise noted by the number of sequences in parentheses.  Black 

circles at nodes indicate non-parametric bootstrap support (maximum likelihood) and posterior probabilities 

(Bayesian inference) of ≥90% and 0.95, respectively. Also indicated are support values ≥60% and 0.70 for 

bootstrap and posterior probabilities, respectively. Scale bar denotes number of nucleotide substitutions per site 

Vertical blue bars indicate major morphological groups as in Ahyong et al (2011). 

 



 

 

FIGURE 5: Median joining network of COI haplotypes for Munidopsis sp C, N=17. Colored circles 

represent unique COI haplotypes.  Number of individuals if >1 are indicated next to the haplotype.  

Sampling locations parsed by ocean basin; NWA = blue =; GOM = green. Hash marks are mutational 

steps between haplotypes. (Network v 4.6.1.3, Flexus Technology, Ltd)  



TABLE 1: Sampling information for specimens of Munida and Munidopsis analyzed in this study. Individuals with bolded taxon names were 

collected from cold seep sites.  Non-bolded taxa were collected from CWC sites. 

   Taxon Basin Site1 N Sample code Depth (m) 2 
Latitude 

(N) 2 

Longitude 

(W) 2 
Year Ship/Sampling method3 

Munida iris NWA NC 5 
MAC602, 604-

07 
255-270 

37°04.256’- 

37°05.223’ 

74°34.262’- 

74°33.735’ 
2013 Ronald H. Brown/OT 

Munida iris NWA NC 5 
MAC603, 608-

10, 612 
180-185 

37°04.521’- 

37°05.614’ 

74°34.514’- 

74°34.095’ 
2013 Ronald H. Brown/OT 

Munida iris NWA NC 22 MAC207A-V 160-165 
37°05.041’- 

37°05.949’ 

74°34.445’- 

74°34.131’ 
2013 Ronald H. Brown/OT 

Munida iris NWA BC 4 MAC026-029 375-379 38°07.468’ 73° 48.275’ 2012 Nancy Foster/K2 

Munida cf. iris GOM VK906 3 
CH10_118,120,1

21 
401-435 

29°04.350’- 

29°04.496’ 

88°22.975’- 

88°22.699’ 
2010 Cape Hatteras/K2 

Munida cf. iris GOM VK826 1 CH10_001 454-520 
29°09.710’- 

29°09.720’ 

88°00.618’’ 

88°01.269’ 
2010 Cape Hatteras/K2 

Munida microphthalma GOM GC852 1 4186_01 1410 27°06.357’ 91°09.974’ 2006 Atlantis/Alvin 

Munida microphthalma GOM GC600  3 4184_01-03 1250 27°21.991’ 90°33.835’ 2006 Atlantis/Alvin 

Munida microphthalma GOM GC600 1 4174_02 1250 27°22.123’ 90°33.982’ 2006 Atlantis/Alvin 

Munida microphthalma GOM GC852 3 CH07_27_01-03 1426-1564 27°06.3’* 91°09.9’* 2007 Cape Hatteras/OT 

Munida microphthalma GOM GC852 1 CH07_42_01 1478-1574 27°06.3’* 91°09.9’* 2007 Cape Hatteras/OT 

Munida cf. 

microphthalma 
GOM MC338 5 LII10_2170-74 1374 28°67.508’ 88°48.130’ 2010 Ronald H. Brown/J2 



   Taxon Basin Site1 N Sample code Depth (m) 2 
Latitude 

(N) 2 

Longitude 

(W) 2 
Year Ship/Sampling method3 

Munida cf. 

microphthalma 
GOM MC118  2 LII10_2135-36 900 28°85.587’ 88°49.356’ 2010 Ronald H. Brown/J2 

Munida sanctipauli GOM VK826  1 CH07_245_01 476 29°10.179’ 88°00.790’ 2007 Cape Hatteras/BC 

Munida cf. sanctipauli GOM VK826  1 SJ09_124 445 28°11.596’ 89°48.108’ 2009 Seward Johnson/JSL 

Munida cf. sanctipauli GOM VK826  1 SJ09_257 471 29°09.962’ 88°00.708’ 2009 Seward Johnson/JSL 

Munida cf. sanctipauli GOM VK826  2 CH10_044, 062 478-517 
29°10.099’- 

29°10.071’ 

88°01.722’- 

88°00.550 
2010 Cape Hatteras/OT 

Munida cf. sanctipauli GOM VK826  2 CH10_018,021 489-500 
29°10.103’- 

29°09.883’ 

88°01.232’- 

88°00.159’ 
2010 Cape Hatteras/OT 

Munida cf. sanctipauli GOM VK826  2 CH10_036-037 488-526 
29°10.191’- 

29°10.179’ 

88°00.873’- 

88°00.757’ 
2010 Cape Hatteras/K2 

Munida cf. sanctipauli NWA CF 1 4897_01 390 33°34.220’ 76°27.744’ 2005 Seward Johnson/JSL 

Munida valida NWA CCN  1 SJ09_374 408-446 
28°23.152’- 

28°23.342’ 

79°45.989’- 

79°45.986’ 
2009 Seward Johnson/JSL 

Munida valida NWA CLO 1 CH06_018_01 458-465 
34°11.373’- 

34°10.426’ 

75°52.742’ 

75°53.155’ 
2006 Cape Hatteras/OT 

Munida valida NWA CLO  1 SJ04_35_01 657-910 
34°12.556’- 

34°12.937’ 

75°46.292’- 

75°44.540’ 
2004 Seward Johnson/OT 

Munida valida NWA NC 1 MAC217 458 37°05.714’ 74°57.889’ 2013 Ronald H. Brown/J2 

Munida cf. valida GOM VK826  2 CH10_022-023 478-500 
29°09.962’- 

29°09.749’ 

88°01.049’- 

88°01.193’ 
2010 Cape Hatteras/OT 



   Taxon Basin Site1 N Sample code Depth (m) 2 
Latitude 

(N) 2 

Longitude 

(W) 2 
Year Ship/Sampling method3 

Munida cf. valida GOM VK826  5 
CH10_045-048, 

064 
478-517 

29°10.099’- 

29°10.071’ 

88°01.722’- 

88°00.550’ 
2010 Cape Hatteras/OT 

Munidopsis bermudezi GOM AC818  1 J2282_01 2746 26°10.785’ 94°97.289’ 2007 Ronald H. Brown/J2 

Munidopsis curvirostra GOM WR269 1 WR269_01 1919 26°41.187’ 91°39.780’ 2007 Ronald H. Brown/J2 

Munidopsis curvirostra NWA NC  1 MAC277 1682 36°53.960’ 74°27.520’ 2013 Ronald H. Brown/OT 

Munidopsis curvirostra NWA NC  2 MAC280-81 1603 37°04.322’ 74°25.064’ 2013 Ronald H. Brown/OT 

Munidopsis livida GOM AC818  1 J2282-02 2746 26°10.785’ 94°97.289’ 2007 Ronald H. Brown/J2 

Munidopsis  penescabra GOM VK826  2 
CH07_226_01-

02 
350-477 

29°09.703’- 

29°10.621’ 

88°01.112’- 

88°00.548’ 
2007 Cape Hatteras/TT 

Munidopsis similis GOM AT340 1 4179_01 2184 27°38.698’ 88°21.873’ 2006 Atlantis/Alvin 

Munidopsis similis GOM AT340  1 J2270_01 2192 27°38.694’ 88°21.843’ 2007 Ronald H. Brown/J2 

Munidopsis similis GOM GC852 1 CH07_42_02 1478-1574 
27°09.628’- 

27°10.643 

91°09.915’- 

91°09.879’ 
2007 Cape Hatteras/OT 

Munidopsis sp. A GOM AC818 1 4195_01 2744 26°10.181’ 94°37.368’ 2006 Atlantis/Alvin 

Munidopsis sp. A GOM AC818  1 J2282_03 2746 26°10.785’ 94°97.289 2007 Ronald H. Brown/J2 

Munidopsis sp. B GOM GC600 1 Msis4174_01 1250 27°22.123’ 90°33.982’ 2006 Atlantis/Alvin 

Munidopsis sp. B GOM GB543 1 4586_01 521 27°26.483’ 93°10.917’ 2003 Seward Johnson/JSL 

Munidopsis sp. C GOM WFS 1 CH10_216 401-435 
29°04.350’- 

29°04.496’ 

88°22.975’- 

88°22.699’ 
2010 Cape Hatteras/K2 



   Taxon Basin Site1 N Sample code Depth (m) 2 
Latitude 

(N) 2 

Longitude 

(W) 2 
Year Ship/Sampling method3 

Munidopsis sp. C GOM WFS 1 CH10_145 478-500 
29°09.962’- 

29°09.749’ 

88°01.049’- 

88°01.193’ 
2010 Cape Hatteras/K2 

Munidopsis sp. C GOM AT047  1 RB09_017 835 27°87.920’ 88°21.222’ 2009 Ronald H. Brown/K2 

Munidopsis sp. C GOM MC751 1 RB09_073 450 28°18.967’ 88°20.217’ 2009 Ronald H. Brown/J2 

Munidopsis sp. C GOM VK826  1 4872_01 453 29°89.642’ 88°01.163’ 2005 Seward Johnson/JSL 

Munidopsis sp. C GOM VK826  1 CH07_226_03 350-477 
29°09.703’- 

29°10.621’ 

88°01.112’- 

88°00.548’ 
2007 Cape Hatteras/TT 

Munidopsis sp. C GOM VK826  3 CH10_014-016 408-430 
29°04.330’- 

29°04.338’ 

88°22.588’- 

88°22.465’ 
2010 Cape Hatteras/OT 

Munidopsis sp. C GOM VK862  1 CH10_130 489-500 
29°10.103’- 

29°09.883’ 

88°01.232’- 

88°00.159’ 
2010 Cape Hatteras/K2 

Munidopsis sp. C GOM VK826  4 CH10_032-035 488-526 
29°10.191’- 

29°10.179’ 

88°00.873’- 

88°00.757’ 
2010 Cape Hatteras/K2 

Munidopsis sp. C GOM VK826  1 CH10_080 475-499 
29°10.259’- 

29°10.324’ 

88°00.817’- 

88°00.718’ 
2010 Cape Hatteras/K2 

Munidopsis sp. C NWA JAX 2 4684_01-02 569-554 
30°31.939’- 

30°30.842’ 

79°39.621’- 

79°39.624’ 
2004 Seward Johnson/JSL 

Munidopsis sp. D NWA NC  2 MAC428-29 1388 37°02.948’ 74°30.604’ 2013 Ronald H. Brown/J2 

Munidopsis sp. D NWA HC 1 ROPOS09 1049 41°03.490’ 66°21.728’ 2014 Henry Bigelow/ROPOS 

Munidopsis sp. D NWA CC 1 ROPOS10 840 41°20.276’ 66°08.801’ 2014 Henry Bigelow/ROPOS 

 



1Gulf of Mexico (GOM) sites include lease block and number, and are listed West to East: AC= Alaminos Canyon, WR= Walker Ridge, GC= Green 

Canyon, AT= Atwater Valley, MC= Mississippi Canyon, VK= Viosca Knoll, WFS= West Florida Slope; Northwestern Atlantic sites (NWA) are 

listed North to South:  CC= Corsair Canyon, HC=Heezen Canyon, BC=Baltimore Canyon, NC=Norfolk Canyon, CLO= Cape Lookout, CF= Cape 

Fear, JAX=Jacksonville, CCN=Cape Canaveral.  2Latitude/Longitude (in degrees decimal minutes) and depths are reported for sample event or 

when specific collection sites were uncertain, ranges from entire dive or trawl are presented. *Data from Roberts et al (2007);  3OT=otter trawl, 

TT=tucker trawl, BC=Box core, K2= remotely operated vehicle (ROV) Kraken2 (Northeast Underwater Research, Technology and Education 

Center, University of Connecticut), J2=ROV Jason2 (Woods Hole Oceanographic Institute), JSL=human operated vehicle (HOV) Johnson Sea-Link 

(Harbor Branch Oceanographic Institution), Alvin=HOV Alvin (Woods Hole Oceanographic Institute), ROPOS=ROV ROPOS (Canadian Scientific 

Submersible Facility) .  Research vessels employed were: NOAA ships Nancy Foster, Ronald H. Brown, Henry Bigelow (National Oceanic and 

Atmospheric Administration), R/V Cape Hatteras (Duke University - University of North Carolina Oceanographic Consortium), R/V Atlantis 

(Woods Hole Oceanographic Institute), R/V Seward Johnson (Harbor Branch Oceanographic Institution). 



 

TABLE 2: Interspecific pairwise genetic distances (uncorrected p-distances, below the diagonal) and standard 

errors (above the diagonal) between Munida species. 

 Taxon BGP1  N 1 2 3 4 5 6 7 8 9 10 11 

1 M. iris NWA 40  0.016 0.016 0.016 0.016 0.016 0.016 0.006 0.017 0.014 0.016 

2 M. microphthalma GOM 16 0.157  0.014 0.015 0.017 0.015 0.017 0.016 0.015 0.015 0.016 

3 M. sanctipauli NWA 10 0.158 0.122  0.011 0.016 0.010 0.017 0.016 0.016 0.016 0.016 

4 M. valida NWA 11 0.169 0.139 0.071  0.016 0.012 0.016 0.016 0.015 0.016 0.015 

5 M. intermedia NEA 24 0.170 0.165 0.185 0.192  0.017 0.012 0.017 0.016 0.017 0.016 

6 M. intermedia*  NEA 1 0.165 0.126 0.060 0.087 0.182  0.017 0.016 0.016 0.016 0.015 

7 M. rugosa NEA 3 0.156 0.157 0.185 0.171 0.102 0.182  0.016 0.016 0.016 0.017 

8 M. rutllanti NEA 7 0.028 0.152 0.159 0.174 0.180 0.160 0.167  0.017 0.014 0.016 

9 M. gracilis SWP 54 0.170 0.144 0.162 0.163 0.181 0.167 0.163 0.163  0.016 0.015 

10 M. gregaria SEP 110 0.113 0.145 0.161 0.176 0.175 0.163 0.155 0.117 0.166  0.016 

11 M. thoe WP 34 0.179 0.153 0.151 0.152 0.183 0.152 0.178 0.180 0.153 0.184  

 

1BGP= Biogeographic province as defined in Schnabel et al (2011): NEA=North East Atlantic, SWP=South West 

Pacific, SEP=South East Pacific, WP=West Pacific, with the addition of  NWA= North West Atlantic and GOM = 

Gulf of Mexico.  *Genbank accession number JQ348884, divergent from other M. intermedia. 

 



TABLE 3: DNA sequence diversity summary statistics for species of Munida calculated in DnaSP. 

 BGP N nt p μ s PI syn nsyn H Hd σ2Hd π k p-dist SEp G+C 

M. iris NWA 40 499 27 29 9 18 28 1 25 0.954 0.000 0.013 6.40 0.013 0.003 0.348 

M. microphthalma GOM 16 486 14 15 8 6 15 0 10 0.825 0.010 0.006 2.87 0.006 0.002 0.353 

M. sanctipauli NWA 10 485 13 13 11 2 13 0 9 0.978 0.003 0.007 3.20 0.006 0.002 0.370 

M. valida NWA 11 454 6 6 5 1 5 0 6 0.727 0.021 0.003 1.24 0.003 0.001 0.389 

M. intermedia NEA 24 499 19 19 10 9 19 0 22 0.993 0.000 0.006 3.13 0.006 0.002 0.348 

M. rutllanti NEA 7 482 7 8 5 2 5 3 5 0.857 0.019 0.005 2.62 0.005 0.002 0.357 

M. gracilis SWP 54 499 46 50 32 14 47 0 36 0.953 0.000 0.007 3.50 0.007 0.002 0.373 

M. gregaria SEP 110 479 30 31 19 11 29 2 33 0.628 0.003 0.002 0.99 0.002 0.000 0.328 

M. thoe WP 34 492 31 37 18 13 37 0 33 0.998 0.000 0.009 4.24 0.009 0.002 0.382 

 

BGP=biogeographic province; N = number of sequences per species; nt = sequence length in nucleotides; p = polymorphic sites; μ = number of mutations; s 

= singletons; PI = parsimony informative sites; syn = number of synonymous changes; nsyn = number of non-syn changes; H = number of haplotypes; Hd = 

haplotype diversity; σ2 = variance of Hd; π = nucleotide diversity; k = number of pairwise nucleotide differences;  p-dist = genetic distance; SEp = standard 

error of p-dist, based on 500 bootstrap replicates; G+C = proportion of guanine and cytosine nucleotide bases 

 



TABLE 4: Interspecific pairwise genetic distances (uncorrected p-distances, below the diagonal) and standard errors ( above the diagonal) between species of 

Munidopsis. 

 Taxon BGP N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1 M. abbreviata GOM 1  0.018 0.019 0.018 0.017 0.019 0.018 0.018 0.019 0.019 0.018 0.016 0.018 0.017 0.018 0.020 0.017 0.017 

2 M. aries NEA 1 0.193  0.015 0.019 0.020 0.014 0.017 0.016 0.020 0.020 0.020 0.019 0.015 0.016 0.014 0.021 0.018 0.018 

3 M. bermudezi GOM 1 0.197 0.107  0.019 0.019 0.014 0.015 0.015 0.020 0.021 0.020 0.019 0.014 0.015 0.014 0.021 0.019 0.018 

4 M. curvirostra WA 7 0.160 0.220 0.207  0.018 0.018 0.019 0.017 0.018 0.018 0.018 0.015 0.017 0.017 0.018 0.019 0.017 0.018 

5 M. erinacea GOM 1 0.164 0.217 0.201 0.188  0.019 0.019 0.019 0.019 0.019 0.019 0.016 0.018 0.019 0.019 0.020 0.016 0.017 

6 M. exuta MAR* 2 0.193 0.112 0.103 0.215 0.215  0.016 0.015 0.019 0.020 0.019 0.019 0.008 0.014 0.007 0.021 0.018 0.018 

7 M. lauensis WP 116 0.202 0.156 0.121 0.217 0.215 0.145  0.015 0.019 0.020 0.019 0.019 0.014 0.015 0.015 0.021 0.019 0.018 

8 M. livida GOM 1 0.183 0.154 0.126 0.204 0.196 0.123 0.154  0.018 0.019 0.019 0.018 0.014 0.015 0.014 0.020 0.018 0.018 

9 M. longimanus GOM 1 0.186 0.225 0.212 0.185 0.182 0.247 0.245 0.198  0.020 0.021 0.017 0.019 0.019 0.019 0.008 0.019 0.020 

10 M. opalescens SEP 1 0.159 0.207 0.210 0.155 0.159 0.196 0.202 0.185 0.196  0.018 0.017 0.019 0.019 0.019 0.021 0.019 0.019 

11 M. penescabra GOM 2 0.143 0.238 0.215 0.181 0.192 0.216 0.223 0.213 0.230 0.136  0.017 0.019 0.019 0.019 0.021 0.018 0.019 

12 M. polymorpha NEA 2 0.144 0.229 0.212 0.136 0.142 0.218 0.231 0.196 0.167 0.134 0.146  0.018 0.018 0.018 0.018 0.016 0.017 

13 M. recta EPR* 18 0.172 0.131 0.104 0.199 0.193 0.040 0.118 0.099 0.224 0.170 0.197 0.210  0.013 0.007 0.020 0.017 0.017 

14 M. similis GOM 3 0.174 0.146 0.122 0.183 0.208 0.117 0.142 0.130 0.219 0.179 0.198 0.189 0.093  0.013 0.020 0.018 0.018 

15 M. sp A GOM 2 0.177 0.112 0.108 0.204 0.199 0.031 0.127 0.113 0.227 0.178 0.212 0.208 0.028 0.097  0.020 0.017 0.017 

16 M. sp B GOM 2 0.194 0.248 0.231 0.188 0.195 0.248 0.250 0.213 0.027 0.194 0.232 0.180 0.231 0.227 0.233  0.020 0.020 

17 M. sp C WA 17 0.165 0.212 0.207 0.175 0.147 0.201 0.213 0.212 0.209 0.185 0.186 0.168 0.186 0.202 0.190 0.211  0.015 

18 M. sp D NWA 4 0.177 0.222 0.193 0.202 0.163 0.218 0.211 0.205 0.218 0.177 0.211 0.185 0.202 0.213 0.208 0.238 0.137  



Taxa in bold include those collected in this study.  BGP (biogeographic province) reflects where specimens were collected, not necessarily the entire species 

distribution.  WA= collected in both NWA + GOM. *Regions not defined in Schnabel et al (2011); MAR= Mid-Atlantic Ridge, EPR= East Pacific Rise. 

 

TABLE 5: DNA sequence summary statistics for species of Munidopsis calculated in DnaSP.   

 BGP  N nt p μ s PIS syn nsyn H Hd  σ2Hd
  π k p-dist SEp G+C 

Munidopsis sp C WA 17 434 9 9 5 4 9 0 9 0.86 0.005 0.004 1.65 0.004 0.001 0.395 

Munidopsis sp D WA 4 454 0 0 0 0 0 0 1 0.00 0.000 0.000 0.00 0.000 0.000 0.441 

Munidopsis curvirostra WA 7 454 4 4 4 0 3 1 2 0.29 0.039 0.003 1.14 0.003 0.001 0.346 

Munidopsis lauensis WP 116 454 4 4 4 0 3 1 5 0.07 0.001 0.000 0.07 0.000 0.000 0.438 

Munidopsis recta EPR 18 453 7 7 5 2 5 2 7 0.74 0.010 0.003 1.19 0.003 0.001 0.382 

 

BGP = biogeographic province;  N = number of sequences per species; nt = sequence length in nucleotides; p = polymorphic sites; μ = number of mutations; s = 

singletons; PI = parsimony informative sites; syn = number of synonymous changes; nsyn = number of non-syn changes; H = number of haplotypes; Hd = 

haplotype diversity; σ2 = variance of Hd; π = nucleotide diversity; k = number of pairwise nucleotide differences;  p-dist = genetic distance; SEp = standard error 

of p-dist, based on 500 bootstrap replicates; G+C = proportion of guanine and cytosine nucleotide bases 

See Table 2 and 3 for abbreviations and variables.  




