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Abstract: For much of terrestrial biodiversity, the evolutionary pathways of adaptation from
marine ancestors are poorly understood, and have usually been viewed as a binary trait. True
crabs, the decapod crustacean infraorder Brachyura, comprise over 7,600 species representing a
striking diversity of morphology and ecology, including repeated adaptation to non-marine
habitats. Here, we reconstruct the evolutionary history of Brachyura using new and published
sequences of 10 genes for 344 species spanning 88 of 104 families. Using 36 newly vetted fossil
calibrations, we infer that brachyurans most likely diverged in the Triassic, with family-level
splits in the late Cretaceous and early Paleogene. By contrast, the root age is underestimated with
automated sampling of 328 fossil occurrences explicitly incorporated into the tree prior,
suggesting such models are a poor fit under heterogeneous fossil preservation. We apply recently
defined trait-by-environment associations to classify a gradient of transitions from marine to
terrestrial lifestyles. We estimate that crabs left the marine environment at least five and up to 15
times convergently, and returned to the sea from non-marine environments three or four times.
Although the most highly terrestrial- and many freshwater-adapted crabs are concentrated in
Thoracotremata, Bayesian threshold models of ancestral state reconstruction fail to identify shifts
to higher terrestrial grades due to the degree of underlying change required. Lineages throughout
our tree inhabit intertidal and marginal marine environments, corroborating the inference that the
early stages of terrestrial adaptation have a lower threshold to evolve. Our framework and newly
compiled fossil and natural history datasets will enable future comparisons of non-marine
adaptation at the morphological and molecular level. Crabs provide an important window into
the early processes of adaptation to novel environments, and different degrees of evolutionary
constraint that might help predict these pathways.

Keywords: Brachyura, crustaceans, convergent evolution, terrestrialization, molecular
phylogeny, divergence times, fossil calibration, threshold model
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Introduction

Over 80% of estimated species comprising extant multicellular life inhabit terrestrial and
freshwater (“non-marine”) settings (Roman-Palacios et al. 2022). Microbial life began to
populate terrestrial habitats in the Precambrian, with eukaryotes potentially originating in non-
marine settings around 1.6 Ga (Jamy et al. 2022), although major multicellular groups such as
animals and plants were ancestrally marine. Their terrestrialization followed in the early
Paleozoic (approximately 538-444 Ma), led by arthropods entering coastal and marginal marine
settings (e.g., estuaries, lagoons), and plants that transformed the land and its sediments (Buatois
et al. 2022). Although molecular divergence time estimates infer early Paleozoic ages for
terrestrial arthropod crown groups (e.g., Bernot et al. 2022; Benavides et al. 2023), recognizable
body fossils of millipedes, arachnids, and hexapods have recorded their presence on land by the
onset of the Silurian—Devonian (443-359 Ma). Subsequently, these groups radiated to become
prominent components of terrestrial biodiversity. Fossil evidence suggests potential transitions
through marginal marine settings (Edgecombe et al. 2020; Lamsdell et al. 2020), but transitions
for many modern groups lack such clues (e.g., the remipede sister group is now predominantly
restricted to marine layers within anchialine caves), hinting at complex ecological pathways.
Here, we examine the evolutionary history of a clade, the true crabs (Decapoda: Brachyura), that
might provide insights into the early phases of adaptation from marine to non-marine
environments, now obscured by extinction.

As with life in general, crabs have an unequivocally marine ancestor. The largest group
of Brachyura, called Eubrachyura, which contains all non-marine members, could be as old as
the mid-Jurassic (183-161 Ma) based on phylogenomic divergence time estimates (Wolfe et al.
2019). During the “Cretaceous Crab Revolution” (145-66 Ma), many now-extinct lineages
appeared briefly, accompanied by the divergence of many extant superfamilies (Wolfe et al.
2019; Luque et al. 2019b; Wolfe et al. 2021). Although the direct record of fossil crabs from
non-marine sediments is depauperate, one well-preserved example of a completely extinct non-
marine eubrachyuran lineage is known from around 100 Ma (Luque et al. 2021), and chelipeds
of uncertain affinity from non-marine sediments around 74 Ma (Robin et al. 2019). Together,
these fossils suggest that crabs have been entering non-marine habitats for the majority of their
evolutionary history.

Complementary to direct fossil evidence, dated phylogenies and character mapping have
recently been applied (Davis et al. 2022; Tsang et al. 2022). Eubrachyura has been previously
divided into two presumed clades based on the position of the male gonopores: “Heterotremata”
and Thoracotremata. In a 10-gene molecular study focused on the relationships of the clade
Thoracotremata, the common ancestor of this clade was found to be “semi-terrestrial” (in Tsang
et al. [2022], this referred to intertidal habitats) and Cretaceous in origin, with at least four
transitions to terrestrial and two or three transitions to freshwater lifestyles, all within the
Cenozoic (Tsang et al. 2022). In one instance, sesarmid crabs (Geosesarma, vampire crabs)
transitioned from terrestrial to freshwater habitats. At least six returns to subtidal marine habitats
were estimated (Tsang et al. 2022). A separate supertree-based study across Decapoda inferred
three transitions to terrestriality and three to freshwater within all of Brachyura (Davis et al.
2022). One reversal from terrestrial to marine habitats was estimated. The oldest event,
encompassing the freshwater heterotreme groups Potamoidea, Gecarcinucoidea, and
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Pseudothelphusoidea, occurred in the upper Cretaceous, with others in the Cenozoic.
Additionally, Davis et al. (2022) inferred higher rates of speciation in non-marine crabs, but
habitat shifts were not found to be a significant causal factor driving crab diversity.

The aforementioned phylogenetic studies, however, treated marine, terrestrial, and
freshwater lifestyles as largely discrete ecologies for crabs. Indeed, previous studies have
described a gradient of terrestrial change based on independence from standing water (e.g., Bliss
1968; Powers and Bliss 1983; Hartnoll 1988). Others (e.g., Yeo et al. 2008; Cumberlidge and Ng
2009; Cumberlidge et al. 2009) focused on the seven exclusively (“primary”) freshwater crab
families and their vicariant biogeography leading to high endemicity and risks of extinction, but
rarely drew comparisons with terrestrial crabs. Recently, Watson-Zink (2021) unified the
conceptualization of the terrestrial and freshwater crab lifestyles as a series of ecological,
morphological, and physiological traits describing grades of terrestriality. Crabs can transition
from fully marine lifestyles (Figure 1A-E) along either of two transition pathways: through
marine-associated environments (e.g., the “direct” pathway of Tsang et al. [2022], via intertidal,
mangroves, beaches: Figure 1F-J) or through freshwater environments (e.g., the “indirect”
pathway via estuaries, rivers: Figure 1K-O). Each grade of terrestriality is loosely associated
with habitats: lower intertidal and estuaries (grade 1), upper intertidal and freshwater (grade 2),
beaches and riverbanks (grade 3), and coastal forests and jungles, including tree climbing (grades
4-5; Watson-Zink 2021). Less terrestrial crabs (grades 1 and 2) in either pathway can tolerate
fluctuating environments, with osmoregulatory ability likely playing a major role in these
lifestyles (Watson-Zink 2021). Crabs of higher terrestriality (grades 3-5) develop further
morphological and developmental adaptations, such as branchiostegal lungs and water-wicking
setae to prevent desiccation, and increasingly abbreviated larval development and parental care
(Watson-Zink 2021). It is evident that multiple brachyuran families have repeatedly evolved
members of both transition pathways and various grades, but their distribution across crab
phylogeny (within and beyond Thoracotremata) over time remains unclear.

To resolve the convergent evolution and timing of terrestriality, we present the most
robust molecular taxon sampling to date for Brachyura, representing 344 species and 88 of 104
families. As our data represent only Sanger sequences of 10 loci, revision of brachyuran
systematics is beyond the scope of the current study (Timm and Bracken-Grissom 2015), and
efforts are currently underway to clarify deep relationships using phylogenomics. Furthermore,
to partially ameliorate false confidence in the topology, we provide additional metrics describing
the degree of nodal uncertainty. Using these data, we contrast divergence times inferred using 36
newly vetted calibrations with traditional node dating, and 328 calibrations sampled from the
Paleobiology Database under the fossilized birth-death (FBD) and skyline models of tree
evolution, one of only a few empirical comparisons of its type. Finally, we summarize the natural
history traits of each sampled crab to assign each along a gradient of transitions from marine to
terrestrial lifestyles (Watson-Zink 2021), and use Bayesian threshold models of ancestral state
reconstruction to estimate convergent events.
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Figure 1. Representative brachyurans displaying different lifestyles and grades of terrestriality. (A-E) Fully marine
lifestyle, grade O; (F-J) direct marine transition pathway, grades 1-5 bottom to top; (K-O) indirect freshwater
transition pathway, grades 1-5 bottom to top. (A) Portunidae: Portunus sayi (Bermuda); (B) Calappidae: Calappa
calappa (Kwajalein Atoll, Marshall Islands); (C) Epialtidae: Cyclocoeloma tuberculatum (Anilao, Philippines); (D)
Raninidae: Ranina ranina (Oahu, Hawaii, USA); (E) Homolidae: Paromola cuvieri (Gorringe Ridge, Portugal); (F)
Gecarcinidae: Gecarcoidea natalis (Christmas Island, Australia); (G) Gecarcinidae: Cardisoma guanhumi (Fort
Lauderdale, Florida, USA); (H) Ocypodidae: Uca heteropleura (Pacific coast, Panama); (1) Grapsidae:
Leptograpsus variegatus (Tasmania, Australia); (J) Eriphiidae: Eriphia sebana (Heron Island, Queensland,
Australia); (K) Sesarmidae: Geosesarma dennerle (aquarium specimen); (L) Deckeniidae: Madagapotamon
humberti (Montagne de Francais Reserve, Madagascar); (M) Gecarcinucidae: Ghatiana botti (Sindhudurg, India);
(N) Pseudothelphusidae indet. (Santander, Colombia); (O) Hymenosomatidae: Hymenosoma orbiculare (Langebaan
Lagoon, South Africa). Photo credits: (A) Jessica Riederer; (B, C) Jeanette and Scott Johnson; (D) John Hoover; (E)
© OCEANA; (F) John Tann, license CC-BY; (G) Tom Friedel, license CC-BY 3.0; (H) Kecia Kerr and Javier
Luque; (1) Joanna Wolfe; (J,N) Javier Luque; (K) Henry Wong; (L) Sara Ruane; (M) Tejas Thackeray; (O) Charles
Griffiths.
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Materials and Methods

Taxon sampling

This dataset represents over 15 years of sampling crabs in the field or from museum
collections (Table S1). The final dataset includes 88 families, 267 genera, 336 species and 344
individuals within the infraorder Brachyura, 42% representing new sequence data, with the
remainder obtained directly from GenBank (Table S1). All taxonomy was checked against
expert compilations (Ng et al. 2008; Poore and Ahyong 2023; WoRMS 2022).

Gene selection

A total of 10 genes were selected based on previous phylogenetic research of decapods
(Spears and Abele 1998; Schubart et al. 2000; Tsang et al. 2008; Bracken-Grissom et al. 2013;
Tsang et al. 2014). These included two mitochondrial ribosomal RNA (rRNA) coding genes, 12S
(small ribosomal subunit) and 16S (large ribosomal subunit) as well as two nuclear rRNA genes,
18S (small ribosomal subunit) and 28S (large ribosomal subunit). The six nuclear protein-coding
genes NaK (sodium—potassium ATPase a-subunit), PEPCK (phosphoenolpyruvate
carboxykinase), GADPH (glyceraldehyde 3-phosphate dehydrogenase), H3 (histone 3), enolase
(phosphopyruvate hydratase), and AK (arginine kinase) were also included. A minimum of two
genes were required for each taxon included in the analysis.

DNA extraction, PCR, and sequencing

Genomic DNA was extracted from the gills, abdomen, pereopod, or pleopod, using the
Qiagen DNeasy® Blood and Tissue Kit (Cat. No. 69582), QlAamp DNA Mini Kit (Cat. No.
51304) or QlAamp DNA Micro Kit (Cat. No. 56304). Gene regions were amplified with
polymerase chain reaction (PCR) using one or more sets of primers. Annealing temperatures and
primer sequences are as follows: 12S rRNA (325 bp, Buhay et al. 2007), 16S rRNA (339 bp,
Simon et al. 1994; Crandall and Fitzpatrick 1996; Schubart et al. 2002), 18S rRNA (1798 bp,
Medlin et al. 1988; Whiting et al. 1997; Whiting 2002; Bracken et al. 2009), 28S rRNA (1892
bp, Whiting et al. 1997; Whiting 2002; Palero et al. 2008), histone 3 (H3) (336 bp, Colgan et al.
1998), NaK (606 bp, Tsang et al. 2008), PEPCK (582 bp, Tsang et al. 2008), GADPH (609 bp,
Tsang et al. 2011), enolase (399 bp, Tsang et al. 2011), and AK (630 bp, Tsang et al. 2011).

PCR amplifications were performed in 25-50 pl volumes containing 1 U of Taq
polymerase (HotMaster, AccuPrime or REDTaq), PCR Buffer, 2.5 mM of deoxyribonucleotide
triphosphate mix (ANTPs), 0.5 uM forward and reverse primer, and 30-100 ng extracted DNA.
The thermal profile used an initial denaturation for 1 min at 94°C followed by 3040 cycles of 30
sec-1 min at 94°C, 45 sec-1 min at 46-58°C (depending on gene region), 1 min at 72°C and a
final extension of 7 min at 72°C. PCR products were purified using filters (PrepEase™ PCR
Purification 96-well Plate Kit, USB Corporation) and sequenced with ABI BigDye® terminator
mix (Applied Biosystems, Foster City, CA, USA). Cycle Sequencing reactions were performed
in an Applied Biosystems 9800 Fast Thermal Cycler (Applied Biosystems, Foster City, CA,
USA), and sequencing products were run (forward and reverse) on an ABI 3730x| DNA
Analyzer 96-capillary automated sequencer.
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Phylogenetic analysis

Sequences (n = 2251) were assembled and trimmed within Geneious Prime (Kearse et al.
2012). All protein coding genes (AK, enolase, GADPH, H3, NaK, PEPCK) were checked for
pseudogenes following Song et al. (2008). Ribosomal RNA genes (12S, 16S, 18S, 28S), were
individually aligned using the MAFFT via local iterative refinement algorithms in Geneious
v.2021.0.1 (Kearse et al. 2012; Katoh and Standley 2013). Protein-coding genes were
individually aligned in Geneious using the MAFFT global iterative refinement algorithm. To
remove regions of questionable homology, rRNA alignments were masked in GBlocks v.0.91b
(Castresana 2000) under “less stringent” parameters.

Alignments were concatenated in Geneious Prime. Best-fitting partitions were selected
by an edge-linked proportional model (Chernomor et al. 2016) and substitution models with
ModelFinder (Kalyaanamoorthy et al. 2017) in IQ-TREE v.2.1.2 (Minh et al. 2020b). The best-
fitting scheme was used to estimate the concatenated maximum likelihood (ML) phylogeny, also
in IQ-TREE, using 10 independent runs with perturbation strength 0.2 and stopping at 500
iterations, selecting the best topology by the highest log likelihood (Zhou et al. 2018). Ultrafast
(UF) bootstrap values were calculated from 1000 replicates using the -bnni flag (Hoang et al.
2018). Gene and site concordance factors (gCF and sCF, respectively) were calculated in 1Q-
TREE v.2.2.2 (Minh et al. 2020a; Mo et al. 2022), simultaneously generating individual gene
trees using ML. We further explored the resolution of individual loci evolving at different rates
by using a metric for per-site phylogenetic informativeness (Townsend 2007) estimated by the
online PhyDesign program (http://phydesign.townsend.yale.edu/; Lépez-Girdldez and Townsend
2011) using the DNArates substitution model.

We conducted a Bayesian inference (Bl) analysis of the concatenated loci using MrBayes
v.3.2.7 (Ronquist et al. 2012). Two runs and four chains were run for 35 million generations with
25% burnin. Convergence was assessed by reaching effective sample size >200 for every
parameter, and by evaluating posterior distributions in Tracer v.1.7.1 (Rambaut et al. 2018).

Fossil calibration and divergence time inference

We compared two strategies for fossil calibration: (1) 36 newly vetted node calibrations,
and (2) 328 fossil occurrences from the Paleobiology Database (PBDB; http://palecbiodb.org/).
For node calibration, all calibrations followed best practices regarding specimen data,
morphological diagnosis, and stratigraphy (Parham et al. 2012; Wolfe et al. 2016; details in Text
S1, Table S2), and were assigned to a crown group node at the family level or higher. All
internal calibration age distributions were uniform. We applied a root prior with a fossil-
informed lognormal distribution (mean = 282 Ma, standard deviation = 0.25, offset = 25; based
on the same node in Wolfe et al. [2019]). This node dating strategy used a birth-death tree prior.

We downloaded fossil occurrences from the PBDB on March 23, 2022, for Brachyura at
family-level taxonomic resolution, excluding uncertain genera and species, with accepted names
only, from Jurassic to Pleistocene. Although issues are known with the entry of decapod fossil
taxonomy in the PBDB, higher levels are somewhat adequate (M. Uhen and M. Clapham, pers.
comm.). We spot checked occurrences for accuracy, updated PBDB taxonomy where we found
errors, and manually removed from our downloads 30 families that could not be placed in our
tree (extant families without molecular data, or extinct families with no known phylogenetic
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context). We randomly subsampled 10% of the 3,276 remaining occurrences, resulting in 328
occurrences. All fossil occurrences were assigned age ranges from the PBDB, each with a
uniform distribution (Barido-Sottani et al. 2019, 2020). To incorporate these fossil samples as
part of the inferred evolutionary process, we used the unresolved time-homogeneous fossilized
birth-death (FBD) tree prior (Stadler 2010; Heath et al. 2014; O’Reilly and Donoghue 2020),
conditioned on the same root prior as above. The diversification rate was assigned a uniform
prior (0, infinity) to reflect the unknown proportion of extinct relative to extant species, and an
initial rate of 0.01. The turnover rate and sampling proportion were both assigned uniform priors
with distribution (0, 1). For rho, the proportion of living species sampled, the value was fixed at
0.04 based on 7,636 valid brachyuran species in WoRMS (WoRMS 2021).

To reflect the complete absence of brachyuran fossils from earlier than the Jurassic,
which represents a known ghost lineage when compared to the diversity and abundance of
anomuran fossils, thus earlier diversification of the sister group (Hegna et al. 2020; Wolfe et al.
2021), we also analyzed the fossil occurrence calibration set using a birth-death skyline tree prior
with sequential sampling (BDSS; Stadler et al. 2013; Culshaw et al. 2019). Fossil sampling
proportion was modeled as time-heterogeneous with time slices before and after the oldest fossil
sample (initial values of 0 and 0.1, respectively), and a uniform prior distribution (0, 1). This was
done using the TreeSlicer function from the skylinetools package
(https://github.com/laduplessis/skylinetools). While we used the same root prior, the origin time
was estimated with a uniform prior (182, 372) and an initial value of 325 Ma (Text S1; Wolfe et
al. 2019). The reproductive number RO (i.e., birth rate/total death rate) had a dimension of 5; this
parameter and the total death rate were both assigned lognormal prior distributions.

All divergence time analyses were conducted in BEAST?2 v.2.6.4 (Bouckaert et al. 2019)
using a fixed starting tree derived from our ML concatenated results. When using fossil
occurrences (FBD and BDSS analyses only), these were added to the starting tree as “rogues”
(able to move within pre-assigned family level constraints following Barido-Sottani et al. [2022],
as most decapod fossils are fragmentary and cannot be confidently assigned). All analyses linked
the substitution models selected by ModelFinder, and the clock models of those partitions (4
categories total). For each calibration strategy and tree prior, we compared two clock models:
relaxed lognormal (Drummond et al. 2006) and random local (Drummond and Suchard 2010),
using lognormal priors on the mean branch rates (lower and upper values of 0.001 and 1,
respectively). Analyses used four to six independent runs for at least 450 million generations
with 25% burnin, visualized as a maximum clade credibility tree. Convergence was assessed as
above. Having explored a total of six divergence time analyses, we visualized the results from
different parameter sets using chronospace scripts (Mongiardino Koch et al. 2022; development
version, will provide scripts for final paper).

Ancestral state reconstruction

To code character states representing a gradient of terrestriality, we used a modified
version of the trait-by-environment associations defined by Watson-Zink (2021). Distinct
transition pathways were defined for marine and freshwater routes. For each pathway, we used
five of the six grades of increasing terrestriality; the highest level does not appear in our data
(Watson-Zink 2021). We added a grade 0, to indicate that the ancestral state for all crabs is fully
marine (Figure 1A-E). Using this framework, we coded discrete grades of terrestriality
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following two schemes. The first scheme coded the taxa that were sequenced in our molecular
phylogeny and required detailed justification from natural history literature (Table S3, Text S2).
Justifications accounted for available data on adult habitat, osmoregulatory status, larval
developmental strategy, primary respiratory structure, water-wicking setae, burrow type, and
diurnal activity period (Watson-Zink 2021). As our phylogeny sampled 4% of brachyuran
species as tips, we also constructed a scheme to estimate grades for unsampled species for which
the phylogenetic positions are unknown. For this scheme, we downloaded all taxonomic data,
including non-marine taxa, from WoRMS as of June 8, 2021. For families sampled in our tree,
we used the WoRMS data to estimate the number of species that fall into each grade (without
detailed literature survey per species) and accordingly assigned prior distributions to each tip on
the molecular phylogeny (Table S4).

First, we used stochastic character mapping (Bollback 2006; Revell 2012) to infer
ancestral states at each node on the chronogram with vetted calibrations. For this we used a
single dataset, where the natural history codings were simplified to marine, and marine/direct
and freshwater/indirect transition paths (i.e., three unordered states of a single character), with
the posterior distribution simulated 500 times. Next, we used Bayesian threshold models (Revell
2014) to account for gradients of change. A character coded with discrete ordered states (i.e., our
grades) was assumed to evolve according to an unobserved continuous trait called “liability”
(here representing the coded natural history traits combined with additional unobserved factors).
Following Sallan et al. (2018), we assume thresholds represent the amount of change in
terrestriality traits that allows a habitat shift. As there are two independent transition pathways
with their own gradients, these were analyzed separately for each direction of change (and on
subclades for transitions between direct and indirect pathways). Threshold models for ancestral
state reconstruction were implemented as the ancThresh function in phytools (Revell 2012).
Each ancThresh model (Brownian Motion: BM, Ornstein-Uhlenbeck: OU, and Pagel’s Lambda)
was run for 50 million generations (5 million for subclades) with 20% burnin (Revell 2014;
Sallan et al. 2018).

Results

Phylogenetic relationships

The concatenated alignment length comprised 7,516 bp in total from two mitochondrial
rRNA, two nuclear rRNA, and six nuclear protein-coding genes (gene trees visualized in Figures
S1-10). Results using ML and Bl were similar, with some deeper nodes (higher than family
level) maintaining low to moderate support (UF bootstrap = 50-94; Figures 2, S11) with ML and
generally stronger support (most posterior probabilities > 0.98; Figure S12) with BI. For each
node of the ML tree, gCF reflects the percentage of loci containing all the descendant taxa, and
sCF the percentage of sites supporting the node (Minh et al. 2020b). Both concordance factors
illustrate a spectrum of support across nodes that are fully supported with UF bootstraps (Figure
S13). The average gCF was 32.73 (Figures S11, S13), indicating one third of loci support the
average node. However, nearly half of sites support the average node (average sCF = 45.64),
demonstrating the benefit of concatenation for small numbers of loci.


https://www.zotero.org/google-docs/?USfjf5
https://www.zotero.org/google-docs/?AVIWUQ
https://www.zotero.org/google-docs/?yChWqC
https://www.zotero.org/google-docs/?yChWqC
https://www.zotero.org/google-docs/?qvKFW9
https://www.zotero.org/google-docs/?o0LvSG
https://www.zotero.org/google-docs/?2zYdMM
https://www.zotero.org/google-docs/?2zYdMM
https://doi.org/10.1101/2022.12.09.519815
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.12.09.519815; this version posted December 12, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY 4.0 International license.

UF bootstrap support:
® =95%

O 50-94%

O <50%

Section/subsection:

® "PODOTREMATA"
"HETEROTREMATA"

® THORACOTREMATA

Superfamily:

CYCLO: CYCLODORIPPOIDEA
HYMENO: HYMENOSOMATOIDEA
GECARC: GECARCINUCOIDEA
GR: GRAPSOIDEA

PINNO: PINNOTHEROIDEA
CRY: CRYPTOCHIROIDEA

R: RETROPLUMOIDEA

PST: PSEUDOTHELPHUSOIDEA
O: ORITHYIOIDEA

TRD: TRICHODACTYLOIDEA

B: BELLIOIDEA

GO: GONEPLACOIDEA

PSZ: PSEUDCZICIDEA

PSC: PSEUDOCARCINOIDEA
D: DAIROIDEA

E: ERIPHIOIDEA

C: CARPILIOIDEA

PARTH: PARTHENOFPOIDEA
A:AETHROIDEA

CANC: CANCROIDEA

CO: CORYSTOIDEA

CH: CHEIRAGONOIDEA

BY: BYTHOGRAEOIDEA

T: TRICHCPELTARIOIDEA
TRAP/TR: TRAPEZIOIDEA

Figure 2. Summary of phylogeny and divergence time estimates for Brachyura. Posterior ages were estimated in
BEAST?2 using a fixed topology resulting from the concatenated ML analysis in 1Q-TREE, 36 vetted node
calibrations, a birth-death tree prior, and relaxed lognormal clock model. Shaded circles at nodes represent ultrafast
bootstraps. Pie slices are colored by superfamily, with the outermost ring colored by taxonomic section. Line
drawings, one representative per superfamily (numbers corresponding to taxa in Table S5), by Javier Luque and
Harrison Mancke.

Revision of brachyuran systematics at nodes above the family level would best be
undertaken with phylogenomic scale data (Wolfe et al. 2019 and phylogenetic informativeness
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profiles, Figure S14), therefore we only briefly summarize the topology results here and in
Figure 2. Podotremes are paraphyletic with respect to Eubrachyura, forming the following
successive clades: Dromioidea + Homoloidea (this pairing has low support from ML, but strong
from BI), Raninoidea, and Cyclodorippoidea (latter two clades with full support). Within
Eubrachyura, subsection Heterotremata is paraphyletic with respect to monophyletic
Thoracotremata. The so-called primary freshwater crabs are polyphyletic. The African and
Eurasian groups (Potamoidea and Gecarcinucoidea) form a clade (UF bootstrap = 95, posterior
probability = 0.89), and are themselves the sister clade of the Gondwanan Hymenosomatoidea
(UF bootstrap = 92, posterior probability = 1). Together, this group comprises the sister group of
Thoracotremata, with moderate support from ML (albeit with low concordance factors) and full
support from BI. Within Thoracotremata, some higher-level relationships are weakly supported
by ML (UF bootstraps < 75%, low gCF), but most nodes are similar to Bl (where they have
moderate to high support). Both Grapsoidea and Ocypodoidea are polyphyletic.

Meanwhile, the Neotropical freshwater groups branch off within clades including the
deepest (Pseudothelphusoidea) and second deepest (Trichodactyloidea) divergences within the
main heterotreme group, although these nodes are not strongly supported by traditional metrics
in either analysis (concordance factors for both are > 60, some of the highest in our data). The
remaining heterotremes are subdivided into Majoidea, and two large supported clades containing
24 and 23 families, respectively. Within these latter clades, the superfamilies Eriphioidea and
Goneplacoidea are strongly polyphyletic. Some deep splits within both clades are poorly
supported (some nodes UF bootstrap < 50, concordance factors = 0, posterior probability < 0.8).

We find that 76 of all sequenced families are monophyletic, with the same exceptions in
both ML and BI trees. Paraphyletic families are: the podotremes Homolidae (containing
Latreillidae), Raninidae (containing Lyreididae), and Cyclodorippidae (containing
Cymonomidae), and the heterotremes Epialtidae (containing Mithracidae), Carcinidae
(containing Thiidae and Polybiidae), Corystidae (containing Cheiragonidae), Leucosiidae
(containing Iphiculidae), and Pilumnidae (containing Galenidae). Polyphyletic families, all
within heterotremes, are: Majidae, Bythograeidae, Platyxanthidae, and Pseudoziidae.

Divergence times

Results of divergence time inference vary depending on parameters used, with results of
the vetted calibration strategy distinct on the major axis (Figure 3A), and the FBD and BDSS
results being similar to one another. Although none of the random local clock analyses
converged after extensive runtime, we plotted samples from their individual chains with burnin
of 50% to reduce the effect of poor mixing; when included, the choice of clock model also
differs significantly (Figure 3B), but mostly in the same direction at the same nodes as the
calibration strategy (Figure 3C). In case the unconverged analyses were skewing the results, we
plotted results from relaxed lognormal clocks alone (Figure S15), finding the groupings by
calibration strategy were upheld.

Similar to Wolfe et al. (2019), using the vetted node calibrations, the divergence of

Meiura (i.e., the root node) is inferred in the Permian (mean age at 277 Ma), while crown group
Brachyura diverged in the Triassic (mean age 241 Ma), and crown group Eubrachyura in the
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Jurassic (mean age 179 Ma). Superfamily level divergences were inferred in the Jurassic for
podotremes, and almost entirely within the Cretaceous within Eubrachyura (Figure S16).

250 201 145 100 56 0 Ma
A c [ | [ 1 ] (k] (] i

calibration

strategy

@ vetted
FBD

® BDSS

bgPCA axis 2 (0.33% of variance)

o= bgPCA axi; 1 (37.92% of variance)

clock model
random
local
relaxed
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Count

sora NN
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[
Cretaceous Paleogene Ng.
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Figure 3. Sensitivity of divergence time estimates to inference strategy plotted with chronospace, with outgroup
taxa removed from these analyses. (A) Between--group principal component analysis (bgPCA) separating
chronograms by calibration strategy and (B) by clock model (note: analyses with the random local clock model did
not converge, so individual chains are sampled here with 50% burnin). (C) Change in branch lengths along the
major bgPCA axis, discriminating based on calibration strategy. Negative extreme above, positive extreme below.

Divergence estimates using fossil occurrence sampling were both considerably younger
than with the vetted calibrations, with the root estimate in the Jurassic in both cases (mean ages
at 180 Ma for FBD, and 191 Ma for BDSS; Figures S17-18). The PBDB calibrated analyses are
relatively immune to the root prior (Figure S19A). Most other nodes were similarly compressed,
with crown group Brachyura in the Jurassic and superfamily level divergences pushed to the
Upper Cretaceous and Paleogene, although the posterior did not follow the marginal prior at
some nodes with BDSS (Figure S19B). These analyses often inferred the placement of “rogue”
fossils within the stem groups of their families. Consequently, a number of family level crown
group ages were underestimated relative to their known vetted calibrations (e.g., Dromiidae,
Dynomenidae, Raninidae, Percnidae, Varunidae, Euryplacidae, and Panopeidae; Table S2).
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Evolution of terrestriality

In the summary of stochastic character mapping, six total shifts from marine to non-
marine were inferred (Figure S20). These were at the base of Pseudothelphusoidea,
Trichodactylidae, Menippidae, Eriphiidae, and Oziidae, and at the base of the clade of
(Thoracotremata, Hymenosomatidae, Potamoidea, Gecarcinucidae). The latter node was split,
with slightly higher posterior probability of being freshwater than terrestrial or marine, leading to
a freshwater node for the base of (Hymenosomatidae, Potamoidea, Gecarcinucidae) and a
terrestrial common ancestor of Thoracotremata. As individual stochastic character maps inferred
shifts on branches leading to a single coded tip (e.g., Carcinus maenas), the median number of
shifts to non-marine was 12. One shift from the freshwater to terrestrial pathway was found in
Hymenosomatidae (note, all non-zero grades were collapsed, so the “terrestrial” members here
are intertidal). Two shifts from terrestrial to freshwater were found in Glyptograpsidae and
Varunidae, respectively. Two reversals to marine were inferred at the clades of Xenophthalmidae
and Pinnotheridae, and Cryptochiridae.

Using threshold models for both transition pathways, the best-fitting model was OU
based on the lowest output Deviance Information Criterion (DIC) (Table S6). For the direct
pathway, two shifts to non-marine grades were inferred at nodes: one at the base of
Thoracotremata, and one in Menippidae (Figures 4, S21). If we consider grades 1 and 2 to be
semi-terrestrial (similar to a character state from Tsang et al. [2022] referring to intertidal
habitats), then the number of node origins for grades 3-5 is three: one each at the base of
Ocypodidae, the clade formed by (Gecarcinidae, Sesarmidae, and Dotillidae), and the clade
formed by (Mictyridae, Heloeciidae, Macrophthalmidae, and Varunidae). The last clade features
a return to grade 2 at the base of the clade of Macrophthalmidae and Varunidae. Based on the
estimated liabilities (i.e., thresholds of change required to transition to a different grade), it is 8—
34 times easier to move to grades 1 and 2 than to grades 3 and above (Table S6, Figure S22A-
B). Six reversals to not being terrestrial via this pathway (i.e., scored as grade 0) are inferred in:
Glyptograpsidae, the clade of Xenophthalmidae and Pinnotheridae, Xenograpsidae,
Cryptochiridae, Plagusiidae, and Varunidae. In the case of Glyptograpsidae and Varunidae, these
shifts are to the indirect freshwater pathway (Figure 4). Some tips that were coded with a
majority of the prior probability failed to infer a shift at any nodes, such as Hymenosomatidae,
Eriphiidae, and Oziidae (60% grade 1 for the former, 100% for the latter two), and Gecarcinidae
(entirely grades 3-5, with 70% at grades 4 and 5).

For the indirect pathway, four shifts to non-marine grades were inferred at nodes: one at
the base of the clades Potamoidea + Gecarcinucidae, and one each for Glyptograpsidae,
Pseudothelphusoidea, and Trichodactylidae (Figures 4, S23). If we consider grades 1 and 2 to be
semi-terrestrial, then only Pseudothelphusoidea and Potamidae + Gecarcinucidae are inferred
(each with nodes at grade 3). The liabilities indicate that it is extremely easy to move to grade 1,
but 10 times harder to move to grade 2, and over 100 times harder to move to grade 3 (Table S6,
Figure S22C-D). Hymenosomatidae has 25% tip prior probabilities at grade 1, but no shifts were
inferred. When analyzed as subclades, a transition was inferred from ancestrally freshwater to
non-freshwater in Hymenosomatidae (Figure S24), but we could not infer a transition from
ancestrally terrestrial (direct pathway) to freshwater for Sesarmidae (Figure S25).
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Figure 4. Composite of ancestral state reconstructions for the two transition pathways under best-fitting OU models
in ancThresh, with fully marine clades (all families that are not labeled) reduced for clarity and outgroups removed.
Legend for grades and colors representing each pathway at bottom left: fully marine crabs (grade 0), lower intertidal
and estuaries (grade 1), upper intertidal and freshwater (grade 2), beaches and riverbanks (grade 3), and coastal
forests and jungles (grades 4-5). Pies at nodes represent the estimated ancestral state with the outer ring indicating
the pathway (at some nodes, both pathways are shown; when node is inferred marine, none are shown). Tip codings
are based on estimates by family (Table S4), with the collapsed clades showing the color that represents the largest
slice of their prior probabilities (split in the case of equal probabilities for two grades). For clades that have a small
number of taxa in a grade from the opposite pathway, a small triangle is added. Line drawings at right (numbers
corresponding to taxa in Table S5), by Javier Luque and Harrison Mancke.
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Discussion

Relationships and divergence of true crabs

Previous molecular phylogenies of Brachyura have been constructed from eight to 10
Sanger loci (Tsang et al. 2014, 2022), mitochondrial genomes (Tang et al. 2017; Tan et al. 2019;
Wang et al. 2021; Jennings et al. 2021; Lau et al. 2021; Sun et al. 2022; Zhang et al. 2022),
transcriptomics (Ma et al. 2019) and genomic target capture (Wolfe et al. 2019). However, the
deep relationships among families and superfamilies remain uncertain, as the most extensive
study (Tsang et al. 2014) sampled only 58 of 104 families with eight genes and low support at
deep nodes, and more extensive gene sampling was coupled with even lower taxon sampling
(Timm and Bracken-Grissom 2015; Wolfe et al. 2019). Although it is evident that the genes we
and others have used are insufficient to resolve deep relationships even with current taxon
sampling (Figure S14), many regions of the tree are strongly supported. For example, the
broadest strokes of our topological results (Figure 2) contribute to the chorus of molecular and
morphological analyses rejecting the monophyly of podotremes (e.g., Ahyong et al. 2007; Tsang
et al. 2014, 2022; Luque et al. 2019a, 2019b; Tan et al. 2019) and heterotremes (e.g., Scholtz and
Richter 1995; von Sternberg and Cumberlidge 2001; Tsang et al. 2014; Ma et al. 2019; Tan et al.
2019). Our divergence time estimates exceed most previous publications, except the deeper ages
inferred by Wolfe et al. (2019) and the hypotheses of Guinot et al. (2019), but see below for
evaluation.

The relationships among thoracotremes were recently examined by Tsang et al. (2022).
As in their study, we find polyphyly of Ocypodoidea (fiddler, ghost crabs, and relatives),
although our Grapsoidea (shore crabs, land crabs, and relatives) are separated into five clades, as
opposed to four in Tsang et al. (2022). The main nodes where our results differ are: (1) the
derived position of Dotillidae (sand bubbler crabs), (2) separation of the symbiotic groups
Cryptochiridae (coral gall crabs) and Pinnotheridae (pea crabs), and (3) the position of
Plagusiidae (different between ML and Bl in our data: see Figure S12). For points (2) and (3),
we do recover weak support using all metrics. Ultimately, both studies use eight of the same loci.
Our data incorporates the nuclear rRNA genes, with relatively low phylogenetic informativeness
above the family level (Figure S14), yet both studies produce strong support at the base of
thoracotreme families (note that Tsang et al. [2022] designated UF bootstraps > 90% as strong,
which would add several nodes to our “strongly supported” category in Figure 2). Finally, the
backbone of thoracotreme phylogeny has been briefly addressed in two phylogenomic studies
(Ma et al. 2019; Wolfe et al. 2019), and our results are similar to both, including the position of
Sesarmidae (e.g., mangrove and vampire crabs) under models analyzing nucleotide data. A more
robust understanding of internal thoracotreme relationships may be derived with additional
phylogenomic data, but our results are sufficient to infer ancestral states, with the caveat of lower
confidence at the abovementioned nodes.

Polyphyly of the “primary” freshwater crab families (Deckeniidae, Epiloboceridae,
Gecarcinucidae, Potamidae, Potamonautidae, Pseudothelphusidae, Trichodactylidae) has been
found previously (e.g., von Sternberg and Cumberlidge 2001; Tsang et al. 2022). The inclusion
of Hymenosomatidae (pillbox crabs) with the African and Eurasian freshwater groups in our
results is novel, as it is the first analysis to incorporate this family in a larger tree. The grouping
of African and Eurasian freshwater crabs with thoracotremes is otherwise fairly well supported
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in previous studies (e.g., Tang et al. 2017; Ma et al. 2019; Tan et al. 2019; Jennings et al. 2021;
Zhang et al. 2022). We contradict previous analyses, where the Neotropical Pseudothelphusoidea
were closely related to the freshwater group (Tsang et al. 2014) and share a number of
morphological synapomorphies (Cumberlidge et al. 2021). The Neotropical Trichodactylidae
were more closely related to other heterotremes. Our results weakly support convergent origins
of Pseudothelphusoidea (Figure 2), leading to subsequent inference of separate transitions to
freshwater. Divergence time estimates under all models push the origin of all primary freshwater
groups older than 66 Ma, with the African and Eurasian group over 100 Ma, consistent with a
deeper cryptic history (Wolfe et al. 2019), particularly in non-marine environments (Tsang et al.
2014; Luque et al. 2021). Nevertheless, our mean divergence time estimates post-date the
complete breakup of Pangaea (approximately 175 Ma), and do not support the Gondwanan origin
of freshwater crabs (Klaus et al. 2011; Tsang et al. 2014) with these data.

Many of the relationships among families and superfamilies of the remaining
heterotremes are not critical for the question of terrestriality. However, most of the deep
relationships that we do observe, even with poor nodal support from ML, are congruent with the
broad results retrieved from target capture of over 400 loci (Wolfe et al. 2019), except for the
position of Menippidae (stone crabs). Our topologies for the relationships within superfamilies
are largely congruent with previous Sanger data (Tsang et al. 2014), with some families
exchanging places (e.g., Evans 2018; Mendoza et al. 2022) and some other groups with previous
conflict still unresolved (Hultgren and Stachowicz 2008; Lai et al. 2014; Windsor and Felder
2014). The position of Dorippoidea nested well within heterotremes is consistent with previous
molecular analysis (Tsang et al. 2014), but may confound hypotheses of early fossils that assume
dorippoids are the earliest eubrachyuran branch (e.g., Guinot et al. 2019). One potentially novel
result is the polyphyly of Bythograeoidea (hydrothermal vent crabs), that had not previously
been included in a global analysis with as many genera (absent from Tsang et al. [2014]; no
outgroups in concatenated analyses of Mateos et al. [2012]). Several non-monophyletic families
were broken up by the insertion of closely related families, perhaps representing morphological
groups that could be redefined as subfamilies (e.g., Lyreididae, Iphiculidae, potentially the
cylodorippid genus Tymolus). In summary, we observe many similarities with previous analyses,
and some new hypotheses that await improved molecular sampling before suggesting new
systematic changes.

Which divergence time estimates are reliable?

The factors that we investigated for different methodological choices were the calibration
strategy and the clock model. Although divergence time estimates have only been visualized
previously for only one dataset of echinoids with chronospace (Mongiardino Koch et al. 2022),
we see significant differences in our data. Our results were impacted by the tested methods even
more substantially than in the echinoid data, for which the results were sensitive to clock model
choice, but not to substitution model or subsets of loci (Mongiardino Koch et al. 2022). In our
data, a strong separation of variance of both clock model and calibration strategy were observed
(Figure 3A, B), with a similar pattern of posterior ages from both factors (Figure 3C). However,
the random local clock model, which accounts for the evolution of evolutionary rates in a clade-
specific manner (Drummond and Suchard 2010; Ho and Duchéne 2014), failed to converge after
months of runtime, so we cannot be certain of the ultimate effect on divergence time estimates.
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We were initially interested in using FBD and BDSS because these tree models describe
the processes of speciation, extinction, and fossil sampling that led to the true tree, and could be
more accurate (Wright et al. 2022). A precursor method that incorporates fossil counts, but not
directly into the tree model, has been previously used for lobsters (Bracken-Grissom et al. 2014).
Although the gold standard for improved age accuracy is to couple process-based tree models
with total evidence tip dating (i.e., morphological character data from all incorporated fossils), it
was not possible to include over 300 extant taxa, plus numerous fossils. Brachyura have a
somewhat good fossil record: they preserve abundant biomineralized hard parts, but the majority
are dorsal carapaces and cheliped fragments. It is challenging to identify phylogenetically
diagnostic characters in fragmented fossils due to substantial convergence in carapace and
cheliped morphology (Guinot 2019; Luque et al. 2019b, 2021; Wolfe et al. 2021), and extensive
missing data that could compromise their placement within crown groups. Nevertheless, our
evaluation of the brachyuran fossil record in the context of vetted crown and stem groups
identified many calibration fossils that were much older than previously appreciated. Most crown
group families have exemplars preserved in the Eocene and Paleogene (66—-34 Ma), as well as an
increasing number of well-preserved Cretaceous fossils (Oss6 2016; Luque et al. 2017, 2021).

Although records are abundant in the PBDB, brachyuran fossil sampling is not as evenly
distributed as in many clades used as test cases for the performance of FBD and skyline models
(e.g., Gavryushkina et al. 2014; Heath et al. 2014; Renner et al. 2016; Barido-Sottani et al. 2019;
O’Reilly and Donoghue 2020). Subsampling a fossil record using the unresolved FBD can be
accurate with an evenly sampled clade such as cetaceans (Barido-Sottani et al. 2019), but can be
highly inaccurate if the fossils have limited phylogenetic information (O’Reilly and Donoghue
2020). A recent analysis of mammals (Luo et al. 2021), however, found that fossil sampling
density does not have linear effects on divergence time estimates. Altogether, it is difficult to
generalize about the best models, unless prior knowledge is contradicted.

A major issue was estimating the root age of Meiura. Brachyura have a known ghost
lineage, with stem group members Eocarcinus and Eoprosopon from the early Jurassic
(approximately 190 Ma; Haug and Haug 2014; Hegna et al. 2020; Scholtz 2020; Wolfe et al.
2021). The oldest crown group brachyuran fossil occurrences in PBDB were also from the early
Jurassic, representing less than 1% of total occurrences. Meanwhile, multiple modern anomuran
families were already present in the late Jurassic (164-145 Ma; e.g., Fraaije et al. 2019, 2022;
Robins and Klompmaker 2019), when their divergence likely took place (Bracken-Grissom et al.
2013; Wolfe et al. 2019), strongly suggesting the divergence of the common ancestor of Meiura,
and probably Brachyura, happened in the very earliest, or more likely prior to, the Jurassic. Yet,
the FBD and BDSS analyses, despite incorporating a small number of Jurassic occurrences,
inferred impossibly young ages, as observed by O’Reilly and Donoghue (2020). Even the BDSS
analysis including a time slice with no fossil sampling before the oldest occurrence (allowing a
ghost lineage: Culshaw et al. 2019; O’Reilly and Donoghue 2020) seemed to be a poor fit, and
could not avoid estimating an unreasonably young root age. As such, given the data currently
available for brachyurans, we recommend the use of vetted calibrations and a simple model over
process-based tree models subsampling the entire record. We recommend caution if using FBD
models (and their extensions) to estimate divergences when a morphological matrix is
unavailable.
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How many times and when did crabs terrestrialize?

The number of estimated shifts to terrestriality changes when considering additional
crabs with known tip states in our data. We inferred five or six shifts to non-marine lifestyles at
nodes, fewer than Tsang et al. (2022) within Thoracotremata alone. All shifts occur at well-
supported nodes (Figures 2, 4), although the common ancestor of (Thoracotremata,
Hymenosomatidae, Potamoidea, Gecarcinucidae) has only moderate support, perhaps
contributing to the uncertainty at this node with stochastic mapping (Figure S20). However, at
least nine additional families have some proportion of their prior probability in grades 1-2 (some
all the way up to 100%, but most with lower probabilities), nested among marine sisters (Figure
4). Adding these brings the number of transitions to 14, distributed from Cretaceous to the last 10
million years. Although it is not included in the molecular phylogeny, there was likely another
convergent transition to non-marine lifestyle in the Cretaceous fossil Cretapsara (Luque et al.
2021), resulting in a total of at least 15 terrestrialization events across at least 30 families.

The three to four losses of terrestriality that we estimate include some nodes with poor
support (the Cretaceous Xenograpsidae and Cryptochiridae, and the Eocene Plagusiidae).
Character sequence reversals are not often favored by threshold models (Revell 2014), so it is
intriguing that we find these nodes. Across the tree of eukaryotic life, reversals to marine from
non-marine lifestyles are more common than expected (Jamy et al. 2022), and more have been
found in Thoracotremata (Tsang et al. 2022), so we could indeed be underestimating the
phenomenon of returning to a marine environment.

Across plants and animals, more terrestrial species come from freshwater ancestors
(Romaéan-Palacios et al. 2022), a pathway we only observe potentially once, in Hymenosomatidae.
We estimate two instances of freshwater crabs evolving from terrestrial ancestors, in
Glyptograpsidae and Varunidae. Owing to the ordering of grades through the transition
pathways, and the implementation of ancThresh, it is very challenging to infer these changes.
The estimated liabilities are too high to infer freshwater Sesarmidae from a terrestrial ancestor,
although this is further complicated by a higher base grade (i.e., starting at grade 2—-3) within the
two transition pathways, and possibly by the number of species that have convergently evolved
arboreal lifestyles in mangroves (Fratini et al. 2005; Naruse and Ng 2020) and in freshwater
derived habitats (Diesel 1989). These four clades are, however, the only brachyuran groups
where the data suggest transitions between the main pathways, so the overall number of
convergent events is not affected.

Implications for early phases of arthropod terrestrialization

An outstanding question is the lifestyle of the common ancestor of the clade containing
the majority of non-marine crabs: Thoracotremata, Hymenosomatoidea, Potamoidea,
Gecarcinucoidea. Stochastic character mapping suggests the state of this node is uncertain
(Figure S20), although the common ancestor may have been estuarine and likely lived in the
Jurassic. It is also quite possible that the common ancestor was marine (Figure 4), and direct and
indirect pathways were established independently in the thoracotreme and freshwater clades. If
the ancestor was estuarine, the Early Cretaceous common ancestor of Thoracotremata
transitioned from the indirect pathway to a likely intertidal grade on the direct pathway. Crabs in
low grades of both transition pathways have different osmoregulatory adaptations (Watson-Zink
2021), so perhaps this common ancestor ecologically resembled some modern
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Hymenosomatidae (Table S3), or resembled a hypothesis based on the only non-marine
Cretaceous body fossil (Luque et al. 2021). The common ancestor could have had some degree
of osmoregulatory ability, perhaps experiencing early development in marine or estuarine
environments (Watson-Zink 2021).

The hypothetical common ancestor of many terrestrialized crabs, developed above, offers
some lessons for understanding the Paleozoic terrestrialization of other arthropod groups.
Despite a discrepancy of 100-150 Ma between divergence time estimates and body fossils, there
are examples of Cambrian and Ordovician trace fossils that reveal limited excursions into non-
marine environments, and perhaps more extensive life in marginal marine settings (e.g., Collette
et al. 2010; Mangano et al. 2021; Buatois et al. 2022). Therefore, the fluidity of crab transitions
into lower grades of terrestriality could hint at the types of adaptations other arthropods
experienced in these early periods: osmoregulation and abbreviated and/or migratory larval
development (Watson-Zink 2021). Other ecologies may resemble fiddler crabs that have adapted
to coastal hypersaline environments, building their burrows well inland (Thurman 1984).

Additional instances of small numbers of taxa entering grades 1-2 through either
pathway (e.g., Carcinidae, Panopeidae, freshwater VVarunidae in Figure 4) could provide some
insights on the early stages of terrestrial adaptation. In particular, the above examples harbor
some of the most invasive crab taxa: Carcinus maenas (European green crab), Hemigrapsus
sanguineus (Asian shore crab), and Rhithropanopeus harrisii. These species are notable for
tolerating exceptionally wide-ranging salinities as larvae, and have wide and migratory habitat
preferences as adults (e.g., Young and Elliott 2020). The invasive Eriocheir sinensis (Chinese
mitten crab) can tolerate estuarine to full freshwater (Zhang et al. 2019). Another example is the
hymenosomatid Halicarcinus planatus, with a wide salinity tolerance that could help this species
adapt to, and invade, warming Antarctic waters (Lopez-Farran et al. 2021). Many other
hymenosomatid genera have members in both freshwater and low salinity estuarine/mangrove
habitats, and many have plastic osmoregulatory capabilities (Chuang and Ng 1994). Perhaps the
ancestors of diverse non-marine groups originated with lifestyles similar to successful invaders.

Groups sharing convergent morphological adaptations to higher grades of terrestriality,
such as branchiostegal lungs in Gecarcinucidae, Gecarcinidae, Ocypodidae, and
Pseudothelphusidae, or water-wicking setae in Gecarcinidae and Sesarmidae (Watson-Zink 2021
and Table S3), are deeply separated by over 150 Ma of evolution. Convergent terrestrial
morphology in crabs, with likely pathways through a habitat gradient, perhaps with some traits of
invasive taxa, could illuminate the hypothesis that arachnids convergently transitioned to
terrestriality (Ballesteros et al. 2022). However, it is possible that horseshoe crabs (chelicerates,
not decapods) returned to marine habitats even if they are phylogenetically nested within
arachnids, as our crab analyses have inferred at least two Cretaceous reversals that involved
likely intertidal (grade 2) ancestors.

Conclusions
Herein, we inferred a large molecular phylogeny of true crabs, estimated divergence

times that were older than previously thought, and estimated the number of transitions from
marine to non-marine lifestyles. We found up to 15 convergent transitions through direct and
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indirect pathways, with at least three climbing to higher degrees of terrestrial adaptation. The
most highly terrestrial clades were some of the oldest non-marine inferences in our data, with
their common ancestors having diverged over 66 Ma. At least nine more recent events
throughout the Cenozoic led to crabs living in intertidal and marginal marine environments, a
shift that is estimated to be much easier based on lower threshold liability and likely fewer traits
required. As instances of convergent evolution provide emerging models in the form of “natural
experiments”, the framework we have developed to compare the gradient of adaptations will
enable future research that aims to “predict” the constraints leading to repeated trait evolution
and better understand the drivers of biodiversity across related groups.
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Figure 1. Representative brachyurans displaying different lifestyles and grades of terrestriality.
(A-E) Fully marine lifestyle, grade 0; (F-J) direct marine transition pathway, grades 1-5 bottom
to top; (K-O) indirect freshwater transition pathway, grades 1-5 bottom to top. (A) Portunidae:
Portunus sayi (Bermuda); (B) Calappidae: Calappa calappa (Kwajalein Atoll, Marshall Islands);
(C) Epialtidae: Cyclocoeloma tuberculatum (Anilao, Philippines); (D) Raninidae: Ranina ranina
(Oahu, Hawaii, USA); (E) Homolidae: Paromola cuvieri (Gorringe Ridge, Portugal); (F)
Gecarcinidae: Gecarcoidea natalis (Christmas Island, Australia); (G) Gecarcinidae: Cardisoma
guanhumi (Fort Lauderdale, Florida, USA); (H) Ocypodidae: Uca heteropleura (Pacific coast,
Panama); (1) Grapsidae: Leptograpsus variegatus (Tasmania, Australia); (J) Eriphiidae: Eriphia
sebana (Heron Island, Queensland, Australia); (K) Sesarmidae: Geosesarma dennerle (aquarium
specimen); (L) Deckeniidae: Madagapotamon humberti (Montagne de Francais Reserve,
Madagascar); (M) Gecarcinucidae: Ghatiana botti (Sindhudurg, India); (N) Pseudothelphusidae
indet. (Santander, Colombia); (O) Hymenosomatidae: Hymenosoma orbiculare (Langebaan
Lagoon, South Africa). Photo credits: (A) Jessica Riederer; (B, C) Jeanette and Scott Johnson;
(D) John Hoover; (E) © OCEANA; (F) John Tann, license CC-BY; (G) Tom Friedel, license
CC-BY 3.0; (H) Kecia Kerr and Javier Luque; (1) Joanna Wolfe; (J,N) Javier Luque; (K) Henry
Wong; (L) Sara Ruane; (M) Tejas Thackeray; (O) Charles Griffiths.

Figure 2. Summary of phylogeny and divergence time estimates for Brachyura. Posterior ages
were estimated in BEAST?2 using a fixed topology resulting from the concatenated ML analysis
in IQ-TREE, 36 vetted node calibrations, a birth-death tree prior, and relaxed lognormal clock
model. Shaded circles at nodes represent ultrafast bootstraps. Pie slices are colored by
superfamily, with the outermost ring colored by taxonomic section. Line drawings, one
representative per superfamily (numbers corresponding to taxa in Table S5), by Javier Luque and
Harrison Mancke.

Figure 3. Sensitivity of divergence time estimates to inference strategy plotted with
chronospace, with outgroup taxa removed from these analyses. (A) Between--group principal
component analysis (bgPCA) separating chronograms by calibration strategy and (B) by clock
model (note: analyses with the random local clock model did not converge, so individual chains
are sampled here with 50% burnin). (C) Change in branch lengths along the major bgPCA axis,
discriminating based on calibration strategy. Negative extreme above, positive extreme below.

Figure 4. Composite of ancestral state reconstructions for the two transition pathways under
best-fitting OU models in ancThresh, with fully marine clades (all families that are not labeled)
reduced for clarity and outgroups removed. Legend for grades and colors representing each
pathway at bottom left: fully marine crabs (grade 0), lower intertidal and estuaries (grade 1),
upper intertidal and freshwater (grade 2), beaches and riverbanks (grade 3), and coastal forests
and jungles (grades 4-5). Pies at nodes represent the estimated ancestral state with the outer ring
indicating the pathway (at some nodes, both pathways are shown; when node is inferred marine,
none are shown). Tip codings are based on estimates by family (Table S4), with the collapsed
clades showing the color that represents the largest slice of their prior probabilities (split in the
case of equal probabilities for two grades). For clades that have a small number of taxa in a grade
from the opposite pathway, a small triangle is added. Line drawings at right (numbers
corresponding to taxa in Table S5), by Javier Luque and Harrison Mancke.
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Supplemental Information:

Text S1. Fossil node calibrations with references. The topology defining the nodes is the
concatenated ML tree.
Text S2. References associated with natural history codings in Table S3.

Figure S1. Gene tree for 12S. Nodes are unlabeled as gene trees were calculated as part of the
concordance factor analysis (labels visualized in Figure S11). Branches colored by superfamily,
as for Figure 2.

Figure S2. Gene tree for 16S. Branches colored by superfamily, as for Figure 2.

Figure S3. Gene tree for 18S. Branches colored by superfamily, as for Figure 2.

Figure S4. Gene tree for 28S. Branches colored by superfamily, as for Figure 2.

Figure S5. Gene tree for AK. Branches colored by superfamily, as for Figure 2.

Figure S6. Gene tree for enolase. Branches colored by superfamily, as for Figure 2.

Figure S7. Gene tree for GADPH. Branches colored by superfamily, as for Figure 2.

Figure S8. Gene tree for H3. Branches colored by superfamily, as for Figure 2.

Figure S9. Gene tree for NaK. Branches colored by superfamily, as for Figure 2.

Figure S10. Gene tree for PEPCK. Branches colored by superfamily, as for Figure 2.

Figure S11. Full phylogenetic hypothesis for Brachyura based on the topology from the ML
concatenated analysis. Values at nodes represent ultrafast bootstraps / gene concordance factors
(gCF) by partition / updated site concordance factors (sCF). Branches colored by superfamily, as
for Figure 2.

Figure S12. Full phylogenetic hypothesis for Brachyura based on the topology from the
Bayesian concatenated analysis. Values at nodes represent posterior probabilities. Branches
colored by superfamily, as for Figure 2.

Figure S13. Plots of concordance factors versus UF bootstrap values for the ML concatenated
tree. (A) Gene concordance factors by partition. (B) Updated site concordance factors.

Figure S14. Results of phylogenetic informativeness profiling for 10 Sanger genes.

Figure S15. Sensitivity of divergence time estimates to inference strategy plotted with
chronospace, with outgroup taxa removed from these analyses. This plot shows between--group
principal component analysis (bgPCA) separating chronograms by calibration strategy, for only
relaxed lognormal clock models (all fully converged).

Figure S16. Full divergence time estimates for Brachyura as depicted in Figure 2. Posterior ages
were estimated in BEAST2 using 36 vetted node calibrations (represented by numbered circles
following the order in Text S1) and the topology fixed from Figure S11, a birth-death tree prior,
and relaxed lognormal clock model. Horizontal shaded bars represent 95% HPD intervals.
Branches colored by superfamily, as for Figure 2.

Figure S17. Full divergence time estimates for Brachyura using the FBD. Posterior ages were
estimated in BEAST2 using 328 calibrations from PBDB added as rogues to the topology fixed
from Figure S11, an FBD tree prior, and relaxed lognormal clock model. Horizontal shaded bars
represent 95% HPD intervals. Branches colored by superfamily, as for Figure 2.

Figure S18. Full divergence time estimates for Brachyura using BDSS. Posterior ages were
estimated in BEAST2 using 328 calibrations from PBDB added as rogues to the topology fixed
from Figure S11, a BDSS tree prior, and relaxed lognormal clock model. Horizontal shaded bars
represent 95% HPD intervals. Branches colored by superfamily, as for Figure 2.
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Figure S19. Comparison of posterior probability distributions for divergence time analyses
under different calibration strategies in BEASTZ2, and the same analyses under the marginal prior
(removing sequence data). The posterior analyses are shaded; marginal priors are superimposed
on the same axes with a heavy line of the same color. (A) Root; (B) 20 most sensitive nodes,
calculated based on Figure 3A.

Figure S20. Summary of 500 stochastic character maps coding tips in a simplified form as: fully
marine, terrestrial (through direct marine pathway), and freshwater, under the best-fitting all
rates different (ARD) model. These codings are based on the transition pathways scored from the
literature supported data in Table S3.

Figure S21. Ancestral state reconstruction for the sequence from fully marine to terrestrial
through direct marine pathway, under the best-fitting OU model in ancThresh. The tip codings
are based on estimates by family as coded in Table S4, with their prior probabilities visualized as
small pies at tips.

Figure S22. Posterior density of liabilities estimated in ancThresh, indicating the thresholds of
change required to shift character states. As in Sallan et al. (2018), the threshold for exiting
marine (grade 0) is held at 0, and values for exiting grade 5 are infinity as there are no
subsequent states to transition into. (A) Sequence from fully marine to terrestrial through direct
marine pathway, under OU model, and (B) with grade 0 removed for clarity. (C) Sequence from
fully marine to terrestrial through indirect freshwater pathway, under OU model, and (D) with
grades 0-1 removed for clarity.

Figure S23. Ancestral state reconstruction for the sequence from fully marine to terrestrial
through indirect freshwater pathway, under the best-fitting OU model in ancThresh. The tip
codings are based on estimates by family as coded in Table S4, with their prior probabilities
visualized as small pies at tips.

Figure S24. Ancestral state reconstructions for transitions between pathways for subclade
Hymenosomatidae, under the OU model in ancThresh. (A) From ancestrally freshwater to direct
pathway. In this case, state O reflects fully marine plus terrestrial prior probabilities. (B) From
terrestrial through the direct pathway, to freshwater. Posterior density of liabilities from (C)
ancestrally freshwater to direct pathway and (D) terrestrial through the direct pathway, to
freshwater.

Figure S25. Ancestral state reconstructions for transitions between pathways for subclade
Sesarmidae, under the OU model in ancThresh. (A) From ancestrally terrestrial to indirect
freshwater pathway. In this case, state O reflects fully marine plus terrestrial prior probabilities.
(B) From freshwater through the indirect pathway, to terrestrial. Posterior density of liabilities
from (C) ancestrally terrestrial to indirect freshwater pathway and (D) freshwater through the
indirect pathway, to terrestrial.

Table S1. Sample information for new and previous sequence data.

Table S2. Fossil node calibrations with details following Wolfe et al. (2016, 2019). The topology
defining the nodes is the concatenated ML tree.

Table S3. Discrete coded terrestriality grades for all sequenced taxa, with evidence for each trait
supported by literature. Transition pathway 0 represents fully marine lifestyle, 1 represents
transition to terrestriality through marine pathway, 2 represents transition through freshwater
pathway. Grades as in Watson-Zink (2021).
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Table S4. Prior probabilities of terrestriality grades estimated for each family, accounting for
states from taxa that are not sequenced, based on WoRMS. Transition pathway 0 represents fully
marine lifestyle, 1 represents transition to terrestriality through marine pathway, 2 represents
transition through freshwater pathway. Grades as in Watson-Zink (2021).

Table S5. Taxonomic key for line drawings in Figures 2 and 4.

Table S6. Model parameters estimated by ancThresh. Means reported for best-fitting model only
(or OU model only for subclades), after excluding 20% burnin. As in Sallan et al. (2018), the
threshold for exiting marine (grade 0) is held at 0, and values for exiting grade 5 are infinity as
there are no subsequent states to transition into.
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Text S1. Fossil Calibrations

Placement Superfamily Family Genus & species Oldest fossil occurrence reported in:
Crown Galatheoidea Porcellanidae Vibrissalana jurassica Robins and Robhins and Klompmaker (2019)
Klompmaker, 2019
Crown Dromioidea Dromiidae Dromiopsis gigas Forir, 1887 Forir (1887)
Crown Dromioidea Dynomenidae Graptocarcinus muiri Stenzel, 1944 Stenzel (1944)
Stem Homoloidea Homolidae Doerflesia omata Feldmann and Feldmann and Schweitzer (2009)
Schweitzer, 2009
Stem Palaeocorystoidea Palaeocorystidae Joeranina kerri Luque et al. 2012 Luque et al. (2012)
Crown Raninoidea Lyreididae Marylyreidus punctatus (Rathbun, Rathbun (1935)
1935) (as Notopocorystes)
Crown Cyclodorippoidea Cymonomidae Cymonomus primitivus Muller and Miiller and Collins (1991)
Collins, 1991
Crown Potamoidea Potamidae Alontecarcinus buratoi De Angeli and | De Angeli and Caporiondo (2019)
Caporiondo, 2019
Crown Ocypodoidea Ocypodidae Uca maracoani (Latreille, 1802) Brito (1972) (as Uca antiqua
maracoani)
Crown Pinnotheroidea Pinnotheridae Pinnixa sp. Luque et al. (2017)
Crown Grapsoidea Percnidae Percnon santurbanensis Ceccon and Ceccon and De Angeli (2019)
De Angeli, 2019
Crown Grapsoidea Grapsidae Metopograpsus badenis Miller, 2006 Muller (2006)
Crown Grapsoidea Varunidae Brachynotus corallinus Beschin, Beschin et al. (2007)
Busulini, De Angeli & Tessier, 2007
Crown Grapsoidea Gecarcinidae Cardisoma guanhumi Latreille, in Collins and Donovan (1998)
Latreille, Le Peletier, Serville &
Guérin, 1828
Crown Grapsoidea Sesarmidae indet. Serrano-Sanchez et al. (2016)
Crown Pseudothelphusioidea | Pseudothelphusidae | indet. Luque et al. (2019)
Crown Trichodactyloidea Trichodactylidae indet. Klaus et al. (2017)
Crown Majoidea Mithracidae Micippa antiqua Beschin, De Angeli, Beschin et al. (2001)
and Checchi, 2001
Stem Portunoidea Eogeryonidae Eogeryon elegius Oss6, 2016 0Oss6 (2016)
Crown Portunoidea Geryonidae Chaceon helmstedtense (Bachmayer Bachmayer and Mundlos (1968)
and Mundlos, 1968) (as Coeloma ?)
Crown Portunoidea Portunidae: Lessinithalamita gioiae De Angeli and | De Angeli and Ceccon (2015)
Thalamitinae Ceccon, 2015
Crown Portunoidea Polybiidae Liocarcinus heintzi Schweitzer and Schweitzer and Feldmann (2010)
Feldmann, 2010
Crown Parthenopoidea Parthenopidae Aragolambrus collinsi Ferratges, Ferratges et al. (2019)
Zamora, and Aurell, 2019
Crown Calappoidea Calappidae Calappa zinsmeisteri Feldmann and Feldmann and Wilson (1988)
Wilson, 1988
Crown Cancroidea Cancridae Anatolikos undecimspinosus Schweitzer et al. (2006)
Schweitzer et al. 2006
Crown Dorippoidea Dorippidae Bartethusa hepatica Quayle and Quayle and Collins (1981)
Collins, 1981
Crown Leucosioidea Leucosiidae Typilobus alponensis Beschin, De Beschin et al. (2009)
Angeli, and Zorzin, 2009
Crown Goneplacoidea Euryplacidae Chirinocarcinus wichmanni Feldmann et al. (1995)
(Feldmann et al., 1995) (as
Glyphithyreus)
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Crown Eriphioidea Eriphiidae Eriphia verrucosa (Forskal, 1775) (as | Betancort et al. (2014)
Cancer)

Crown Trapezioidea Trapeziidae Archaeotetra lessinea De Angeli and De Angeli and Ceccon (2013)
Ceccon, 2013

Crown Eriphioidea Oziidae Ozius collinsi Karasawa, 1992 Karasawa (1992)

Crown Pilumnoidea Pilumnidae Glabropilumnus trispinosus Beschin, Beschin et al. (2016)
Busulini, and Tessier in Beschin et al.,
2016

Crown Goneplacoidea Goneplacidae Carcinoplax temikoensis Feldmann Feldmann and Maxwell (1990)
and Maxwell, 1990

Crown Xanthoidea Pseudorhombilidae | Pseudorhombila patagonica Glaessner (1933)
Glaessner, 1933

Crown Xanthoidea Panopeidae Panopeus incises Beschin, Busulini, Beschin et al. (2007)
De Angeli, and Tessier, 2007

Crown Xanthoidea Xanthidae Phlyctenodes edwardsi Beschin, Beschin et al. (2016)
Busulini, and Tessier in Beschin et al.,
2016
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Chasmocarcinidae_Megaesthesius_yokoyai
Inachoididae_Collodes_granosus
Inachoididae_Aepinus_septemspinosus
Inachoididae_Inachoides_laevis
Mictyridae_Mictyris_brevidactylus
Hymenosomatidae Neorhynchoplax_bovis
bioRxiv preprint d@: http#://doi.org/10.1101/20 .09.519815; this v@rsion posted December 12, 2022. Thej€opyright holder for this preprin Hymenosomatidae_Hymenosoma_orbicuIare
(which was not ce ified f peer reV|ew) is the author/funder, who has preprint in perpeiiiyslisssnade Hymenosomatidae_Amarinus_para|acustris
available under aCC-BY 4.0 International license. :
Hymenosomatidae Elamena_producta
Hymenosomatidae Halicarcinus_cookii
Hymenosomatidae_Halicarcinus_innominatus

Macrophthalmidae Macrophthalmus_telescopicus
Macrophthalmidae_Macrophthalmus_erato
Macrophthalmidae_Macrophthalmus_definitus
Macrophthalmidae_Chaenostoma_boscii
Ocypodidae_Ocypode_ceratophthalmus
Ocypodidae_Ocypode_sinensis
Varunidae_Metaplax_longipes
Varunidae Gaetice depressus
Varunidae_Eriocheir_japonica
Varunidae_Hemigrapsus_crenulatus
Varunidae_Hemigrapsus_penicillatus
Heloeciidae Heloecius_cordiformis
Cryptochiridae_Dacryomaia_sp
Pinnotheridae_Arcotheres_sp
Xenograpsidae Xenograpsus_ngatama
Xenograpsidae Xenograpsus_testudinatus
Glyptograpsidae Glyptograpsus_jamaicensis
Glyptograpsidae_Platychirograpsus_spectabilis
Percnidae_Percnon_planissimum
Percnidae_Percnon_affine
Percnidae_Percnon_affine ourdata
Grapsidae_Pachygrapsus_plicatus
Ocypodidae_Gelasimus_borealis
Ocypodidae_Austruca_lactea
Ocypodidae_Paraleptuca_crassipes
Pinnotheridae_Nepinnotheres_cf_affinis
Pinnotheridae_Holothuriophilus_pacificus
Xenophthalmidae_Xenophthalmus_pinnotheroides
Pinnotheridae_Rathbunixa_pearsei
Pinnotheridae_Scleroplax_tubicola
Grapsidae_Grapsus_albolineatus
Grapsidae_Metopograpsus_quadridentatus
Grapsidae_Metopograpsus_frontalis
Grapsidae_Metopograpsus_messor
Gecarcinidae_Tuerkayana_hirtipes
Gecarcinidae_Cardisoma_crassum
Gecarcinidae_Cardisoma_guanhumi
Sesarmidae_Armases_cinereum
Sesarmidae_Parasesarma_affine
Sesarmidae_Parasesarma_eumolpe
Sesarmidae_Perisesarma_bidens
Gecarcinidae_Gecarcinus_lateralis
Gecarcinidae_Gecarcoidea_lalandii
Gecarcinidae_Gecarcoidea_natalis
Plagusiidae Plagusia_squamosa
Dotillidae_Dotilla_myctiroides
Dotillidae_Dotilla_wichmanni
Dotillidae_Scopimera_proxima
Dotillidae_Scopimera_bitympana
Dotillidae_Scopimera_intermedia
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OUT_Munididae_Munida_albiapicula _ _ _
— . OUT _Lithodidae_Neolithodes_nipponensis
OUT Hippidae Hippa_ adactyla
OUT Diogenidae_Clibanarius_virescens _ _ _
— T_Porcellanidae_Petrolisthes_japonicus
OUT Kiwaidae Kiwa_hirsuta
Inachoididae Inachoidées laevis
Inachoididae _Anasimus_latus
Inachidae_Coryrhynchus_riisei
Inachidae_Ericerodes_veleronis
Inachoididae_Arachnopsis_filipes
_Inachoididaé_ Aepinus_septemspinosus
. Inachoididae Collodes_granoSus
Bellidae Acanthocyclus_albatrossis
Bellidae_Acanthocyclus_hassleri _ _
Chasmocarcinidae _Megaesthesius_yokoyai
Chasmocarcinidae _Chasmocarcinus_mississippiensis
Chasmocarcinidae _Chasmocarcinus_chacei
Trichodactylidae_Trichodactylus_dentatus,
: Trlch_odac%l|da_e_Fred|Iocarcmus_apyrat||
Trichodactylidae_Valdivia_serrata
Raninidae_ osmonotus_gra%

i
“Raninidae_Ranina_ranina
— Raninidae _Raninoides_benedicti
Lyreididae Lyreidus_tridentatus
Lyreididae_TLysirude_griffini . _
“Cyclodorippidae Corycodus_disjunctipes
Cyclodorippidae_Corycodus_sp
Homolidae Paromola japonica
Latreillidae Eplumula_phalangium
Latreillidae Tatreillia_valida
Latreillidae_Latreillia_elegans
Homolidae Lamoha_longirostris
Homolidae Lamoha_murotoensis
Homolidae _Homoala_orientalis
Homolidae _ParomolopSis_boasi _
Homolidae_Homologenus_malayensis
Homolidae_ Homologenus_ rostratus
Cymonomidae_Cymonomus_sp
Cymonomidae _Cymonomus_diogenes
. Cymonomidae Cymonomus_quadratus
Dromiidae_Conchoecetes_artificiosus
Dromiidae_Moreiradromia_antillensis
Dromiidae_Lauridromia_dehaani
Dromiidae Lewindromia_unidentata
Dromiidae_Sphaerodromia_sp _
Dynomenidae_Metadynoméne_tanensis
Dynomenidae_Hirsutodynomene_ursula
Dynomenidae_Dynomene_praedator
nomenidaé_Dynomené_hispida
Pseudothelphusidae Epilobocera_sinuatifrons
Pseudothelphusidae_Epilobocera_gilmanii
Pseudothelphusidae Potamocarcinus_sp
Pseudothelphusidae Raddus_orestrius
Pseudothelphusidae_Ptychophallus _montanus
Pseudothelphusidae "Ptychophallus_sp _ _
Xenophthalmidae Xenophthalmus_pinnotheroides
Matutidae Ashtoret_lunaris
_ Matutidae Matuta_planipes
- Potamidae_Potamon_Tluviatile
Potamidae_Potamon_persicum _
Potamidae_Johora_tiomanensis
Potamidae_Cryptopotamon_anacoluthon
~ "Potamidae_Nanhaipotamon_hongkongense
Potamidae_Isolapotamon_griswoldi
Potamonautidae_Seychellum_alluaudi
Potamonautidae Potamonautes_subukia
Potamonautidae Platythelphtsa_armata
Potamonautidae_ Potamonautes_perlatus
Gecarcinucidae_Barytelphusa_sSp _
Gecarcinucidae_Barytelphusa_cunicularis _
Gecarcinucidae_Gubernatoriana_gubernatoris
Gecarcinucidae_Ceylonthelphusa_sp
Gecarcinucidae__Spiralothelphtusa_senex
Gecarcinucidae_Somanniathelphusa_cf_zanklon
Gecarcinucidae_Somanniathelphusa_sp
Gecarcinucidae_Synfripsa flavichela
Gecarcinucidae "Parathelphusa_pantherina
_ Gecarcinucidae_Parathelphusa_sp
_Grapsidae Metopograpsus_messor
Gr%psmae_Metopograpsus_frontaﬁs _
rapsidae_Metopograpsus_quadridentatus
Percnidae "Percnon_planissimum
Percnidae_Percnon_affine
Percnidae_Percnon_affine_ourdata
Grapsidae_Pachygrapsus_plicatus
Grapsidae_Grapsus_albolineatus
GrapS|dae_Pachy%rapsus marmoratus _ o
ryptochiridae_Hapalocarcinus_marsupialis
Cryptochiridae _Dacryomaia_sp
& Cryptochiridae_Fungicola_fagei
Gecarcinidae_Tuerkayana hirtipes
Gecarcinidae_Cardisoma_crassum
Gecarcinidae_Cardisoma_guanhumi
XenograpsSidae Xenograpsus_ngatama
Xenograpsidae Xenograpsus_testudinatus
Macrophthalmidae_Macrophthalmus_definitus
Macrophthalmidae Macrophthalmus_setosus
Macrophthalmidae Macrophthalmus_erato -
Macrophthalmidae_Chaenostoma_boscii
_ Macrophthalmidae_Macrophthalmus_teleScopicus
Varunidae Metaplax_longipes
Varunidae Gaetice depressus
Varunidae Hemigrapsus_crenulatus
Varunidae Cyclograpsus_cinereus
Varunidae "Eriocheir_japonica_
Varunidae_Hemigrapsus_penicillatus
Plagusiidae_Davusia_glabra
Plagusiidae_Euchirograpsus_americanus
» Plagusiidae_Plagusia_squamosa
Plagusiidae Miersiograpsus_kingsleyi
Gecarcinidae_Gecarcinus_lateralis
Gecarcinidae Gecarcoidea Talandii
Gecarcinidae _Gecarcoidea natalis . _
Mictyridae Mictyris_brevidactylus
) Mictyridae” Mictyris_longicarpus
Sesarmidae_Armases_cinereum
Sesarmidae "Parasesarma_affine
Sesarmidae_Parasesarma_pictum
Sesarmidae_Nanosesarma_minutum
Sesarmidae_Parasesarma_eumolpe
Sesarmidae_Perisesarma_bidens _ _
Heloeciidae Heloecius_cordiformis
Dotillidae_Dotilla_myctiroides
Dotillidae_Dotilla_wichmanni
_Dotillidae _Scopimera_bitympana
Dotillidae_Scopimera_proxima
Dotillidae_Scopimera_intermedia
Dotillidae Tmethypocoelis_ceratophora
Glyptograpsidae Glyﬁtograpsus —_jamaicensis
Glyp ograps_ldae_Plétyc lirograpsus_spectabilis
Ocypodidae_Gelasimus_borealis
Ocypodidae_Austruca_lactea
Ocypodidae_Paraleptuca_crassipes
OCé/_pod|dae_Oc pode ceratophthalmus
_Ocypodidae_Ocypode_sinensis
Pinnotheridae "Nepinnotheres_cf _affinis
= Pinnotheridae Holothuriophilus_pacificus
Pinnotheridae_Pinnaxodes_chilensis
Pinnotheridae_Arcotheres_sp
Pinnotheridae Pinnixa_cylindrica
Pinnotheridae_Rathbunixa_pearsei
Pinnotheridae_Scleroplax_tubicola
© Pinnotheridae_Scleroplax_schmitti
Retroplumidae_Retropluma_denticulata
Portunidae_Charybdis_feriata
Portunidae Thalamita prymna
Portunidae_Scylla_paramamosain
Portunidae_Portunus_pelagicus
Portunidae_Portunus_sayi _ _
Leucosiidae_Pyrhila_carinata
Leucosiidae "Ebalia_tuberculosa
Leucosiidae_Praebébalia_longidactyla _
Hyméenosomatidaé_Hymendsoma_orbiculare
Hymenosomatidae Neorhynchoplax_bovis _ _ _
Hymenosomatidae_Amarinus_paralacustris
Hymenosomatidae Elamena_producta
Hymenosomatidae_ Halicarcinus_coOKii
o Hymenosomatidae Halicarcinus_innominatus
Cyclodorippidae_TymoluS_brucei
Cyclodorippidae_Tymolus_japonicus

Orithyiidae_Orithyia_sinica _
Tetrallidae_Tetralia_glaberrima o
Parthenopidae Leiolambrus_punctatissimus
Parthenopidae Rhinolambrus “Sp
Parthenopidae Ochtholambrus_excavatus
Parthenopldae__(:rypt%pod|a_forn|caIfa _
Parthenopidae Parthenope_longimanus
Cancridae_MetacarcinuS_magister
Cancridae_Cancer_borealis
. = Cancridae_Cancer_pagurus
~ Acidopsidae_Acidops_fimbriatus
Pseudocarcinidae Pseudocarcinus_gigas
Pseudpcarun|dae_‘PseudocarC|nus_gg?as_ourdata
Pilumnoididae_Pilumnoides_nudifrons
Ovalipidae_Ovalipes_siephensoni
_Geryonidae_Raymanninus_schmitti
Ovalipidae_Ovalipes_punctatus
Ovalipidae_Ovalipes_iridescens _
_Geryonidae_Chaceon_mediterraneus
Thiidae " Thia_scutellataland2 o
- Polybiidae_Bathynectes_longispina
Polybiidae_Necora_puber
Polybiidae LiocCarcinus_depurator
Carcinidae_Carcinus_maenas
L. Carcinidae_Portumnus_latipes
. Dairidae_Daira_ameriCana
Dairidae _Daira_perlata B
Menippidae_Menippe_rumphii o
Menippidae_Myomenippe_fornasinii
Menippidae_Myomenippe_hardwickii _ _
Dor|ppldae_Dorl[?pe_q_uadrlder]s o _
- | orlpgldae H_elkeopS|SJ|apon|ca
Dorippidae_Paradorippe_granulata
. Dorippidae_Paradorippe_australiensis
Leucosiidae_Tokoyo_eburnea _
Leucosiidae Urashima_pustuloides
Leucosiidae_Arcania_cornuta
Leucosiidae_Randallia_bulligera
: Iphiculidae_Iphiculus_convexus
Ethusidae Ethusa_sexdentata
Ethusidae Parethusa_sp
Calappidae_Calappa_philargius
Calappidae_Calappa_calappa _
Calappidae_Acanthocarpus_alexandri
= Calappidae_Cycloes_granulata
_ Corystidae _Corystes_ cassivelaunus
Cheiragonidae_Telméssus_cheiragonusland?2
Corystidae_Gomeza_bicornis
T == Corystidae_Jonas_distinctus
Dairoididae Dairoides_kusei N
Aethridae_Hepatus_epheliticusland2
Majidae_Maja_brachydactyla
_ ' Majidae _Maja_brachydactyla ourdata
AcidopsidaeAcidops_sp _
Pseudoziidae Euryézius_camachoi
Carpiliidae_Carpilius_corallinus
Carpiliidae_Carpilius_convexus
Carpilidae_Carpilius_maculatus _
== Majidaé Maiopsis_panamensis
Mithracidae Mithrax_hispidus
Mithracidae_Ala_cornuta o
MithraCidae Microphrys branchialis
Mithracidae Pitho aculeata
Mithracidae_Teleophrys_ornatus
Mithracidae Thoe_érosa
. Mithracidae Mithraculus_coryphe
_ Mithracidae Mithraculus_forceps
Calappidae _Mursia_sp2
Calappidae_Mursia_Sp
Elaltldae Hyastenus_sp
Epialtidae

laltidae_Tiarinia_sp
tidae_Rochinia_hystrix
_Elo_|alt|dae_TaI|_epus_dentatu_s
Epialtidae_Pugettia_nipponensis
Epialtidae”Pugettia_sp
Epialtidae _Macrécoeloma_camptocerum
Epialtidae_Stenocionops_ovatus
Epialtidae_Lubinia dubia
Epialtidae_Chorinus_heros
Epialtidae”_Leptopisa_setirostris
~ Epialtidae_Notolopas_mexicanus
Epialtidae_Pisoides_edwardsii
Epialtidae_DocClea_canalifera
_ _ Epialtidae_Doclea_japonica
Pilumnidae Heteropanope glabra
TanaocChelidae Tanaocheles bidentata
: Pilumnidae_Pilumnus_vespertilio
Pilumnidae_Pilumnus_longicornis
Pilumnidae_Tiaramedon_spinosum
Galenidae “Galene_bispinosa
Pilumnidae "Pilumnus_dasypodus = _
Pilumnida€_Lobopilumnus_agassizii
= Pilumnidae_Danielum_ixbauchac
Eriphiidae_Eriphia_smithii _ _ _
Polybiidae Parathranites_orientalis
Goneplacidae_Carcinoplax_longimana
Goneplacidae Pycnoplax_suruguensis
Goneplacidaé_Carcinoplax_purpurea
Goneglamdae_Goneﬁlax_sp
Conleyidae_Conleyus sp _
Bythograeidae_Austinograea hourdezi
Bythograeidae Gandalfus_puia —
Scalopidiidae Scalopidia_spinosipes
Trape2||d€1e_TraneZ|a__rufopunqt_ata_ _ _ _
- rapeziidae_Philippicarcinus_oviformis
bioRxiv preprint doi: https://qbillirg/10.1101/2022.12.09.5898 15 sv%}!%rﬂ%& gem @Qeﬁiﬁﬂgltgg&@holderfo_rthispreprint
(which was not certified by piqilreview) is the author/fundef wiipias dri@IPBREILicendEDIY 1B RPEtEch perpetuity. It is made
available undeT Jalinede0 N pRE2fEFARE._Trapézia_tigrina
Mathildellidae Mathildella_rubra _
Oziidae Epixanthus_frontalis
Oziidae_Epixanthus”sp

Oziidae_Lydia_annulipes
Oziidae "Ozius_rugulosus
_Oziidae_Epixanthus_tenuidactylos
Oziidae_Ozius _reticulatus o
B%thograadae Bythograea_laubieri
Bythograeidae Byt olgraea microps
HF\gpothaIass_udae ypothalassia_armata
rogeryonidae_Rhadinoplax_micropthalmus
regoniidae_Chionoecetes_tanneri
Oregoniidae_Hyas_lyratus
Oregoniidae_Oregonia_gracilis
* Oregoniidae_Hyas_araneus
Platyxanthidae_Otmaroxanthus_balboai
Platyxanthidae_Homalaspis_plana o
Platyxanthidae Platyxanthus_orbignyi
Platyxanthidae Danielethus ~patagonicus
Majidae Schizophrys aspera
Eurﬁp acidae_Frevillea_barbata
urgplacﬂae Eucrate crenata
uryplacidae Eucrate alcocki
_ . Euryplacidae_Eucrate_sp
Trichopeltariidae_Trichopeltarion_nobile
Erlphudae_Er;:E)hla scabricula _
o Pseudoziidae Pseudozius_caystrus
Eriphiidae_Eriphia_verrucgsa _
Vultocinidae Vultocinus_anfractus
Dacryopilumnidae Dacryopilumnus_rathbunae
Panopeidae” Panopeus_herbstil
Panopeidae Glyptoplax_smithii
Panopeidae Rhithropanopeus_hatrrisii
Panopeidae_Dyspanopeus_sayi
Panopeidae_ Neopanope_packardii
Panopeidae "Eurytium_limosum _
Panopeidae_Heéxapanopeus_angustifrons
Panopeidae_Malacoplax_californiensis
Xanthidae Paractaea rufopunctata
Xanthidaé_ Cyclodius_nitidus
Xanthidae Pilodius_areolatus
Xanthidae_Platyactaea_dovii
Xanthidae XanthiaS_canaliculatus
Xanthidae Cataleptodius_floridanus
Xanthidae Xanthodius_cooksoni
| Xanthidae_Xanthodius_sternberghiiland2
Xanthidae_Atergafis_floridus
Xanthldae_Aterggtls_lnte errimus _
Pseudorhombilidae Trapezioplax_tridentata
Pseudorhombilidae _Pseudorhombila_quadridentata
Pseudorhombilidae_Nanoplax_xanthiformis
Pseudorhombilidae_Thalassoplax_angusta _
Pseudorhombilidae Lophoxanthus_lamellipes
Pseudorhombilidae Micropanope_sculpiipes
= Pseudorhombilidae_Panoplax_depressa
Xanthidae_Paraxanthus_barbiger
Xanthidae Lybia_teSsellata
Xanthidae Allactaea Tithostrota

Xanthidae_Carpoporus_papulosus
Xanthidae Edwardsium_lobipes
Xanthidae Xantho_pilipes. _
Xanthidae_Williamsiimpsonia_denticulatus
Panopeidae_Acantholobulus_bermudensis
Xanthidae Novactaea bella
Xanthidae_ Actaeodes cf tomentosus
Xanthidae "Demania_scaberrima
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OUT _Hippidae Hippa_ adactyla
OUT_Lithodidae_Neolithodes_nipponensis
Dynomenidae_Metadynomene_tanensis
Dynomenidae_Dynomene_hispida
Dynomenidae_Hirsutodynomene_ursula
Dromiidae_Sphaerodromia_sp
Dromiidae_Lewindromia_unidentata
Dromiidae_Moreiradromia_antillensis
Dromiidae_Conchoecetes_artificiosus
Dromiidae_Lauridromia_dehaani
Latreillidae_Latreillia_elegans
Latreillidae_Eplumula_phalangium
Homolidae_Paromola_japonica
Homolidae_Homologenus_malayensis
Homolidae_Homologenus_rostratus
Homolidae_Lamoha_longirostris
Lyreididae_Lyreidus_tridentatus
Lyreididae_Lysirude_griffini
Raninidae_Ranilia_muricata
Raninidae_Ranina_ranina
Raninidae_Raninoides_benedicti
Raninidae_Cosmonotus_grayii
Corystidae_Jonas_distinctus
Goneplacidae _Pycnoplax_suruguensis
Goneplacidae_Carcinoplax_longimana
Goneplacidae_Goneplax_sp
—-— Xanthidae_Williamstimpsonia_denticulatus
Eriphiidae_Eriphia_scabricula
F Platyxanthidae Platyxanthus_orbignyi
Pseudoziidae_Pseudozius_caystrus
Pseudorhombilidae_Thalassoplax_angusta
Pseudorhombilidae_Micropanope_sculptipes
Pseudorhombilidae _Nanoplax_xanthiformis
Pseudorhombilidae_Trapezioplax_tridentata
Pseudorhombilidae Panoplax_depressa
Pseudorhombilidae_Pseudorhombila_quadridentata
Pseudorhombilidae_Lophoxanthus_lamellipes
Geryonidae_Chaceon_mediterraneus
Geryonidae_Raymanninus_schmitti
Xanthidae_Xanthodius_sternberghiiland2
Xanthidae_Paraxanthus_barbiger
Platyxanthidae_Danielethus_patagonicus
Eriphiidae_Eriphia_verrucosa
Panopeidae Malacoplax_californiensis
Panopeidae_Eurytium_limosum
Panopeidae_Panopeus_herbstii
Xanthidae_Xantho_pilipes
Trapeziidae_Trapezia_digitalis
Retroplumidae_Retropluma_denticulata
Dairoididae_Dairoides_kusei
Platyxanthidae_Otmaroxanthus_balboai
Pseudoziidae_Euryozius_camachoi

Chasmocarcinidae_Chasmocarcinus_chacei
Cyclodorippidae_Corycodus_sp

Cyclodorippidae_Tymolus_japonicus

Cymonomidae_Cymonomus_quadratus

Panopeidae_Rhithropanopeus_harrisii
Panopeidae_Glyptoplax_smithii
Panopeidae Dyspanopeus_sayi
Panopeidae_Hexapanopeus_angustifrons
Xanthidae_Platyactaea_dovii
Xanthidae_Paractaea_rufopunctata
Portunidae_Scylla_paramamosain
Ethusidae Ethusina_abyssicola
Pilumnoididae_Pilumnoides_nudifrons
Mathildellidae Mathildella_rubra
Cancridae_Anatolikos_japonicus
Cancridae_Cancer_borealis
Cancridae_Cancer_pagurus
Oziidae_Ozius_reticulatus
Oziidae_Epixanthus_sp
Oziidae_Epixanthus_tenuidactylos
Calappidae_Cycloes granulata
Matutidae_Matuta_sp
Parthenopidae _Ochtholambrus_excavatus
Parthenopidae_Leiolambrus_punctatissimus
Parthenopidae Rhinolambrus_sp
Platyxanthidae _Homalaspis_plana
Thiidae_Thia_scutellataland2
Polybiidae_Liocarcinus_depurator

Polybiidae Bathynectes_longispina

Polybiidae _Necora_puber
Orithyiidae_Orithyia_sinica
Calappidae_Calappa_philargius
Calappidae_Calappa_calappa
Bellidae_Acanthocyclus_albatrossis
Belliidae_Acanthocyclus_hassleri
Cheiragonidae_Telmessus_cheiragonusland?2
Carcinidae_Carcinus_maenas
Panopeidae_Neopanope_packardii
Trichopeltariidae_Trichopeltarion_nobile
Leucosiidae_Tokoyo eburnea
Leucosiidae_Pyrhila_syndactyla
Leucosiidae_Pyrhila_carinata
Leucosiidae_Ebalia_tuberculosa
Leucosiidae_Praebebalia_longidactyla
Acidopsidae_Acidops_fimbriatus
Acidopsidae_Acidops_sp
Trapeziidae_Trapezia_tigrina
Xanthidae Allactaea_lithostrota
Xanthidae Carpoporus_papulosus
Xanthidae_Lybia_tessellata
Xanthidae_Edwardsium_lobipes
Xanthidae_Cataleptodius_floridanus
Portunidae_Charybdis_feriata
Leucosiidae _Randallia_bulligera
Euryplacidae_Frevillea_barbata
Parthenopidae_Cryptopodia_fornicata
Portunidae_Portunus_pelagicus
Portunidae Portunus_sayi

Cryptochiridae_Hapalocarcinus_marsupialis

Tanaochelidae_Tanaocheles_bidentata
Pilumnidae_Heteropanope glabra
Pilumnidae_Tiaramedon_spinosum
Pilumnidae_Pilumnus_dasypodus
Pilumnidae_Lobopilumnus_agassizii
Pilumnidae_Danielum_ixbauchac
Bythograeidae_Austinograea_spland?2
Xanthidae Xanthias_canaliculatus
Xanthidae_Demania_scaberrima
Xanthidae_Pilodius_areolatus
Xanthidae_Xanthodius_cooksoni
Panopeidae_Acantholobulus_bermudensis
Calappidae_Mursia_sp2
Xanthidae_Cyclodius_nitidus
Xanthidae_Actaea_bifrons
Xanthidae _Atergatis_integerrimus
Calappidae_Acanthocarpus_alexandri
Calappidae_Mursia_spl
Ovalipidae_Ovalipes_punctatus
Ovalipidae_Ovalipes_stephensoni
Oregoniidae_Chionoecetes_tanneri
Oregoniidae_Hyas_lyratus
Majidae_Maja_brachydactyla
Majidae_Maja_brachydactyla ourdata

Majidae_Schizophrys_aspera

Inachidae_Coryrhynchus_riisei
Inachidae_Ericerodes_veleronis

Inachoididae_Inachoides_ laevis

Inachoididae_Aepinus_septemspinosus

Inachoididae Collodes _granosus

Inachoi

Epialtidae_Notolopas_mexicanus
Epialtidae_Stenocionops_ovatus
Epialtidae_Chorinus_heros
Epialtidae_Leptopisa_setirostris
Epialtidae_Doclea_canalifera

Epialtidae_Macrocoeloma _

Epialtidae_Hyastenus_sp
Epialtidae_Lubinia_dubia

didae_Arachnopsis_filipes
Inachoididae_Anasimus_latus

camptocerum

Mithracidae_Microphrys_branchialis

Epialtidae_Taliepus_dentatus
Mithracidae_Mithrax_hispidus

Epialtidae_Pugettia_nipponensis

Mithracidae_Mithraculus_forceps
Mithracidae _Thoe erosa
Epialtidae_Pisoides_edwardsii

Mithracidae Ala_cornuta

Epialtidae_Rochinia_hystrix

Mithracidae Pitho aculeata

Mithracidae_Teleophrys_ornatus
Mithracidae_Mithraculus_coryphe

Progeryonidae_Rhadinoplax_micropthalmus
Hypothalassiidae Hypothalassia_armata

Dacryopilumnidae_Dacryopilumnus_rathbunae
Pseudocarcinidae_Pseudocarcinus_gigas_ourdata

Matutidae Matuta_planipes
Iphiculidae_Iphiculus_convexus
Geryonidae_Chaceon_sp
Menippidae_Menippe_rumphii
Carpiliidae_Carpilius_maculatus
Vultocinidae Vultocinus_anfractus

! Conleyidae _Conleyus_sp
= Dairidae_Daira_americana

Aethridae_Hepatus_epheliticusland2
Trapeziidae_Trapezia_rufopunctata
Chasmocarcinidae_Megaesthesius_yokoyai
= Gecarcinidae_Tuerkayana_hirtipes
Gecarcinidae_Cardisoma_guanhumi
Plagusiidae_Plagusia_squamosa
Gecarcinidae_Gecarcinus_lateralis
Percnidae_Percnon_affine_ourdata
Dotillidae_ DotiIIa __myctiroides
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Varunldae_Hemlgrapsus_crenuIatus
Grapsidae_Pachygrapsus_marmoratus
Varunidae_Hemigrapsus_penicillatus
Heloeciidae Heloecius_cordiformis
Gecarcinidae_Cardisoma_crassum
Sesarmidae_Armases_cinereum
Sesarmidae_Parasesarma_eumolpe
Sesarmidae_Perisesarma_bidens
Ocypodidae_Paraleptuca_ crassipes
Ocypodidae_Ocypode_sinensis
Ocypodidae_Gelasimus_borealis
Ocypodidae_Ocypode_ceratophthalmus
Xenograpsidae_Xenograpsus_testudinatus
Pinnotheridae_Holothuriophilus_pacificus
Pinnotheridae_Pinnaxodes_chilensis
Pinnotheridae_Rathbunixa_pearsei
Pinnotheridae_Pinnixa_cylindrica
Grapsidae_Grapsus_albolineatus
Dotillidae_Tmethypocoelis_ceratophora
Dotillidae_Scopimera_intermedia
Varunidae_Metaplax_longipes
Mictyridae_Mictyris_brevidactylus

Glyptograpsidae_Platychirograpsus_spectabilis

Mictyridae_Mictyris_longicarpus
Varunidae_Cyclograpsus_cinereus
Macrophthalmidae_Macrophthalmus_setosus

Macrophthalmidae_Macrophthalmus_telescopicus

Grapsidae_Metopograpsus_frontalis
Grapsidae_Metopograpsus_messor

Macrophthalmidae_Chaenostoma_boscii
Xenophthalmidae_Xenophthalmus_pinnotheroides

Dorippidae_Paradorippe_australiensis

Euryplacidae_Eucrate_crenata
Euryplacidae_Eucrate_sp

Potamidae Johora_tiomanensis

Potamidae_Cryptopotamon_anacoluthon
Potamidae_Nanhaipotamon_hongkongense

Gecarcinucidae_Barytelphusa_sp

Gecarcinucidae_Barytelphusa_cunicularis

Gecarcinucidae_Somanniathelphusa_sp
Gecarcinucidae_Spiralothelphusa_senex
Potamonautidae_Platythelphusa_armata

Potamonautidae Potamonautes_subukia

Potamidae_Isolapotamon_griswoldi

Gecarcinucidae_Gubernatoriana_gubernatoris

Gecarcinucidae_Parathelphusa_sp
Hymenosomatidae_Hymenosoma_orbiculare

Hymenosomatidae Neorhynchoplax_bovis
Hymenosomatidae Amarinus_paralacustris
Hymenosomatidae Elamena_producta
Hymenosomatidae Halicarcinus_cookii
Hymenosomatidae_Halicarcinus_innominatus
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OUT _Hippidae Hippa_ adactyla

Dromiidae_Conchoecetes_artificiosus

Dromiidae_Lauridromia_dehaani
Dromiidae_Lewindromia_unidentata
Latreillidae_Latreillia_elegans

Latreillidae_Eplumula_phalangium
Homolidae_Homola_orientalis
Homolidae_Lamoha_longirostris
Homolidae_Homologenus_malayensis
Homolidae_Homologenus_rostratus
OUT _Lithodidae Neolithodes_nipponensis
Dynomenidae_Dynomene_hispida
Dynomenidae_Metadynomene_tanensis
Dynomenidae_Hirsutodynomene_ursula
Raninidae_Ranina_ranina
Raninidae_Raninoides_benedicti
Lyreididae_Lyreidus_tridentatus
Lyreididae_Lysirude_griffini
Raninidae_Ranilia_muricata
Raninidae_Cosmonotus_grayii
Macrophthalmidae_Chaenostoma_boscii
Dorippidae_Heikeopsis_japonica
Gecarcinucidae_Spiralothelphusa_senex
Gecarcinucidae_Parathelphusa_sp
Gecarcinucidae_Gubernatoriana_gubernatoris
Gecarcinucidae_Barytelphusa_sp
Gecarcinucidae_Barytelphusa_cunicularis
Potamonautidae Platythelphusa_armata
Potamonautidae Potamonautes_subukia
Potamidae_Cryptopotamon_anacoluthon
Potamidae Nanhaipotamon_hongkongense
Potamidae_Johora_tiomanensis
Potamonautidae_Seychellum_alluaudi
Glyptograpsidae_Platychirograpsus_spectabilis
Dotillidae_Doaotilla_myctiroides
Dotillidae_Scopimera_intermedia
Dotillidae_Tmethypocoelis_ceratophora
Xenophthalmidae_ Xenophthalmus_pinnotheroides
Macrophthalmidae Macrophthalmus_telescopicus
Ocypodidae_Ocypode_ceratophthalmus
Ocypodidae_Ocypode_sinensis
Ocypodidae_Gelasimus_borealis
Ocypodidae_Paraleptuca_crassipes

Euryplacidae Eucrate crenata

Euryplacidae Eucrate sp
Pinnotheridae_Holothuriophilus_pacificus

Pinnotheridae_Pinnaxodes_chilensis
Pinnotheridae_Rathbunixa_pearsei
Pinnotheridae_Pinnixa_cylindrica
Plagusiidae_Plagusia_squamosa
Percnidae_Percnon_affine ourdata
Xenograpsidae Xenograpsus_testudinatus
Grapsidae_Pachygrapsus_marmoratus
Grapsidae_Metopograpsus_frontalis
Grapsidae_Grapsus_albolineatus
Gecarcinidae_Cardisoma_crassum
Gecarcinidae_Tuerkayana_hirtipes
Sesarmidae_Armases_cinereum
Sesarmidae_Parasesarma_pictum
Sesarmidae_Parasesarma_eumolpe
Sesarmidae_Perisesarma_bidens
Mictyridae_Mictyris_brevidactylus
Mictyridae_Mictyris_longicarpus
Heloeciidae Heloecius_cordiformis
Varunidae_Cyclograpsus_cinereus
Varunidae_Eriocheir_japonica
Varunidae _Hemigrapsus_penicillatus
Varunidae_Gaetice_depressus
Varunidae_Metaplax_longipes
Bellidae_Acanthocyclus_albatrossis
Belliidae_Acanthocyclus_hassleri
Xanthidae Williamstimpsonia_denticulatus
Leucosiidae_Randallia_bulligera
Tanaochelidae_Tanaocheles_bidentata
Pilumnidae_Heteropanope_glabra
Pilumnidae_Danielum_ixbauchac
Pilumnidae_Lobopilumnus_agassizii
Pilumnidae_Pilumnus_dasypodus
Orithyiidae_Orithyia_sinica
Tetrallidae_Tetralia_glaberrima
Epialtidae_Pugettia_nipponensis
Epialtidae_Taliepus_dentatus
Epialtidae_Rochinia_hystrix
Epialtidae_Pisoides_edwardsii
Mithracidae Thoe erosa
Mithracidae_Mithraculus_forceps
Mithracidae_Mithrax_hispidus
Mithracidae Ala_cornuta
Mithracidae_Mithraculus_coryphe
Mithracidae_Teleophrys_ornatus
Mithracidae Pitho aculeata
Epialtidae_Hyastenus_sp
Epialtidae_Doclea_canalifera
Epialtidae_Macrocoeloma_camptocerum
Epialtidae_Notolopas_mexicanus
Epialtidae_Lubinia_dubia
Epialtidae _Stenocionops_ovatus
Epialtidae_Chorinus_heros
Epialtidae_Leptopisa_setirostris
Dacryopilumnidae_Dacryopilumnus_rathbunae
Hymenosomatidae_Hymenosoma_orbiculare
Pseudoziidae_Pseudozius_caystrus
Calappidae_Mursia_sp2
Calappidae_Mursia_spl
Calappidae_Cycloes_granulata
Calappidae_Calappa_philargius
Calappidae_Calappa_calappa
Aethridae_Hepatus_epheliticusland2
Majidae_Maja_brachydactyla ourdata
Matutidae Matuta planipes
Matutidae_Matuta_sp
Portunidae_Charybdis_feriata
Portunidae_Scylla_paramamosain
Portunidae_Portunus_pelagicus
Portunidae_Portunus_sayi
Eriphiidae_Eriphia_scabricula
Eriphiidae_Eriphia_verrucosa
Conleyidae_Conleyus_sp
Dairoididae_Dairoides_kusei
Polybiidae_Bathynectes_longispina
Xanthidae Cyclodius_nitidus
Xanthidae_Pilodius_areolatus
Xanthidae Actaea_bifrons
Xanthidae_Atergatis_integerrimus
Xanthidae Xanthias_canaliculatus
Xanthidae Lybia tessellata
Xanthidae_Xanthodius_cooksoni
Xanthidae_Xanthodius_sternberghiiland?2
Pseudorhombilidae_Trapezioplax_tridentata
Pseudorhombilidae_Lophoxanthus_lamellipes
Pseudorhombilidae_Micropanope_sculptipes
Xanthidae Xantho_pilipes
Xanthidae_Paraxanthus_barbiger
Panopeidae_ Panopeus_herbstii
Pseudorhombilidae_Nanoplax_xanthiformis
Pseudorhombilidae Panoplax_depressa
Xanthidae_Allactaea_lithostrota
Xanthidae_Carpoporus_papulosus
Xanthidae_Edwardsium_lobipes
Panopeidae_Rhithropanopeus_harrisii
Panopeidae_Dyspanopeus_sayi
Panopeidae Neopanope_packardii
Panopeidae Hexapanopeus_angustifrons
Panopeidae_Acantholobulus_bermudensis
Panopeidae_Glyptoplax_smithii
Panopeidae Malacoplax_californiensis
Xanthidae_ Platyactaea_dovii
Panopeidae_Eurytium_limosum
Pseudorhombilidae_Thalassoplax_angusta
Xanthidae_Paractaea_rufopunctata
Oziidae_Epixanthus_sp
Oziidae_Epixanthus_tenuidactylos
Oziidae_Ozius_reticulatus
Trapeziidae_Trapezia_rufopunctata
Trapeziidae_Trapezia_digitalis
Trapeziidae_Trapezia_tigrina
Parthenopidae Cryptopodia_fornicata
Macrophthalmidae_Macrophthalmus_setosus
Parthenopidae_Ochtholambrus_excavatus
Parthenopidae_Leiolambrus_punctatissimus
Parthenopidae Parthenope_longimanus
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Dairidae_Daira_americana
Progeryonidae_Rhadinoplax_micropthalmus
Bythograeidae_Austinograea_spland2
Bythograeidae_Gandalfus_puia
Pseudothelphusidae Epilobocera_sinuatifrons
Bythograeidae Austinograea hourdezi
Vultocinidae_Vultocinus_anfractus
Retroplumidae_Retropluma_denticulata
Trichopeltariidae_Trichopeltarion_nobile
Hypothalassiidae Hypothalassia_armata
Goneplacidae_Carcinoplax_longimana
Goneplacidae_Pycnoplax_suruguensis
Goneplacidae_Goneplax_sp
Platyxanthidae_Homalaspis_plana
Platyxanthidae Danielethus_patagonicus
Pseudocarcinidae_Pseudocarcinus_gigas_ourdata
Geryonidae_Chaceon_mediterraneus
Mathildellidae_Mathildella_rubra
Calappidae_Acanthocarpus_alexandri
Menippidae_Menippe_rumphii
Corystidae_Jonas_distinctus
Bythograeidae Bythograea laubieri
Bythograeidae Bythograea microps
Oregoniidae_Chionoecetes_tanneri
Oregoniidae_Oregonia_gracilis
Oregoniidae_Hyas_lyratus
Oregoniidae_Hyas_araneus
Iphiculidae_Iphiculus_convexus
Leucosiidae_Tokoyo eburnea
Leucosiidae Ebalia_tuberculosa
Leucosiidae_Praebebalia longidactyla
Leucosiidae Pyrhila_syndactyla
Leucosiidae_Pyrhila_carinata
Ovalipidae_Ovalipes_punctatus
Ovalipidae_Ovalipes_stephensoni
Cheiragonidae_Telmessus_cheiragonusland2
Cancridae_Anatolikos_japonicus
Cancridae_Cancer_borealis
Geryonidae _Raymanninus_schmitti
Cyclodorippidae_Corycodus_sp
Geryonidae_Chaceon_sp
Euryplacidae Frevillea_barbata
Polybiidae Parathranites_orientalis
Thiidae_Thia_scutellataland?2
Polybiidae_Liocarcinus_depurator
Polybiidae_Necora_puber
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OUT_Munididae_Munida_albiapicula

OUT _Hippidae_Hippa_adactyla

OUT _Diogenidae_Clibanarius_virescens

Dynomenidae_Metadynomene_tanensis

Dromiidae_Lauridromia_dehaani
Dromiidae_Conchoecetes_artificiosus
Dromiidae_Lewindromia_unidentata
Homolidae_Lamoha_longirostris
Homolidae Lamoha_murotoensis
Homolidae_Paromolopsis_boasi
Homolidae_Homologenus_malayensis

Homolidae_Homola_orientalis

Pinnotheridae_Arcotheres_sp
Pinnotheridae_Nepinnotheres_cf_affinis

Dorippidae_Paradorippe_granulata

OUT _Porcellanidae_Petrolisthes_japonicus

OUT _Lithodidae Neolithodes_nipponensis

OUT _Kiwaidae Kiwa_hirsuta

Latreilliidae_Eplumula_phalangium

Dorippidae_Dorippe_quadridens

Dorippidae_Heikeopsis_japonica
Cryptochiridae_Dacryomaia_sp
Xenograpsidae_Xenograpsus_testudinatus
Sesarmidae_Perisesarma_bidens
Sesarmidae_Parasesarma_affine
Sesarmidae_Nanosesarma_minutum
Glyptograpsidae_Glyptograpsus_jamaicensis
Glyptograpsidae_Platychirograpsus_spectabilis
Mictyridae_Mictyris_brevidactylus
Macrophthalmidae Macrophthalmus_erato
Macrophthalmidae Macrophthalmus_definitus
Varunidae_Metaplax_longipes
Varunidae_Eriocheir_japonica
Varunidae_Gaetice _depressus
Grapsidae_Metopograpsus_frontalis
Grapsidae_Metopograpsus_quadridentatus
Grapsidae_Grapsus_albolineatus
Grapsidae_Pachygrapsus_plicatus
Ocypodidae_Ocypode_ceratophthalmus
Ocypodidae_Ocypode_sinensis
Ocypodidae_Paraleptuca_crassipes
Ocypodidae_Austruca_lactea
Ocypodidae_Gelasimus_borealis
Gecarcinidae_Gecarcoidea_lalandii
Gecarcinidae_Gecarcoidea_natalis
Gecarcinidae_Cardisoma_crassum
Gecarcinidae_Tuerkayana_hirtipes
Plagusiidae_Plagusia_squamosa
Percnidae_Percnon_affine
Percnidae_Percnon_planissimum
Dotillidae_Dotilla_myctiroides
Dotillidae_Doaotilla_wichmanni
Dotillidae_Tmethypocoelis_ceratophora
Dotillidae_Scopimera_proxima
Dotillidae_Scopimera_bitympana
Dotillidae_Scopimera_intermedia
Belliidae _Acanthocyclus_albatrossis

Bellidae_Acanthocyclus_hassleri

Leucosiidae_Pyrhila_carinata

Leucosiidae_Arcania_cornuta

Leucosiidae_Tokoyo_eburnea

Leucosiidae_Urashima_pustuloides

Lyreididae_Lyreidus_tridentatus

Raninidae_Ranina_ranina

Cyclodorippidae_Corycodus_disjunctipes

Cymonomidae Cymonomus_diogenes

Cymonomidae_Cymonomus_sp

Ethusidae Ethusa_sexdentata

Matutidae _Matuta_planipes

Trichodactylidae_Fredilocarcinus_apyratii
Trichodactylidae Valdivia_serrata
Corystidae_Gomeza_bicornis
Corystidae_Jonas_distinctus
Gecarcinucidae_Ceylonthelphusa_sp
Gecarcinucidae_Somanniathelphusa_cf_zanklon
Gecarcinucidae_Parathelphusa_pantherina
Gecarcinucidae_Syntripsa_flavichela
Potamonautidae_Potamonautes_perlatus
Potamonautidae _Platythelphusa_armata
Potamonautidae_Potamonautes_subukia
Potamidae Potamon_fluviatile
Potamidae Potamon_persicum
Potamidae_Johora_tiomanensis
Potamidae_Isolapotamon_griswoldi
Potamidae_Cryptopotamon_anacoluthon

Potamidae Nanhaipotamon_hongkongense

Retroplumidae_Retropluma_denticulata

Orithyiidae_Orithyia_sinica
Pseudothelphusidae Epilobocera_sinuatifrons

Pseudothelphusidae Ptychophallus_sp

Chasmocarcinidae_Megaesthesius_yokoyai
Calappidae_Calappa_philargius

Pseudocarcinidae_Pseudocarcinus_gigas

Goneplacidae_Carcinoplax_longimana

Goneplacidae_Carcinoplax_purpurea

Parthenopidae_Cryptopodia_fornicata
Parthenopidae Parthenope_longimanus
Mithracidae_Mithraculus_coryphe

Mithracidae_Mithraculus_forceps

Epialtidae_Doclea japonica

Epialtidae_Tiarinia_sp

Epialtidae_Pugettia_nipponensis

Epialtidae_Pugettia_sp
Ovalipidae_Ovalipes_punctatus

Polybiidae Parathranites_orientalis
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Portunidae_Scylla_paramamosain
Portunidae_Portunus_pelagicus
Portunidae_Charybdis_feriata
Portunidae_Thalamita_prymna
Vultocinidae_Vultocinus_anfractus
Pilumnidae_Pilumnus_vespertilio
Galenidae_Galene_bispinosa
Pilumnidae_Heteropanope glabra
Pilumnidae_Pilumnus_longicornis
Oziidae_Epixanthus_frontalis
Oziidae_Lydia_annulipes
Oziidae_Ozius_rugulosus
I_ Trapeziidae_Philippicarcinus_oviformis
Mathildellidae_Mathildella_rubra
Menippidae_Menippe_rumphii
L Euryplacidae Eucrate_alcocki
Euryplacidae_Eucrate_crenata
I [ Trapeziidae_Trapezia_septata
Trapeziidae_Trapezia_tigrina
Carpiliidae_Carpilius_maculatus
Eriphiidae_Eriphia_scabricula
Eriphiidae_Eriphia_smithii
Scalopidiidae_Scalopidia_spinosipes
Xanthidae Xantho_pilipes
Xanthidae_Lybia_tessellata
Xanthidae_Palapedia_cf nitida
Xanthidae_Atergatis_integerrimus
Xanthidae_Demania_scaberrima
Xanthidae Actaeodes cf tomentosus

Xanthidae Novactaea bella
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OUT_Munididae_Munida_albiapicula
OUT _Porcellanidae_Petrolisthes_japonicus
OUT _Hippidae_Hippa_adactyla
OUT _Diogenidae_Clibanarius_virescens
OUT _Kiwaidae_ Kiwa_hirsuta
Pinnotheridae_Holothuriophilus_pacificus
Pinnotheridae_Arcotheres_sp
Pinnotheridae_Nepinnotheres_cf_affinis
Cyclodorippidae_Tymolus_brucei
Homolidae _Lamoha_murotoensis
Homolidae Lamoha_longirostris
Homolidae_Homologenus_malayensis
Homolidae_Paromolopsis_boasi
Homolidae_Homola_orientalis
Latreillidae_Latreillia_elegans
Latreillidae_Eplumula_phalangium
Chasmocarcinidae_Megaesthesius_yokoyai
Iphiculidae_Iphiculus_convexus
Leucosiidae Arcania_cornuta
Leucosiidae_Tokoyo_eburnea
Leucosiidae_Urashima_pustuloides
Leucosiidae_Pyrhila_carinata
Leucosiidae_Praebebalia_longidactyla
OUT_Lithodidae_Neolithodes_nipponensis
Leucosiidae_Randallia_bulligera
Dotillidae_Tmethypocoelis_ceratophora
Dotillidae_Scopimera_intermedia

Dotillidae_Scopimera_bitympana
Dotillidae_Doaotilla_myctiroides
Dotillidae_Doaotilla_wichmanni

Dynomenidae_Metadynomene_tanensis
Dynomenidae_Dynomene_praedator
Dynomenidae_Hirsutodynomene_ursula
Dromiidae_Lauridromia_dehaani
Dromiidae_Conchoecetes_artificiosus
Dromiidae_Lewindromia_unidentata
Raninidae_Ranina_ranina
Lyreididae_Lyreidus_tridentatus
Lyreididae_Lysirude_griffini
Raninidae_Cosmonotus_grayii
Cyclodorippidae_Corycodus_disjunctipes
Cymonomidae_Cymonomus_diogenes
Cymonomidae Cymonomus_sp
Gecarcinucidae_Ceylonthelphusa_sp
Gecarcinucidae_Parathelphusa_pantherina
Gecarcinucidae_Parathelphusa_sp
Gecarcinucidae_Syntripsa_flavichela
Gecarcinucidae_Somanniathelphusa_cf_zanklon
Gecarcinucidae_Somanniathelphusa_sp
Gecarcinucidae_Gubernatoriana_gubernatoris
Potamonautidae Potamonautes_perlatus
Potamonautidae_Platythelphusa_armata
Potamonautidae _Potamonautes_subukia
Potamidae_Johora_tiomanensis
Potamidae_Cryptopotamon_anacoluthon
Potamidae Nanhaipotamon_hongkongense
Potamidae_Isolapotamon_griswoldi
Potamidae Potamon_fluviatile
Potamidae Potamon_persicum
Corystidae_Gomeza_bicornis
Corystidae_Jonas_distinctus
Ethusidae Ethusa sexdentata
Dorippidae_Dorippe_quadridens
Dorippidae_Heikeopsis_japonica
Dorippidae_Paradorippe_granulata
Pseudothelphusidae Epilobocera_sinuatifrons
Pseudothelphusidae_Epilobocera_gilmanii
Pseudothelphusidae Potamocarcinus_sp
Pseudothelphusidae_Ptychophallus_sp
Pseudothelphusidae Ptychophallus_montanus
Pseudothelphusidae_Raddus_orestrius

Retroplumidae_Retropluma_denticulata
-| Orithyiidae_Orithyia_sinica
Trichodactylidae_Trichodactylus_dentatus

Trichodactylidae_Fredilocarcinus_apyratii
Trichodactylidae_Valdivia_serrata
Mictyridae_Mictyris_brevidactylus
Grapsidae_Metopograpsus_frontalis
Grapsidae_Metopograpsus_quadridentatus
Grapsidae_Grapsus_albolineatus
Grapsidae_Pachygrapsus_plicatus
Percnidae_Percnon_planissimum
Percnidae_Percnon_affine
Percnidae_Percnon_affine_ourdata
Cryptochiridae_Dacryomaia_sp
Glyptograpsidae Glyptograpsus_jamaicensis
Glyptograpsidae_Platychirograpsus_spectabilis
Ocypodidae_Austruca_lactea
Ocypodidae_Paraleptuca_crassipes
Ocypodidae_Ocypode_ceratophthalmus
Ocypodidae_Ocypode_sinensis
Xenograpsidae Xenograpsus_testudinatus
Gecarcinidae_Gecarcoidea_lalandii
Gecarcinidae _Gecarcoidea_natalis
Plagusiidae_Plagusia_squamosa
Gecarcinidae_Tuerkayana_hirtipes
Gecarcinidae_Cardisoma_crassum
Heloeciidae _Heloecius_cordiformis
Sesarmidae_Nanosesarma_minutum
Sesarmidae_Parasesarma_affine
Sesarmidae_Parasesarma_eumolpe
Sesarmidae_Perisesarma_bidens
Varunidae Metaplax_longipes
Macrophthalmidae_Chaenostoma_boscii
Macrophthalmidae Macrophthalmus_erato
Macrophthalmidae Macrophthalmus_definitus
Varunidae_Cyclograpsus_cinereus
Varunidae_ Gaetice depressus
Varunidae_Eriocheir_japonica
Varunidae_Hemigrapsus_penicillatus
Bythograeidae_Austinograea_spland2
Progeryonidae_Rhadinoplax_micropthalmus
Polybiidae Parathranites_orientalis
Geryonidae_Chaceon_sp
Ovalipidae_Ovalipes_punctatus
Thiidae_Thia_scutellataland?2
Portunidae_Charybdis_feriata
Portunidae_Scylla_paramamosain
Portunidae_Thalamita_prymna
Portunidae_Portunus_pelagicus
Dairidae_Daira_americana
Menippidae_Menippe_rumphii
Aethridae_Hepatus_epheliticusland2
Matutidae Matuta planipes
Matutidae_Matuta_sp
Pseudocarcinidae_Pseudocarcinus_gigas
Pseudocarcinidae_Pseudocarcinus_gigas_ourdata
Parthenopidae Parthenope_longimanus
Parthenopidae Cryptopodia_fornicata
Parthenopidae_Ochtholambrus_excavatus
Parthenopidae_Leiolambrus_punctatissimus
Parthenopidae Rhinolambrus_sp
Cancridae_Anatolikos_japonicus
Cancridae_Metacarcinus_magister
Calappidae_Acanthocarpus_alexandri
Calappidae_Calappa_philargius
Calappidae_Cycloes_granulata
Majidae _Maiopsis_panamensis
Oregoniidae_Chionoecetes_tanneri
Oregoniidae_Hyas_lyratus
Mithracidae Teleophrys_ornatus
Mithracidae _Thoe erosa
Mithracidae_Mithraculus_coryphe
Mithracidae_Mithraculus_forceps
Epialtidae_Chorinus_heros
Epialtidae_Pisoides_edwardsii
Epialtidae_Taliepus_dentatus
Epialtidae_Pugettia_nipponensis
Epialtidae_Pugettia_sp
Epialtidae_Lubinia_dubia
Epialtidae_Hyastenus_sp
Epialtidae_Tiarinia_sp
Epialtidae_Doclea_canalifera
Epialtidae_Doclea_japonica
Carpiliidae_Carpilius_convexus
Carpiliidae_Carpilius_maculatus
Trichopeltariidae_Trichopeltarion_nobile
Eriphiidae_Eriphia_scabricula
Eriphiidae_Eriphia_smithii
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Oziidae_Epixanthus_sp
Oziidae_Ozius_reticulatus
Oziidae_Lydia_annulipes
Oziidae_Ozius_rugulosus
Trapeziidae_Philippicarcinus_oviformis
Trapeziidae_Trapezia_septata
Trapeziidae_Trapezia_tigrina
Euryplacidae_Frevillea_barbata
Euryplacidae Eucrate crenata
Euryplacidae_Eucrate_alcocki
Euryplacidae Eucrate sp
Mathildellidae_Mathildella_rubra
Cheiragonidae_Telmessus_cheiragonusland2
Goneplacidae_Carcinoplax_longimana
Goneplacidae_Carcinoplax_purpurea
Goneplacidae_Goneplax_sp

Bellidae_Acanthocyclus_albatrossis
I I ‘ Belliidae_Acanthocyclus_hassleri
Tanaochelidae_Tanaocheles_bidentata

Pilumnidae_Heteropanope_glabra
Pilumnidae_Pilumnus_longicornis
Pilumnidae_Tiaramedon_spinosum

Galenidae_Galene_bispinosa
Pilumnidae_Pilumnus_vespertilio
Platyxanthidae_Homalaspis_plana
Scalopidiidae_Scalopidia_spinosipes
Panopeidae_Glyptoplax_smithii
Panopeidae Panopeus_herbstii
Panopeidae_Hexapanopeus_angustifrons
Pseudorhombilidae_Pseudorhombila_quadridentata
Pseudorhombilidae_Trapezioplax_tridentata
Pseudorhombilidae _Nanoplax_xanthiformis
Pseudorhombilidae_Micropanope_sculptipes
Pseudorhombilidae Lophoxanthus_lamellipes
Xanthidae_Xantho_pilipes
Xanthidae _Demania_scaberrima
Xanthidae_Palapedia_cf nitida
Xanthidae_Cataleptodius_floridanus
Xanthidae Lybia tessellata
Xanthidae Paraxanthus_barbiger
Xanthidae_Atergatis_floridus
Xanthidae_Atergatis_integerrimus
Xanthidae_Xanthias_canaliculatus
Xanthidae_Platyactaea_dovi
Xanthidae_ Actaeodes_cf tomentosus
Xanthidae Novactaea bella
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Dotillidae_Scopimera_proxima
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OUT _Lithodidae_Neolithodes_nipponensis
OUT _Diogenidae_Clibanarius_virescens
OUT _Hippidae_Hippa_ adactyla
OUT _Kiwaidae Kiwa_hirsuta
OUT_Munididae_Munida_albiapicula
OUT _Porcellanidae_Petrolisthes_japonicus

Homolidae Lamoha_longirostris
Homolidae_Lamoha_murotoensis
Homolidae_Homola_orientalis
Homolidae_Homologenus_malayensis
Homolidae Paromolopsis_boasi
Latreillidae_Latreillia_elegans

Latreillidae_Eplumula_phalangium
Cyclodorippidae_Tymolus_brucei

Cyclodorippidae_Corycodus_disjunctipes
Cymonomidae Cymonomus_diogenes
Dromiidae_Conchoecetes_artificiosus

Dromiidae_Lauridromia_dehaani
Dromiidae_Lewindromia_unidentata

Dynomenidae_Metadynomene_tanensis
Dynomenidae_Dynomene_praedator
Dynomenidae_Hirsutodynomene_ursula
Raninidae_Ranina_ranina
Lyreididae_Lyreidus_tridentatus
Lyreididae_Lysirude_griffini
Dotillidae_Dotilla_myctiroides
Dotillidae_Dotilla_wichmanni
Dotillidae_Tmethypocoelis_ceratophora
Dotillidae_Scopimera_bitympana
Dotillidae_Scopimera_intermedia
Dotillidae_Scopimera_proxima
Pinnotheridae_Nepinnotheres_cf_affinis
Pinnotheridae_Pinnixa_cylindrica
Pinnotheridae_Holothuriophilus_pacificus
Pinnotheridae_Pinnaxodes_chilensis
Xenograpsidae Xenograpsus_testudinatus

Macrophthalmidae_Macrophthalmus_definitus

Macrophthalmidae Macrophthalmus_erato

Macrophthalmidae Chaenostoma_boscii
Varunidae_Gaetice_depressus
Varunidae_Hemigrapsus_penicillatus

Varunidae_Metaplax_longipes
Varunidae_Eriocheir_japonica
Varunidae_Cyclograpsus_cinereus

Mictyridae_Mictyris_brevidactylus
Sesarmidae_Nanosesarma_minutum

Sesarmidae_Parasesarma_affine
Sesarmidae_Perisesarma_bidens
Cryptochiridae_Dacryomaia_sp
Gecarcinidae_Gecarcoidea_lalandii
Gecarcinidae_Gecarcoidea_natalis
Plagusiidae_Plagusia_squamosa
Gecarcinidae_Cardisoma_crassum
Gecarcinidae_Tuerkayana_hirtipes
Glyptograpsidae Glyptograpsus_jamaicensis
Glyptograpsidae_Platychirograpsus_spectabilis
Grapsidae_Grapsus_albolineatus
Grapsidae_Metopograpsus_frontalis
Grapsidae_Metopograpsus_quadridentatus
Percnidae_Percnon_planissimum
Percnidae_Percnon_affine
Percnidae_Percnon_affine_ourdata
Ocypodidae_Ocypode_ceratophthalmus
Ocypodidae_Ocypode_sinensis
Ocypodidae_Austruca_lactea
Ocypodidae_Gelasimus_borealis
Ocypodidae_Paraleptuca_crassipes
Hymenosomatidae_Hymenosoma_orbiculare
Pseudothelphusidae Epilobocera_sinuatifrons
Pseudothelphusidae Potamocarcinus_sp
Pseudothelphusidae_Ptychophallus_montanus
Pseudothelphusidae Ptychophallus_sp
Retroplumidae_Retropluma_denticulata
Potamonautidae Platythelphusa_armata
Potamonautidae_Potamonautes_perlatus
Potamonautidae_Potamonautes_subukia
Potamidae_Potamon_fluviatile
Potamidae Potamon_persicum
Potamidae_Cryptopotamon_anacoluthon
Potamidae_Johora_tiomanensis

Potamidae_Isolapotamon_griswoldi
Gecarcinucidae_Somanniathelphusa_cf zanklon

Gecarcinucidae_Somanniathelphusa_sp
Gecarcinucidae_Ceylonthelphusa_sp
Gecarcinucidae_Syntripsa_flavichela
Gecarcinucidae_Parathelphusa_pantherina
Gecarcinucidae_Parathelphusa_sp
Orithyiidae_Orithyia_sinica
Trichodactylidae_Fredilocarcinus_apyratii
Trichodactylidae_Valdivia_serrata
Trichodactylidae_Trichodactylus_dentatus
Chasmocarcinidae_Megaesthesius_yokoyai
Belliidae_Acanthocyclus_albatrossis
Belliidae_Acanthocyclus_hassleri
Cancridae_Anatolikos_japonicus

Cancridae_Metacarcinus_magister
Leucosiidae_Pyrhila_carinata

Leucosiidae Ebalia_tuberculosa
Leucosiidae_Praebebalia longidactyla
Leucosiidae Arcania_cornuta

Iphiculidae_Iphiculus_convexus

Leucosiidae_Tokoyo eburnea
Leucosiidae_Urashima_pustuloides

Dairidae_Daira_americana
Pseudocarcinidae_Pseudocarcinus_gigas
Pseudocarcinidae_Pseudocarcinus_gigas_ourdata

Pilumnidae_Pilumnus_longicornis

Aethridae_Hepatus_epheliticusland2

Carpiliidae_Carpilius_convexus
Carpiliidae_Carpilius_maculatus
Menippidae_Menippe_rumphii
Cheiragonidae_Telmessus_cheiragonusland?2
Corystidae_Gomeza_bicornis
Corystidae_Jonas_distinctus
Dorippidae_Dorippe_quadridens
Dorippidae_Heikeopsis_japonica
Dorippidae_Paradorippe_granulata
Calappidae_Acanthocarpus_alexandri
Calappidae_Calappa_philargius
Calappidae_Cycloes_granulata
Ethusidae Ethusa sexdentata
Matutidae _Matuta_planipes
Matutidae _Matuta_sp
Geryonidae_Chaceon_sp
Ovalipidae_Ovalipes_punctatus
Ovalipidae_Ovalipes_stephensoni
Polybiidae Parathranites_orientalis
Thiidae_Thia_scutellataland2
Portunidae_Portunus_pelagicus
Portunidae_Scylla_paramamosain

Portunidae_Charybdis_feriata

Portunidae_Thalamita_prymna
Oregoniidae_Chionoecetes_tanneri

Majidae_Maiopsis_panamensis
Epialtidae_Taliepus_dentatus
Epialtidae_Pugettia_nipponensis
Epialtidae_Pugettia_sp
Epialtidae_Pisoides_edwardsii
Epialtidae_Lubinia_dubia
Mithracidae_Teleophrys_ornatus
Mithracidae_Mithraculus_coryphe
Mithracidae Mithraculus_forceps
Epialtidae_Hyastenus_sp
Epialtidae_Tiarinia_sp
Epialtidae_Doclea_canalifera
Epialtidae_Doclea_japonica

Parthenopidae Ochtholambrus_excavatus
Parthenopidae_Cryptopodia_fornicata
Parthenopidae_Leiolambrus_punctatissimus
Parthenopidae Parthenope_longimanus
Parthenopidae _Rhinolambrus_sp

Progeryonidae_Rhadinoplax_micropthalmus
Tanaochelidae_Tanaocheles_bidentata

Pilumnidae Heteropanope glabra
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innotheridae_Arcotheres_sp

Pilumnidae_Pilumnus_vespertilio
Pilumnidae_Danielum_ixbauchac
Mathildellidae_Mathildella_rubra
Oziidae_Epixanthus_frontalis
Oziidae_Epixanthus_sp
Oziidae_Lydia_annulipes
Oziidae_Ozius_reticulatus
Oziidae_Ozius_rugulosus
Eriphiidae_Eriphia_scabricula
Eriphiidae_Eriphia_smithii
Vultocinidae_Vultocinus_anfractus
Euryplacidae Frevillea_barbata

Euryplacidae_Eucrate_crenata
Euryplacidae_Eucrate_alcocki
Euryplacidae Eucrate sp
Trapeziidae_Philippicarcinus_oviformis
Trapeziidae_Trapezia_septata
Trapeziidae_Trapezia_tigrina
Goneplacidae _Carcinoplax_longimana
Scalopidiidae_Scalopidia_spinosipes
Platyxanthidae_Homalaspis_plana
Goneplacidae_Carcinoplax_purpurea
Goneplacidae_Goneplax_sp

Xanthidae_Lybia_tessellata
Pseudorhombilidae_Lophoxanthus_lamellipes

Pseudorhombilidae_Pseudorhombila_quadridentata
Pseudorhombilidae_Trapezioplax_tridentata
Pseudorhombilidae_Nanoplax_xanthiformis
Pseudorhombilidae_Micropanope_sculptipes
Panopeidae Panopeus_herbstii
Panopeidae_Glyptoplax_smithii
Xanthidae_Carpoporus_papulosus
Xanthidae_Xantho_pilipes
Xanthidae_Palapedia_cf nitida
Xanthidae_Atergatis_floridus
Xanthidae_Atergatis_integerrimus
Xanthidae_Paraxanthus_barbiger
Xanthidae_Xanthodius_sternberghiiland2
Xanthidae_Platyactaea_dovii
Xanthidae_Actaea_bifrons
Xanthidae_Demania_scaberrima
Xanthidae Actaeodes cf tomentosus
Xanthidae _Novactaea_ bella
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OUT_Hlppldae_Hgﬂa adactyla _ _ _
T_Lithodidae Neolithodes_nipponensis
OUT_Munididae_Munida_albiapicula _ _
OUT _Diogenidae_Clibanarius_virescens _
OUT _Porcellanidae Petrolisthes_japonicus
— - ~ OOT_Kiwaidae_Kiwa_hirsuta
Raninidae_Ranilia_muricata
Raninidae "Cosmonotus_grayii
Lyreididae_Lyreidus_tridentatus ~
Lyreididae Tysirude_griffini
— 'Raninidae”Ranina ranina
Raninidae Raninoides_benedicti _ _
_ Homaolidae_Homola_orientalis
Homolidae Lamoha_longirostris
Latreillidae Latréillia _elegans.
Latreillidae_Eplumula_phalangium
Homolidae Lamoha_murofoensis _ _
. Homolidae _Paromolopsis_boasi
Homolidae _Homologenus_malayensis
Homolidae _Homologenus_rostratus
Dynomenijdae_Metadynomene_tanensis
Dynomenidae_Dynomene_praedator
Dynomenidae_Dynomene_hispida
Dynomenidae_Hirsutodynomene_ursula
Dromiidae_Sphaerodromia_sp . .
Dromiidae_Conchoecetes_artificiosus
Dromiidae_Lauridromia_dehaani
Dromiidae_Lewindromia_unidentata
_ . Dromiidae_Moreiradromia_antillensis
Xanthidae_Palapedia_cf _nitida _
Panopeidae_Acantholobulus_bermudensis
Panopeidae_Glyptoplax_smithii
Panopeidae Eurytium_limosum _
Panopeidae_Hexapanopeus_angustifrons
Panopeidaé_Malacoplax_californiensis
Panopeidae_Panopeus_herbstii o
Panopeidae_Rhithropanopeus_harrisii
Panopeidae_Dyspanopeus_sayi
Panopeidae_Neopanope_packardii _ _
Corystidae_Gomeza_bicornis
_ Corystidae_Jonas_distinctus
Xanthidae Lybia_tessellata
Xanthidaé_ Xantho pilipes .
Xanthidae_Edwardsium_lobipes
Xanthidae Allactaea_Tithostrota
Xanthidae_Tarpoporus_papulosus
Xanthidae ' Cyclodius_nitidus
Xanthidae Paraxanthus_barbiger
Xanthidae_Cataleptodius_floridanus
Xanthidae Xanthodius_cookSoni
Xanthidae_Xanthodius_sternberghiiland2
Xanthidae _Demania_scaberrima
Xanthidaé_ Actaeodes_cf tomentosus
Xanthidae_Novactaea_bélla
Xanthidae_ ParacCtaea_rufopunctata
Xanthidae Atergatis_floridus
Xanthidae_Atergatis mtegernmus ,
Xanthidae~Williamsfimpsonia_denticulatus
Xanthidae Xanthias canaliculatus
Xanthidae Pilodius_areolatus
Xanthidae Platyactaea dovii
Xanthidae_Actaea bifrons _
Pseudorhombilidae Trapezioplax_tridentata
Pseudorhombilidae_ Pseudorhombila_quadridentata
Pseudorhombilidae Panoplax_depressa |
Pseudorhombilidae Micropanope_sculptipes
Pseudorhombilidae Nanoplax_xanthiformis
Pseudorhombilidae_Lophoxanthus_lamellipes
Pseudorhombilidae_Thalassoplax_angusta _ _
Potamonautidae Seychellum_alluaudi
Potamonautidae_Platythelphusa_armata
Potamonautidae Potamonautes_perlatus
: Potamonautidaé_ PotamonauteS_ subukia
~~ Potamidae_Potamon_fluviatile
Potamidae Potamon _persicum’
Potamidae_Johora_Tiomanensis ,
Potamidae_|Solapotamon_griswoldi
Potamidae Cryptopotamon_anacoluthon
. Potamidae Nanhalﬁotamon_hongkongense
Gecarcinucidae_Ceylonthelphusa_sp
Gecarcinucidae_Spiralothelphusa_senex
Gecarcinucidae_Barytelphusa_Sp _
Gecarcinucidae_Barytelphusa_cunicularis, _
Gecarcinucidae Gubernatoriana_gubernatoris
‘Gecarcinucidae_Somanniathelphusa_cf zanklon
o Gecarcinucidae_Somanniathelphusa_sp
Gecarcinucidae_Syntripsa_flavichéla
Gecarcinucidae Parathelphusa_pantherina
_ _ 4 Gecarcinucidae_Parathelphusa_sp
Varunidae_Eriocheir_japonica
Varunidaé_ Gaetice _depressus
Varunidae Hemigrapsus_penicillatus
Varunidae_Hemigrapsus_crenulatus
Varunidae_Cyclograpsus_cinereus
Varunidae_MetaplaX_longipes _
Macrophthalmida€_Macrophthalmus_telescopicus
Macrophthalmidae Macrophthalmus_erato
Macrophthalmidae Macrophthalmus_definitus
. Macrophthalmidae_CThaenostoma_boscii
Plagusiidae_Euchirograpsus_americanus
- Plal\%usudae_Plagu&a_s uamosa
Plagusiidae_Miersiograpsus_kingsleyi
Plagusiidae_Davusia_glabra
Ocypodidae Ocypode_ceratophthalmus
Oc%)odldae Oc%)ode_smenss _
cypodidae Paraléptuca_crassipes
Ocypodidae_Austruca_lactea
: Ocypodidae_Gelasimus_borealis
Percnidae_Percnon_planissimum
Percnidae_Percnon_affine
Percnidae_Percnon_affine_ourdata
Cryptochiridae_Dacryomaia_sp
o Cryptochiridae_Fungicola_fagel
Gecarcinidae_Cardisoma_guanhumi
Gecarcinidae_Cardisoma_Crassum
Gecarcinidae_Tuerkayana hirtipes
Heloeciidae Heloécius_cordiformis _
Xenograpsidae_Xenograpsus_testudinatus
Mictyridae Mictyris_brevidactylus
« Mictyridae_Mictyris_Tongicarpus
Grapsidae Metopograpsus _frontalis "
rapsidae MetopograpSus_quadridentatus
Grapsidae_Mefopograpsus_messor
Gecarcinidae_Gecarcinus_lateralis
Gecarcinidaé Gecarcoidéa_lalandii
Gecarcinidaé_Gecarcoidea natalis _ _ _
Glyptograpsidae Glyptograpsus_jamaicensis
_ Glyptograpsidae "Platychirograpsus_spectabilis
Grag)smae Pachygrapsus_marmoratus
rapsidae_Pachygrapsus_plicatus
Grapsidae_Grapsus_albolineatus
Sesarmidae_Nanosesarma_minutum
Sesarmidae_Armases_cineréum
Sesarmidae_Parasesarma_affine
Sesarmidae_Parasesarma_eumolpe
Sesarmidae "Perisesarma_bidens o
Pinnotheridae “Pinnixa_cylindrica _
Pinnotheridae_Rathbunixa_pearsei | .
Pinnotheridae_Scleroplax_schmitti
: : Pinnotheridae_Arcotheres_sp
, _ Pinnotheridae_Nepinnotheres_cf _affinis
Pinnotheridae_Holothuriophilus_pacificus
Pinnotheridae_Pinnaxodes_ chilensis
Goneplacidae Carcinoplax_purpurea
Goneplacidae_Goneplax_sp

Goneplacidae_Carcinoplax_longimana _
. _ Goneéplacidae_PycCnoplax_suruguensis
Trapeziidae_Trapezia_rufopunctata
Trapeziidae_Trapezia_digitalis
Trapeziidae Trapezia_septata
Trapez||dae_TrapeZ|a__tC|igr|na _
Leucosiidae Arcania_cornuta
. : Leucosiidae Randallia_bulligera
Dairidae_Daira_perlata _ _ _
Trapeziidae_Philippicarcinus_oviformis _ _
Pseudothelphusidae Epilobocera_sinuatifrons
Pseudothelphusidae_Epilobocéra_gilmanii
Pseudothelphusidae Raddus_orestrius
Pseudothelphusidae_Potamocarcinus_sp
Pseudothelphusidae Ptychophallus_montanus
» Pseudothelphusidae_Ptychophallus sp
Pseudocarcinidae_Pseudocarcinus_gigas_ourdata _
w— Retroplumidae_Retropluma_denticulata
Chasmocarcinidae _Chasmocarcinus_chacer
Chasmocarcinidae _Megaesthesius_yokoyai
Belliidaé Acanthocyclus albatrossis
, Bellidae_Acanthocyclus_hassleri
Conleyidae Conleyus_sp .
Bythograeidae "Austinograea_spland2
Bythograeidae_Gandalfus_puia
Acidopsidae_Acidops_fimbriatus
Acidopsidae Amdops_sg _
Cancridae_Cancer_borealis
Cancridae_Anatolikos_japonicus
Cancridae_Cancer_pagurus
Cheiragonidae_Telmessus cheiragonusland?2
_ Corystidae_Corystes_cassivelaunus
Geryonidae_Chaceon_mediterraneus
Geryonidae_Chaceon_sp _ _
== Qvalipidae_Ovalipes_stephensoni
Ovalipidae_Ovalipes_punctatus
Ovalipidae_Ovalipes_Iridescens
Geryonidae Raymanninus_schmitti
Thiidae_Thia_scutellataland2
Polybiidae Necora_puber
Carcinidae _Carcinus “maenas
= Carcinidae_Portumnus_ latipes
Hypothalassiidae Hypothalassia_armata
Pseudoziidae Pseudozius_caystrus
Scalopidiidae Scalopidia_spinosipes
Mathildellidae _Mathildella_rubra
Platyxanthidae _Homalaspis plana _
Platyxanthidae Otmaroxanthus_balboai
Platyxanthidae Danielethus _patagonicus
Eriphiidae _Eriphia_smithii
Eriphiidae Eriphia_scCabricula
_ Eriphiidae_Eriphia_verrucosa
Bythograeidae Bythograea_laubieri
ythograeidae_ )gh(_)g[a_ea_mmr(_)ps _
: . Dairoididae_Dairoides_kusei
r Trichopeltariidae_Trichopé€ltarion_naobile
Vultocinidae_Vultocinus_anfractus

- Dacryopilumnidae_Dacryopilumnus_rathbunae
Oziidae_Epixanthus_frontalis
Oziidae_Epixanthus_sp

Oziidae_Lydia_annulipes
Oziidae Ozius rugulosus
Oziidae _Epixanthus_tenuidactylos
Oziidae_Ozius_reticulatus . , _ _
Polybiidae Parathranites_orientalis
_ Portunidae_Charybdis_feriafa
Portunidae_Thalamita_prymna _
Portunidae_Scylla “paramamosain
Portunidae_Portunus_pelagicus
, Portunidae_Portunus_sayi
Platyxanthidae Platyxanthus “orbignyi
Tetrallidae Tefralia "glaberrima _
Calappidae "Acanthocarpus_alexandri
Calappidae_Cycloes_granulata = .
Calappidae Calappa_philargius
Calappidae_Calappa_calappa
Euryplacidae_Frevillea_barbata
Euryplacidae Eucrate crenata
Euryplacidae Eucrate alcocki
o Euryplacidae_Eucrate_sp
Menippidae_Myomenippe_hardwickii
enippidae_Menippe Trumphii
Aethridae_Hepatus_epheliticusland2
Matutidae Mafuta_planipes
Matutidae I\/_Ia_tJta_sép _ _
Dotillidae”Scopimera_bitympana
Dotillidae_Scopimera_proxima
Dotillidae _Scopimera_intermedia
» Dotillidae Tmethypocoelis_ceratophora
Leucosiidae_Pyrhila_syndactyla
Leucosiidae Pyrhila_carinata” _
Pseudoziidae Euryozius_camachoi
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Leucosiidae Ebalia_tuberculosa . _ _
Leucosiidae_Praebebalia longidactyla
Cyclodorippidae_Tymolus_japonicus _ _
: _Xenolght_ﬁa midae Xenophthalmus_pinnotheroides
— Dotillidae_Dotilla_myctiroides
Dotillidae Doaotilla_wichmanni
_ Tanaochelidae "TanaoCheles_bidentata
Pilumnidae_Pilumnus_dasypodus o
Pilumnidae_Lobopilumnus_agassizii
Pilumnidae "Danielum_ixbauchac
Galenidae_Galene_bispinosa
Pilumnidaé_ Heteropanope_glabra
Pilumnidae "Pilumnus_vespertilio _
== Pilumnidae_Pilumnus_longicornis
o Pilumnidae_Tiaramedon_spinosum
Carpilidae Carpilius_convexus
_ Carpiliidae_Carpilius_maculatus
Pilumnoididae_Pilumnoides nudifrons
: Orithyiidae_Orithyia_sinica
Trichodactylidae_Trichodactylus dentatus. .
Trichodactylidae_ Fredilocarcinus_apyratii
Trichodactylidae_Valdivia_serrata o _
Cyclodorippidae_Corycodus_disjunctipes
Cyclodorippidae_Corycodus_sp _
— Dorippidae_Dorippe_quadridens
Dorippidae_Heikeopsis_japonica
Dorippidae _Paradorippé_granulata
Cymonomidae_Cymonomus_sp .
Cgmonomldae_c monomus_diogenes
monomidage Cymonomus_quadratus
: thusidae_Efhusa_sexdentata
Ethusidae_Ethusina_abyssicola
Parthenopidae_Leiolambrus_punctatissimus
Parthenopidae Ochtholambrus_excavatus
Parthenopidae Cryptopodia_fornicata
Parthenopidae_Parthenope _longimanus
B . Parthenopidae Rhinolambrus “sp
= Majidae_Schizophrys_aspera
Maj|d_ae_M%a_brachydactglla_ourdata
Oregoniidae_Chi anneri

~_Chionoeceétes
Oregoniidae Hyas _lyratus _
ajidae_Maiopsis_panamensis

Inachidae Coryrhynchus _riisei
Inachidae_Ericerodés_veleronis
Inachgididae _Anasimus_latus

Inachoididae Collodes _granosus
o Inachoididae Arachnopsis_Tilipes
Epialtidae_Taliepus_dentatus - _
Eé)laltldae_Pugettla_n|pponenS|s
pialtidaé_ Pugettia_sp _
Epialtidae_Lubinia_dubia -
Epialtidae _Pisoides edwardsii
== [Epiallidae_Nofolopas_mexicanus
Epialtidae_Stendcionops_ovatus
Igla_tltm_lae_Macro_c;oeloma_camptocerum
pialtidae_Chorinus_hergs .
o Epialtidae_Leptopisa_setirostris
Epialtidae Hyastenus_sp
pialtidae_Doclea_canalifera
Epialtidae_Doclea japonica
Mithracidae Mithraculus_coryphe
Mithracidae Mithraculus_forceps

Mithracidae_Microphrys branchialis
Mithracidae Pitho aculeata
_ Mithracidae_Teleophrys_ornatus
= Mithracidae Ala cornuta
Mithracidae Thoe erosa
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OUT_Hippidae Hippa_adactyla
OUT_Diogenidae_Clibanarius_virescens
OUT_Munididae_Munida_albiapicula
OUT _Porcellanidae_Petrolisthes_japonicus
OUT _Lithodidae_Neolithodes_nipponensis
OUT _Kiwaidae Kiwa_hirsuta
Homolidae Lamoha_murotoensis
Homolidae_Lamoha_longirostris
Homolidae _Homologenus malayensis
Homolidae _Paromolopsis_boasi
Homolidae_Homola_orientalis
Latreillidae_Eplumula_phalangium
Dynomenidae_Metadynomene_tanensis
Dynomenidae_Dynomene_praedator
Dromiidae_Conchoecetes_artificiosus
Dromiidae_Lauridromia_dehaani
Dromiidae_Lewindromia_unidentata
Cyclodorippidae_Corycodus_disjunctipes
Cymonomidae_Cymonomus_diogenes
Cymonomidae Cymonomus_sp
Raninidae_Ranina_ranina
Lyreididae_Lyreidus_tridentatus
Lyreididae_Lysirude_griffini
Potamonautidae_Potamonautes_perlatus
Potamonautidae_Platythelphusa_armata
Potamonautidae _Potamonautes_subukia
Gecarcinucidae_Ceylonthelphusa_sp
Gecarcinucidae_Somanniathelphusa_cf_zanklon
Gecarcinucidae_Somanniathelphusa_sp
Gecarcinucidae_Parathelphusa_sp
Gecarcinucidae_Parathelphusa_pantherina
Gecarcinucidae_Syntripsa_flavichela
Potamidae Potamon_fluviatile
Potamidae_Potamon_persicum
Potamidae_Isolapotamon_griswoldi
Potamidae_Johora_tiomanensis
Potamidae_Cryptopotamon_anacoluthon
Potamidae_Nanhaipotamon_hongkongense
Pinnotheridae_Arcotheres_sp
Pinnotheridae_Nepinnotheres_cf_affinis
Glyptograpsidae_Glyptograpsus_jamaicensis
Glyptograpsidae_Platychirograpsus_spectabilis
Percnidae_Percnon_planissimum
Percnidae_Percnon_affine
Percnidae_Percnon_affine _ourdata
Cryptochiridae_Dacryomaia_sp
Sesarmidae_Perisesarma_bidens
Sesarmidae_Parasesarma_affine
Sesarmidae_Nanosesarma_minutum
Dotillidae_Dotilla_myctiroides
Dotillidae_Dotilla_wichmanni
Dotillidae_Scopimera_bitympana
Dotillidae_Scopimera_proxima
Dotillidae_Scopimera_intermedia
Dotillidae_Tmethypocoelis_ceratophora
Gecarcinidae_Gecarcoidea_lalandii
Gecarcinidae_Gecarcoidea_natalis
Plagusiidae_Plagusia_squamosa
Gecarcinidae_Cardisoma_crassum
Gecarcinidae_Tuerkayana_hirtipes
Xenograpsidae_Xenograpsus_testudinatus
Grapsidae_Metopograpsus_frontalis
Grapsidae_Metopograpsus_quadridentatus
Grapsidae_Grapsus_albolineatus
Grapsidae_Pachygrapsus_plicatus
Macrophthalmidae_Chaenostoma_boscii
Macrophthalmidae_Macrophthalmus_erato
Macrophthalmidae_Macrophthalmus_definitus
Varunidae_Gaetice_depressus
Varunidae Metaplax_longipes
Varunidae_Eriocheir_japonica
Varunidae_Hemigrapsus_penicillatus
Mictyridae_Mictyris_brevidactylus
Mictyridae_Mictyris_longicarpus
Ocypodidae_Ocypode_ceratophthalmus
Ocypodidae_Ocypode_sinensis
Ocypodidae_Austruca_lactea
Ocypodidae_Gelasimus_borealis
Ocypodidae_Paraleptuca_crassipes
Pseudothelphusidae Epilobocera_sinuatifrons
Pseudothelphusidae Ptychophallus_sp
Pseudothelphusidae Potamocarcinus_sp
Pseudothelphusidae_Ptychophallus_montanus
Retroplumidae_Retropluma_denticulata
Orithyiidae_Orithyia_sinica
Trichodactylidae_Trichodactylus_dentatus
Trichodactylidae_Fredilocarcinus_apyratii
Trichodactylidae Valdivia_serrata
Chasmocarcinidae_Megaesthesius_yokoyai
Belliidae_Acanthocyclus_albatrossis
Belliidae_Acanthocyclus_hassleri
Tanaochelidae_Tanaocheles_bidentata
Pilumnidae_Pilumnus_longicornis
Pilumnidae_Pilumnus_vespertilio
Galenidae_Galene_bispinosa
Pilumnidae_Heteropanope glabra
Portunidae_Scylla_paramamosain
Portunidae_Portunus_pelagicus
Portunidae_Charybdis_feriata
Portunidae_Thalamita_prymna
Ethusidae Ethusa sexdentata
Calappidae_Calappa_philargius
Matutidae Matuta_planipes
Matutidae Matuta_sp
Euryplacidae_Eucrate crenata
Euryplacidae_Eucrate_alcocki
Euryplacidae Eucrate sp
Parthenopidae Cryptopodia_fornicata
Parthenopidae Parthenope_longimanus
Corystidae_Gomeza_bicornis
Corystidae_Jonas_distinctus
Epialtidae_Pugettia_nipponensis
Epialtidae_Pugettia_sp
Mithracidae Mithraculus_coryphe
Mithracidae Mithraculus_forceps
Epialtidae_Tiarinia_sp
Epialtidae_Doclea_ canalifera
Epialtidae_Doclea_japonica
Dorippidae_Dorippe_quadridens
Dorippidae_Heikeopsis_japonica
Dorippidae_Paradorippe_granulata
Leucosiidae_Pyrhila_carinata
Leucosiidae Arcania_cornuta

Leucosiidae_Tokoyo_eburnea
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Goneplacidae_Carcinoplax_longimana
Goneplacidae_Carcinoplax_purpurea
Panopeidae_ Panopeus_herbstii
Xanthidae Lybia_tessellata
Xanthidae Xantho_pilipes
Xanthidae_Palapedia_cf _nitida
Xanthidae_Atergatis_floridus
Xanthidae_Atergatis_integerrimus
Xanthidae_Demania_scaberrima
Xanthidae Actaeodes cf tomentosus
Xanthidae_Novactaea bella
Carpiliidae_Carpilius_convexus
Carpilidae_Carpilius_maculatus
Menippidae_Menippe_rumphii
Trapeziidae_Trapezia_septata
Trapeziidae_Trapezia_tigrina
Scalopidiidae_Scalopidia_spinosipes
Eriphiidae_Eriphia_scabricula
Eriphiidae_Eriphia_smithii
Vultocinidae_Vultocinus_anfractus
Oziidae_Epixanthus_frontalis
Oziidae_Epixanthus_sp
Oziidae_Lydia_annulipes
Oziidae_Ozius_rugulosus
Mathildellidae Mathildella_rubra
Bythograeidae Bythograea laubieri
Bythograeidae Bythograea_ microps
Trapeziidae_Philippicarcinus_oviformis
Bythograeidae _Gandalfus_puia
Pseudocarcinidae_Pseudocarcinus_gigas
Cancridae_Anatolikos_japonicus
Cancridae_Metacarcinus_magister
Polybiidae Parathranites_orientalis
Ovalipidae_Ovalipes_punctatus
Ovalipidae_Ovalipes_stephensoni
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OUT _Hippidae Hippa_ adactyla
OUT _Diogenidae_Clibanarius_virescens
OUT_Munididae_Munida_albiapicula
OUT _Porcellanidae_Petrolisthes_japonicus

OUT _Lithodidae_Neolithodes_nipponensis
OUT _Kiwaidae_ Kiwa_hirsuta
Cyclodorippidae_Tymolus_brucei
Cyclodorippidae_Corycodus_disjunctipes
Cymonomidae_Cymonomus_diogenes
Cymonomidae_Cymonomus_sp
Dynomenidae_Metadynomene_tanensis
Dynomenidae_Hirsutodynomene_ursula
Dromiidae_Conchoecetes_artificiosus
Dromiidae_Lauridromia_dehaani
Dromiidae_Lewindromia_unidentata
Raninidae_Ranina_ranina
Lyreididae_Lyreidus_tridentatus
Lyreididae_Lysirude_griffini
Homolidae_Lamoha_longirostris
Homolidae _Lamoha_murotoensis
Homolidae _Homologenus_malayensis
Homolidae Paromolopsis_boasi
Homolidae_Homola_orientalis
Latreillidae_Latreillia_elegans
Latreillidae_Eplumula_phalangium

Xenograpsidae_Xenograpsus_testudinatus
Dotillidae_Doaotilla_myctiroides

Dotillidae_Scopimera_bitympana
Dotillidae_Scopimera_proxima
Dotillidae_Scopimera_intermedia
Dotillidae_Tmethypocoelis_ceratophora
Gecarcinidae_Cardisoma_crassum
Gecarcinidae_Tuerkayana_hirtipes
Gecarcinidae_Gecarcoidea_lalandii
Gecarcinidae_Gecarcoidea_natalis
Varunidae Gaetice depressus
Varunidae_Metaplax_longipes
Varunidae_Eriocheir_japonica
Varunidae_Hemigrapsus_penicillatus
Mictyridae_Mictyris_brevidactylus
Mictyridae_Mictyris_longicarpus

Pinnotheridae_Arcotheres_sp

Pinnotheridae_Nepinnotheres_cf_affinis
Pinnotheridae_Holothuriophilus_pacificus

Pinnotheridae_Pinnaxodes_chilensis
Corystidae_Jonas_distinctus

Sesarmidae_Parasesarma_affine
Sesarmidae_Perisesarma_bidens
Plagusiidae_Plagusia_squamosa
Percnidae_Percnon_planissimum
Percnidae_Percnon_affine
Percnidae_Percnon_affine_ourdata
Ocypodidae_Gelasimus_borealis
Ocypodidae_Paraleptuca_crassipes
Ocypodidae_Ocypode_ceratophthalmus
Ocypodidae_Ocypode_sinensis
Glyptograpsidae Glyptograpsus_jamaicensis
Glyptograpsidae_Platychirograpsus_spectabilis
Grapsidae_Metopograpsus_frontalis
Grapsidae_Metopograpsus_quadridentatus
Grapsidae_Grapsus_albolineatus
Grapsidae_Pachygrapsus_plicatus
Retroplumidae_Retropluma_denticulata
Hymenosomatidae_ Hymenosoma_orbiculare
Orithyiidae_Orithyia_sinica
Trichodactylidae_Trichodactylus_dentatus

Trichodactylidae_Fredilocarcinus_apyratii
Trichodactylidae_Valdivia_serrata

Pseudothelphusidae Epilobocera_sinuatifrons
Pseudothelphusidae Potamocarcinus_sp
Pseudothelphusidae Ptychophallus_montanus
Pseudothelphusidae_Ptychophallus_sp
Chasmocarcinidae _Megaesthesius_yokoyai
Belliidae_Acanthocyclus_albatrossis
Belliidae_Acanthocyclus_hassleri
Potamonautidae_Platythelphusa _armata
Potamonautidae_Potamonautes_subukia
Potamidae_Potamon_fluviatile
Potamidae_Potamon_persicum
Potamidae_Cryptopotamon_anacoluthon
Potamidae_Nanhaipotamon_hongkongense
Potamidae_Johora_tiomanensis
Potamidae_Isolapotamon_griswoldi
Gecarcinucidae_Gubernatoriana_gubernatoris
Gecarcinucidae_Ceylonthelphusa_sp
Gecarcinucidae_Somanniathelphusa_cf zanklon
Gecarcinucidae_Somanniathelphusa_sp
Gecarcinucidae_Syntripsa_flavichela
Gecarcinucidae_Parathelphusa_pantherina
Gecarcinucidae_Parathelphusa_sp
Oregoniidae_Hyas_lyratus
Majidae_Maiopsis_panamensis
Epialtidae_Chorinus_heros
Epialtidae_Taliepus_dentatus
Epialtidae_Pugettia_nipponensis
Epialtidae_Pugettia_sp
Epialtidae_Pisoides_edwardsii
Epialtidae_Lubinia_dubia
Epialtidae_Stenocionops_ovatus
Epialtidae_Tiarinia_sp
Epialtidae_Hyastenus_sp
Epialtidae_Doclea_canalifera
Epialtidae_Doclea_japonica
Mithracidae_Pitho_aculeata
Mithracidae_Ala_cornuta
Mithracidae_Teleophrys_ornatus
Mithracidae Thoe erosa
Mithracidae Mithraculus_coryphe
Mithracidae Mithraculus_forceps
Euryplacidae_Frevillea_barbata
Euryplacidae Eucrate crenata
Euryplacidae Eucrate alcocki
Euryplacidae_Eucrate_sp
Goneplacidae_Carcinoplax_longimana
Goneplacidae _Carcinoplax_purpurea
Cheiragonidae_Telmessus_cheiragonusland?2
Aethridae_Hepatus_epheliticusland2
Calappidae_Calappa_philargius
Calappidae_Acanthocarpus_alexandri
Calappidae_Cycloes_granulata
Dairidae_Daira_americana
Carpiliidae_Carpilius_convexus
Carpiliidae_Carpilius_maculatus
Parthenopidae_Parthenope_longimanus
Parthenopidae Rhinolambrus_sp
Parthenopidae_Ochtholambrus_excavatus
Parthenopidae_Cryptopodia_fornicata

Parthenopidae_Leiolambrus_punctatissimus
Menippidae Menippe_rumphii
Cancridae_Anatolikos_japonicus
Cancridae_Metacarcinus_magister

Dorippidae_Dorippe_quadridens
Dorippidae_Heikeopsis_japonica

Dorippidae_Paradorippe_granulata
Pseudocarcinidae _Pseudocarcinus_gigas

Pseudocarcinidae_Pseudocarcinus_gigas_ourdata
Polybiidae Parathranites_orientalis

Thiidae_Thia_scutellataland?2
Geryonidae_Chaceon_sp

Ovalipidae_Ovalipes_punctatus
Ovalipidae_Ovalipes_stephensoni
Iphiculidae_Iphiculus_convexus
Leucosiidae_Arcania_cornuta

Leucosiidae Randallia_bulligera
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Leucosiidae_Praebebalia longidactyla
Leucosiidae_Ebalia_tuberculosa
Leucosiidae_Tokoyo eburnea

Leucosiidae_Urashima_pustuloides
Oziidae_Epixanthus_frontalis

Oziidae_Epixanthus_sp
Oziidae_Lydia_annulipes
Oziidae_Ozius_rugulosus
Vultocinidae Vultocinus_anfractus
Progeryonidae_Rhadinoplax_micropthalmus
Trapeziidae_Philippicarcinus_oviformis
Eriphiidae_Eriphia_scabricula
Eriphiidae_Eriphia_smithii
Scalopidiidae_Scalopidia_spinosipes
Mathildellidae Mathildella_rubra
Trapeziidae_Trapezia_septata
Trapeziidae_Trapezia_tigrina
Pilumnidae_Pilumnus_vespertilio
Galenidae_Galene_bispinosa
Pilumnidae_Pilumnus_longicornis
Pilumnidae_Danielum_ixbauchac
Pilumnidae _Heteropanope_glabra

Tanaochelidae_Tanaocheles_bidentata
Panopeidae Panopeus_herbstii

Pseudorhombilidae_Nanoplax_xanthiformis
Pseudorhombilidae_Lophoxanthus_lamellipes
Pseudorhombilidae_Pseudorhombila_quadridentata
Pseudorhombilidae_Trapezioplax_tridentata
Xanthidae_Carpoporus_papulosus
Xanthidae_Edwardsium_lobipes
Xanthidae Lybia_tessellata
Xanthidae_Paraxanthus_barbiger
Xanthidae_Atergatis_integerrimus
Xanthidae_Xanthias_canaliculatus
Xanthidae_Platyactaea_dovii
Xanthidae_Actaea_bifrons
Xanthidae_Atergatis_floridus
Xanthidae Palapedia_cf nitida
Xanthidae_Xantho_pilipes
Xanthidae_Demania_scaberrima
Xanthidae Actaeodes cf tomentosus
Xanthidae Novactaea bella
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I 100/45.5/69.43

OUT_Hippidae Hippa_adactyla
OUT _Diogenidae_Clibanarius_virescens

OUT_Munididae_Munida_albiapicula
OUT_Porcellanidae_Petrolisthes_japonicus

OUT _Lithodidae Neolithodes_nipponensis

ouT Klwaldae Klwa hirsuta

100742248

97/5

100/45.45/51.11

i

idae_Metadynomene_tanensis
menidae_Hirsutodynomene_ursula
9pepidae_Dynomene_praedator

99/40/3312.
T00/60/PFomil
542727125,

62/18.18/31.39

66/16. B 63#'
Homolidae Lamoha murotoensis
9Igl§)molldae Lamoha_longirostris

omo |d§%H

1
58/14.29/
54/15/62.53 69/3 : é
94/40.91 38 0 R—

88/5(’%ﬁrgﬂ/%ﬁ{gﬁ"@}i

Dynomenidae_Dynomene_hispida

Dromiidae_Sphaerodromia_sp
idae_Lauridromia_dehaani
g)jomudae Conchoecetes artificiosus

Dromiidae Lewmdromla unidentata
|?d°’ae Morelradromla antillensis

omolidae_Homola_orientalis
olidae_Paromolopsis_boasi
omologenus_malayensis
_Homologenus_rostratus
Homolidae_Paromola_japonica
lidae Eplumula_phalangium
Latreillia_valida
dae Latreillia_elegans
Raninidae_Ranina_ranina

82/10/25.34

2120 0F§an|n

100/45.45/69.43

100/71.43/41.77
100/50/56, e

dae Lyreidus_tridentatus
100/[@%%%% Lysirude_griffini

Raninidae_Raninoides_benedicti

Raninidae_Ranilia_muricata

idae_Cosmonotus_grayii
lodorippidae_Tymolus_brucei

I 100/13.33/76.87

100@8 gg:)‘sf pidae_Tymolus_japonicus

67/26.67/27.85

I ippidae_Corycodus_disjunctipes
. %%'ggldae Corycodus_sp
dae_Cymonomus_sp

dlwé%%dae Cymonomus_diogenes
— jonomidae_Cymonomus_quadratus

1 99/66.67//15.06

97/9§09/42.59

92/0/49.14

95/30.77/29.86

76/18.18/31.7

=1 86/4.55/32.55

100/100/90.4

Hymenosomatidae Hymenosoma_orbiculare
Hymenosomatidae Neorhynchoplax_bovis

100/100/62.97

Deckeniidae_Seychellum_alluaudi
Potamaonautidae_Platythelphusa_armata
Potamonautidae _Potamonautes_perlatus
Potamonautidae_Rotundopotamonautes_subukia
Potamidae_Potamon_fluviatile
Potamidae_Potamon_persicum
Potamidae Cryptopotamon_anacoluthon
Potamidae_Nanhaipotamon_hongkongense
Potamidae_Johora_tiomanensis
Potamidae_Isolapotamon_griswoldi
Gecarcinucidae_Gubernatoriana_gubernatoris
§m Barytelphusa_sp
¢ _Barytelphusa_cunicularis
§{g§UC|dae Cdeylorghelﬁh%sa} ﬁp
carcinucidae_Spiralothelphusa_senex
95/30.77/45.42 Zﬁh Sor%annlathglphusa cf_zanklon
cinucidae_Somanniathelphusa_sp

1%; cidae_Syntripsa_flavichela
Arein

68/14.2

100/30.77/%8

100/13.64/31.31

66/4.55/40.46

100/9.09/64.84

e Parathelphusa_pantherina
idaeé_Parathelphusa_ sp
Woé‘@)g%ograpgdae _Glyptograpsus_jamaicensis
grapsidae_Platychirograpsus_spectabilis
Ocypodidae_Ocypode_ceratophthalmus
Ocypodldae Ocypode_sinensis
Qcypodidae Austruca_lactea
Ocypodidae_Gelasimus_borealis
92/4.55/37 .85 Ocypodidae Paraleptuca_crassipes

Pinnotheridae _Arcotheres_sp
96/0/52.71

_I 79/5.56/52.75

40/0/54.01

30/0/26 .11

98§ .55/67.75

65/0/53.48

54/07122789

94/4.55/43.95

51/10/78.6

62/4.55/61.94

6

100/15/55.42

—

88/0/31.62

80/0/39.9)

100/0/26.77

- 84/16. 6768

[

77/0/22.52

76/0/40.47

Pinnotheridae_Nepinnotheres_cf _affinis
Pinnotheridae_Rathbunixa_pearsei
Pinnotheridae Scleroplax_tubicola
hiridae_Dacryomaia_sp
89 &Qyé%{g)%ldae Fungicola_fagei
Metopograpsus frontalis
e Metopograpsus_quadridentatus
202020 Grapsidae_Pachygrapsus_plicatus
Plagusiidae_Davusia_glabra
Mictyridae Mictyris_brevidactylus
Mictyridae Mictyris_longicarpus
Macrophthalmidae _Macrophthalmus_erato
100/20/19 52 Macrophthalmidae _Macrophthalmus_definitus
O6/3L, 58/%9[?;
Afdae, Eriocheir_japonica
2~ Hemigrapsus_penicillatus
O% ) ?ér% Cardisoma_crassum
ecarcinidae_Cardisoma_guanhumi
Dotillidae_Dotilla_myctiroides
Dotillidae_Datilla_wichmanni
Dotillidae_Tmethypocoelis_ceratophora
dae _Armases_cinereum
Parasesarma_eumolpe
Epiioboceridae_Epilobocera_gilmanii
Pseudothelphusidae Potamocarcinus_sp
Orithyiidae_Orithyia_sinica
Trichodactylidae_Trichodactylus_dentatus
Chasmocarcinidae_Megaesthesius_yokoyai
Chasmocarcinidae_Chasmocarcinus_mississippiensis
idae_Chionoecetes_tanneri
idae_Hyas_lyratus

Pinnotheridae Holothuriophilus_pacificus
Pinnotheridae_Scleroplax_schmitti
e Percnon_planissimum
51/4.55/29.82 moggg
apsidae_Metopograpsus_messor
jidae_Euchirograpsus_americanus
907455724371 Heloeciidae_Heloecius_cordiformis
Macrophthalmidae _Chaenostoma_boscii
nidae_Hemigrapsus_crenulatus
|dae Gecarcinus_lateralis
Dotillidae_Scopimera_bitympana
e _Parasesarma_affine
9% erlsesarma bidens
Pseudothelphusidae _Raddaus_orestrius
Trichodactylidae Fredilocarcinus_apyratii
Chasmocarcinidae_ ‘Chasmocarcinus_chacei
|87/O I M%Iggg _Maja_brachydactyla

okt

100/25/69.43

100/106]/3%(”@%h

Hymenosomatidae Amarinus_paralacustris

osomatidae Elamena_producta
atidae_Halicarcinus_cookii
tldae “Halicarcinus_innominatus

Xenophthalmidae_Xenophthalmus_pinnotheroides

7100760738 .4 Inachidae_Coryrhynchus_riisei

Pinnotheridae_Pinnaxodes_chilensis
L i enoorasus Tostudinatus
rcnon_affine
e 27/44 e Pachygrapsus_marmoratus
Plagusiidae_Plagusia_squamosa
Macrophthalmidae_Macrophthalmus_setosus
nidae_Metaplax_longipes
nidae_Cyclograpsus_cinereus
e Gecarcoidea_lalandii
Dotillidae_Scopimera_proxima
Parasesarma _pictum
Retroplumldae Retropluma_denticulata
PSeudothelphusidae_Ptychophallus_montanus
Trichodactylidae_Valdivia_serrata
_ a%_Hyas araneus
Maja_brachydactyla ourdata
I—|84/16.67

I 100/60/37.97

Inachidae_Ericerodes_veleronis
choididae_Collodes_granosus
Lo 33%@ Inachoididae_Arachnopsis_filipes

Pinnotheridae_Pinnixa_cylindrica
I 99/100/78 97 Cryptochiridae_Hapalocarcinus_marsupialis
rcnon:affine_ourdata
75§r I bGrapS|dae Grapsus_albolineatus
[ 58 2S'l(?gae_M|erS|ograpsus_k|ngsIey|
Macrophthalmidae Macrophthalmus_telescopicus
idae_Gaetice _depressus
GecarC|n|eIae ~Tuerkayana_ hirtipes
ae Gecarcoidea_natalis
Dotillidae_Scopimera_intermedia
esarmidae_Nanosesarma_minutum
Eniloboceridae Epilobocera_sinuatifrons
Pseudothelphusidae_Ptychophallus_sp
—————— | A oastios. hasaon
" Oregonia_gracilis
Majidae_Schizophrys_aspera
99/14.29/20.05

Majidae_Maiopsis_panamensis
pialtidae_Taliepus_dentatus
96/2?)/2% gg 65 Epialtidae_Rochinia_sp
: Qlﬁ%i ettia_nipponensis
ettla _Sp
plaltldae P|30|des edwardsii

82/20/13.98
100/20/49.56

) Eg&ae Libinia_sp _
T3728 57/54 altidae _Notolopas_mexicanus

JACIEES %9 zaﬁtlalae Stenomonops ovatus

69/28. 7/283 @P{lé%g horinus_heros

85/18.75/30.91 eptopisa_setirostris
Epialtidae_Tiarinia_sp

—Lllwméﬁ altidae_Hyastenus_sp
94/18.18/36 @Z&g%g ABzglea_canalifera
84/12.5/29 87 ti lea_canalifera2
- =ST03 2Mlthramd_ae_TeI_eophrys_ornatus o
Wlej[hramdae_M[crophrys_branchlalls

e\ ithracidae Pitho_aculeata

' § idae_Mithraculus_coryphe
idae_Mithraculus_forceps

“Mithracidae_Thoe_erosa

acidae Ala_cornuta
racidae_Mithrax_hispidus

mnoididae_Pilumnoides_nudifrons
BRidocarcinidae Pseudocarcinus _gigas

Pseudocarcinidae_Pseudocarcinus_gigas_ourdata

Dalra americana

aira_perlata

Menippidae_Menippe_rumphii
Meniopidae Myomenippe_fornasinii
63/0/61.14 |V|en|pp|dae_Myomenlppe_hardW|ck||
cldopsidae_Acidops_sp
100g0é§31£369£/ Pseudoziidae_Euryozius_camachoi
%gg ae _Carpilius_corallinus
= e _Carpilius_maculatus
Qvalinidae .Ovalipes_stephensoni
Ovnlmldae _Ovalipes_punctatus
Geryonidae Raymanninus_schmitti
Geryonidae_Chaceon_mediterraneus
beryonldae Chaceon_sp
Portunidae_Portunus_sayi
Portunidae_Scylla_paramamosain
Portunidae Charybdis_feriata
Carcinidae_Parathranites_orientalis
Carcinidae_Carcinus_maenas
Carcinidae_Portumnus_latipes

Acidopsidae_Acidops_fimbriatus
e_Carpilius_convexus
()vallpldae Ovalipes_iridescens
Portunidae, Portunus_pelagicus
Portunidae_Thranita_prymna
Thiidae_Thia_scutellataland2

33/33 BT Inachoididae Inac

Inachoididae_Aepinus_septemspinosus
hoides_laevis
Inachoididae_Anasimus_latus

Epialtidae_Macrocoeloma_camptocerum

Polybiidae_Bathynectes_longispina

Paolyhiidae_Liocarcinus_depurator
Poiyblidae_Necora puber
Dairoididae_Dairoides_kusei
rihenopidae_Parthenope_longimanus
1001/2(; 212}/33% rthenopidae Rhinolambrus_sp
e 25/40%3 enopidae_Ochtholambrus_excavatus
arthenopidae _Cryptopodia_fornicata
/8/12.5/17. 1%?
Parthenopidae_Leiolambrus_punctatissimus
dae Hepatus_epheliticusland2
I\/Iafuf!dae Matuta_sp
Matltidae” Ashtoret_lunaris
Matutidae _Matuta_planipes

86/0/46.5

36/0/39.81 -
100/16 .67/ 19

95/0/57.0Y

33/0/36.04

—|48/4.55/41.31

Calappidae_Cycloes granulosa
Calappidae_Calappa_philargius
Calappidae_Calappa_calappa

Calappidae_Acanthocarpus_alexandri

Calappidae Mursia_sp2

Calappidae iursia_spl

100/60/§E)°§é stidae_Gomeza_bicornis

b 56/25/5

37/0/47.18

| 91/6.67/55.6 orystldae Jonas distinctus
ae_Cancer_borealis
husa sexdentata

63/0/8.82

87/5.26/30.66|

95/0/38.

88/4.55/32.75 ]
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67/7.69/27.

100/27.78/62.59

82/0/32.52

95.5.56/82.58

H}telragonldae Telmessus_cheiragonusland?
Corystidae_Corystes_cassivelaunus
I_10(9 ?ﬂ'
75/ |dae _Anatolikos_japonicus
crldae Cancer_pagurus
Ethusidae Parethusa_sp
100/41.18/48.44

etacarcinus_magister
eITicicmekc)) Ethusidae_Ethusina_abyssicola
7o 72/100&@“7‘%"1&9 Et
100/55/24

70/0/39.76 .. :
Leucosiidae_Pyrhila_sp

Leucosiidae_Pyrhila_carinata
|eucaosiidae_Ebalia_tuberculosa

Dorippidae_Dorippe_quadridens
Dorlppldae Heikeopsis_japonica

/P&g%f aradorippe_granulata
orippidae_Paradorippe_australiensis

Leucosiidae _Praebebalia_longidactyla

L.eucosiidae_Tokoyo eburnea
Leucosiidae_Urashima_pustuloides
Iphiculidae_Iphiculus_convexus
L euicosiidae_Arcania_cornuta

Leucosiidae_Randallia_bulligera

Conleyidae _Conleyus_sp
98/1 I? onldae _Rhadinoplax_micropthalmus
20 aeidae_Gandalfus_puia
5 eldae ~Austinograea_spland2
yt ograeldae _Austinograea_hourdezi
e

hopeltariidae_Trichopeltarion_nobile
Vultocinidae_Vultocinus_anfractus
Euryplacidae_Frevillea_barbata

63/0/73.

Euryplacidae Eucrate_crenata
Euryolacioae Eucrate_alcocki

Euryplacidae_Eucrate_sp
67/9.09/33.

holder for this preprint
n perpetuity. It is made

c

oo

thiIdeIIidae_MathiIdeIIa_rubra
Eriphiidae -Eriphia_scabricula
Eriphiidae_Eriphia_smithii
43/0/67.89 I:rlpnudae Eriphia_verrucosa
Jal lidae_Philippicarcinus_oviformis
50/2 ||dae ~Trapezia_rufopunctata
00/ e ~Trapezia_digitalis
100 dae_Trapezia_septata
||dae ~Trapezia_tigrina
acryopllumnldae Dacryopilumnus_rathbunae
66/16.67/28 4¢ lae, Epixanthus_frontalis
Qziidae Epixanthus_sp
Qziidae Lydia_annulipes
Qziidae” Ozius_rugulosus
Oziidae Epixanthus_tenuidactylos
26/0/5585 Oziidae_Ozius_reticulatus
23/0/58.83 Pseudoziidae_Pseudozius_caystrus
100/65’)@6@nth|dae Platyxanthus_orbignyi
Tetraliidae_Tetralia_glaberrima
23/0/7.08 Tanaochelidae_Tanaocheles_bidentata
Rilumnidae Danielum_ixbauchac
Pilumnidae_Lobopilumnus_agassizii
Pilumnidae_Pilumnus_dasypodus
Pilumnidae_Pilumnus_vespertilio
Galenidae _Galene_bispinosa
Pilumnidae_Heteropanope_glabra
Pilumnidae_Pilumnus_longicornis
Pilumnidae_Tiaramedon_spinosum
Hypothalassudae Hypothalassia_armata
50/0/69. Ol%%,}%geldae Bythograea_laubieri
44/0/4. 51 aeidae_Bythograea_microps
Goneplacidae Carcinoplax_longimanus
(Goneplacidae _Pycnoplax_suruguensis
Goneplacidae Carcinoplax_purpurea
20/4.55/45, 7%I Goneplacidae_Neogoneplax_renoculis
atyxanthidae_Homalaspis_plana
Platyxanthldae Danielethus_patagonicus
] calopidiidae_Scalopidia_spinosipes
72120/ 91"Qiﬁ'latyxanthldae Otmaroxanthus_balboai
10(§>§§§pé{lf%|%bllldae Pseudorhombila_quadridentata
= ombilidae Trape2|oplax tridentata

3

orhombilidae Panoplax depressa

64/0/15.4 mbilidae Nanoplax xanthiformis

e _Hexapanopeus_angustifrons
|dae ~Acantholobulus_bermudensis
e _Glyptoplax_smithii

gge _Rhithropanopeus_harrisii

Dyspanopeus_sayi
Neopanope_packardii
nthldae_Lybia_tesseIIata
llactaea_lithostrota

ithid %?:arpoporus papulosus
antdid Edwardsium_lobipes

 _Xanthodius_cooksoni
~_Xanthodius _sternberghiiland?2

'.
%%

thidae Palapedla cf_nitida

idae_Cyclodius_obscurus
idae_Pilodius_areolatus

gae “Xanthias canaliculatus
S

Atergatis_floridus
_Atergatis_integerrimus
idae_Actaea_bifrons
%ﬁdae Platyactaea_dovii
thidae Paractaea_sp
idae_Demania_scaberrima
Actaeodes cf_tomentosus
Novactaea_bella

0.07
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| OUT_Hippidae Hippa_adactyla
1 OUT _Diogenidae_Clibanarius_virescens

0.71 T OUT_Klwal_dae__Kiwa_hirs_uta _ _
0.99 OUT _Lithodidae_Neolithodes_nipponensis
' OUT_Munididae_Munida_albiapicula
"OUT_Porcellanidae_Petrolisthes_japonicus
Dynomenldae Metadynomene_tanensis
Dynomenidae_Hirsutodynomene_ursula
Dynomenidae_Dynomene_hispida
L Dynomenidae_Dynomene_praedator
Dromiidae_Sphaerodromia_sp
1 Dromiidae_Lauridromia_dehaani

Dromiidae_Conchoecetes_artificiosus
— 0.99 e Dromiidae_Lewindromia_unidentata
' Dromiidae_Moreiradromia_antillensis

—  Homolidae _Lamoha_murotoensis
T Homolidae Lamoha_longirostris

Homolidae_Homola_orientalis
= O, Homolidae_Paromolopsis_boasi
tlomolldae Homologenus_malayensis

Homolidae _Homologenus_rostratus
Homolidae _Paromola_japonica
0.99 pe===Latreillidae_Eplumula_phalangium
L&@\ﬂtrelIlldae_Latrelllla_vallda
atreilliidae_Latreillia_elegans

T Raninidae_Ranina_ranina
| I Raninidae Raninoides_benedicti

1 T Lyreididae_Lyreidus_tridentatus
1 Lyreididae_Lysirude_griffini
T Raninidae_Cosmonotus_grayii

1 Ranlnldae Ranilia_muricata

e Cyclodorippidae_Tymolus_brucei
| b= Cyclodorippidae_Tymolus_japonicus
1 r ]gyclodorippidae_Corycodus_disjunctipes
I I 0.99 yclodorippidae_Corycodus_sp
' r— Cymonomidae_Cymonomus_sp
|_LCymonom|dae Cymonomus_diogenes
Cymonomidae _Cymonomus_quadratus

1 1

Hymenosomatidae  Hymenosoma_orbiculare
Hymenosomatidae Neorhynchoplax_bovis
Hymenosomatldae Amarinus_ paralacustris
1 Hymenosomatidae Elamena_producta
L_ Hymenosomatidae Halicarcinus_cookii
Hymenosomatidae_Halicarcinus_innominatus

Deckeniidae_Seychellum_aulluaudi
Potamonautidae Platythelphusa armata
Potamonautidae Potamonautes_perlatus
Potamonautidae_Rotundopotamonautes_subukia
1 Potamidae Potamon_fluviatile
0.89 Potamidae_Potamon_persicum
Potamidae_Cryptopotamon_anacoluthon
Potamidae Nanhaipotamon_hongkongense
Potamidae_Isolapotamon_griswoldi
1 Potamidae_Johora_tiomanensis
Gecarcinucidae_Gubernatoriana_gubernatoris
0.61 ecarcinucidae_Barytelphusa_cunicularis
ecarcinucidae_Barytelphusa_sp
Gecarcinucidae Ceylonthelphusa_sp
Gecarcinucidae_Spiralothelphusa_senex
J gecarcinucidae_Somanniathelphusa_cf_zanklon
¥ Gecarcinucidae_Somanniathelphusa_sp
Gecarcinucidae_Syntripsa_flavichela
gecarcinucidae_ParatheIphusa_pantherina
ecarcinucidae Parathelphusa_sp
Glyptograpsidae_Glyptograpsus_jamaicensis
b Glyptograpsidae_Platychirograpsus_spectabilis
Ocypodidae_Ocypode_ceratophthalmus
- 0.94 Ocypodidae _Ocypode_sinensis
' Ocypodidae Austruca_lactea
Ocypodidae_Gelasimus_borealis
Ocypodidae Paraleptuca_crassipes

1 . . .
Xenophthalmidae Xenophthalmus_pinnotheroides
Pinnotheridae_Arcotheres_sp
1

Pinnotheridae_Nepinnotheres_cf_affinis
Pinnotheridae _Holothuriophilus_pacificus
Pinnotheridae_Pinnaxodes_chilensis
Pinnotheridae_Pinnixa_cylindrica
Pinnotheridae_Rathbunixa_pearsei
Pinnotheridae_Scleroplax_schmitti
Pinnotheridae_Scleroplax_tubicola
Percnidae_Percnon_planissimum
ercnidae_Percnon_affine
ercnidae_Percnon_affine_ourdata
Plagusiidae_Davusia_glabra
Plagusiidae_Plagusia_squamosa
lagusiidae Euchirograpsus_americanus
gusiidae_Miersiograpsus_kingsleyi
r— Xenograpsidae Xenograpsus_ngatama
=" Xenograpsidae_Xenograpsus_testudinatus
I Cryptochiridae_Hapalocarcinus_marsupialis
= =57 Cryptochiridae_Dacryomaia_sp
0.87 Cryptochiridae_Fungicola_fagei
' Grap5|dae Pachygrapsus_marmoratus
0.9 T Grapsidae _Grapsus_albolineatus
1 Grapsidae_Pachygrapsus_plicatus
r— Grapsidae_Metopograpsus_frontalis
555 Crapsidae_Metopograpsus_messor
Grapsidae Metopograpsus_quadridentatus
d 001 Mictyridae_Mictyris_brevidactylus
Mictyridae_Mictyris_longicarpus
T Heloeciidae Heloecius_cordiformis
Macrophthalmidae _Macrophthalmus_setosus
Macrophthalmidae Macrophthalmus_telescopicus
Macrophthalmidae_Macrophthalmus_erato
Macrophthalmidae_Chaenostoma_boscii
Macrophthalmidae_Macrophthalmus_definitus
Varunidae_Cyclograpsus_cinereus
Varunidae_Gaetice_depressus
Varunidae_Hemigrapsus_crenulatus
Varunidae _Metaplax_longipes
5 Varunidae_Eriocheir_japonica
: %/arun|dae_Hem|grapsus_penlcnlatus
Gecarcinidae_Tuerkayana_hirtipes
ecarcinidae_Cardisoma_crassum
1 Gecarcinidae_Cardisoma_guanhumi
Gecarcinidae_Gecarcinus_lateralis
JGGecarcinidae_Gecarcoidea_lalandii
ecarcinidae_Gecarcoidea_natalis
l 096 Dotillidae_Doatilla_myctiroides
Dotillidae_Dotilla_wichmanni
" Dotillidae_Scopimera,_ bitympana
Dotillidae _Scopimera_proxima
Dotillidae_Scopimera_intermedia
Dotillidae_Tmethypocoelis_ceratophora
Sesarmidae_Armases_cinereum
Sesarmidae_Nanosesarma_minutum
g'éesarmldae Parasesarma_affine
S armidae_Parasesarma_pictum
Sesarmidae_Parasesarma_eumolpe
Sesarmidae_Perisesarma_bidens
Retroplumidae_Retropluma_denticulata
J 0.73 Epiloboceridae Epilobocera_gilmanii
Epiloboceridae Epilobocera_sinuatifrons
Pseudothelphusidae_Potamocarcinus_sp
Pseudothelphusidae Raddaus_orestrius
Pseudothelphusidae_ Ptychophallus_montanus
Pseudothelphusidae Ptychophallus_sp
Orithyiidae_Orithyia_sinica
— 1 Trichodactylidae_Trichodactylus_dentatus
Trichodactylidae_Fredilocarcinus_apyratii
-1 0.98 Trichodactylidae Valdivia_serrata
y Belliidae_Acanthocyclus_albatrossis
& “Belliidae_Acanthocyclus_hassleri
Chasmocarcinidae_Megaesthesius_yokoyai
Chasmocarcinidae_Chasmocarcinus_chacei
Chasmocarcinidae_Chasmocarcinus_mississippiensis
Oregonudae Hyas araneus
10regoniidae_Oregonia_gracilis
—t h I'E regoniidae_Chionoecetes_tanneri
regonudae Hyas_lyratus
I Majldae Maja_brachydactyla
| ! Majidae_Maja_brachydactyla ourdata
1

1 Majidae_Schizophrys_aspera
1 ] Inachidae_Coryrhynchus_riisei
| L Inachidae_Ericerodes_veleronis
1

= Inachoididae_Anasimus_latus
| I 0. Inachoididae_Inachoides_laevis

: Inachoididae _Aepinus_septemspinosus
—1! I—m 55T Inachoididae_Arachnopsis_filipes

Inachoididae Collodes_granosus

= 0.92

Majidae_Maiopsis_panamensis

pialtidae_Pugettia_nipponensis
1 pialtidae_Pugettia_sp
ed  0.98 557 Epialtidae_Rochinia_sp
' Epialtidae _Taliepus_dentatus

Epialtidae_Pisoides_edwardsii
Epialtidae_Libinia_sp
Epialtidae _Notolopas mexicanus
Epialtidae_Macrocoeloma_camptocerum
Epialtidae_Stenocionops_ovatus
pialtidae_Chorinus_heros
— 1 ! Epialtidae_Leptopisa_setirostris
I Epialtidae_Tiarinia_sp
] Epialtidae_Hyastenus_sp
4 o0.96 Epialtidae Doclea_canalifera
pialtidae_Doclea_canalifera2
MlthraC|dae _Microphrys_branchialis
B Mithracidae_Pitho_aculeata
: Mithracidae_Teleophrys_ornatus
T Mithracidae_Mithraculus_coryphe
Mithracidae_Mithraculus_forceps
Mithracidae_Thoe_erosa
Mithracidae Ala_cornuta
Mithracidae Mithrax_hispidus

0.74

T Dairidae_Daira_americana
Jo_nrDalrldae_Dalr_a_perlata _ )
' Menippidae_Menippe_rumphii
Menippidae_Myomenippe_fornasinii
4 0.99 Menippidae_Myomenippe_hardwickii
1 Acidopsidae_Acidops_fimbriatus
Y 0.7 Acidopsidae_Acidops_sp
] Pseudoziidae Euryozius_camachoi
1 Carpiliidae_Carpilius_corallinus
5 - arpilidae_Carpilius_convexus
arpilidae_Carpilius_maculatus
Pilumnoididae Pilumnoides_nudifrons
0.9 . Pseudocarcinidae_Pseudocarcinus _gigas
1 Pseudocarcinidae_Pseudocarcinus_gigas_ourdata
Geryonidae _Raymanninus_schmitti
Geryonidae_Chaceon_mediterraneus
Geryonidae_Chaceon_sp
Ovalipidae_Ovalipes_stephensoni
Ovalipidae_Ovalipes_iridescens
Ovalipidae_Ovalipes_punctatus
Portunidae_Portunus_pelagicus
Portunidae_Portunus_sayi
0.76 Portunidae_Scylla_paramamosain
Portunidae_Charybdis_feriata
Portunidae_Thranita_prymna
Carcinidae_Parathranites_orientalis
Carcinidae_Carcinus_maenas
Carcinidae_Portumnus_latipes
Thiidae_Thia_scutellataland2
Polybiidae Bathynectes_longispina
Polybiidae_Liocarcinus_depurator
Polybiidae_Necora_puber
Dairoididae_Dairoides_kusei

7 829 4 - ‘Parthenopidae_Parthenope_longimanus
r: Parthenopidae_Rhinolambrus_sp

Parthenopidae_Ochtholambrus_excavatus
555 Parthenopidae_Cryptopodia_fornicata
' Parthenopidae_Leiolambrus_punctatissimus
Aethridae_Hepatus_epheliticusland2

0.73
1 Matutidae Matuta_sp
I Matutidae Ashtoret_lunaris
0.78

Matutidae Matuta_planipes
Calappidae_Acanthocarpus_alexandri
Calappidae_Mursia_spl
Calappidae_Mursia_sp2
Calappidae_Cycloes granulosa
Calappidae_Calappa_calappa
Calappidae_Calappa_philargius
Cheiragonidae_Telmessus_cheiragonusland2
Corystidae_Corystes_cassivelaunus
T Corystidae_Gomeza_bicornis
Corystidae_Jonas_distinctus
: Cancridae_Cancer_borealis
| 57> + Cancridae_Metacarcinus_magister
' L@Cancndae Anatolikos_japonicus
: Cancridae_Cancer_pagurus
Ethusidae_Ethusa_sexdentata
=T Ethusidae_Ethusina_abyssicola
= 0.99 | 1071 Ethusidae_Parethusa_sp

— 0./8

—‘1

Dorippidae_Dorippe_quadridens
1 ———— Dorippidae_Heikeopsis_japonica
1_'-— Dorippidae_Paradorippe_australiensis
1Dorippidae_Paradorippe_granulata
Leucosiidae_Ebalia_tuberculosa
Leucosiidae_Praebebalia_longidactyla
Leucosiidae_Pyrhila_carinata
Leucosiidae_Pyrhila_sp
Leucosiidae_Tokoyo eburnea
Leucosiidae_Urashima_pustuloides
Iphiculidae_Iphiculus_convexus

Leucosiidae_Arcania_cornuta _ _
Leucosiidae_Randallia_bulligera

0.98

Conleyidae_Conleyus_sp
Progeryonidae_Rhadinoplax_micropthalmus
— 1 Bythograeidae Austinograea_hourdezi
1Bythograeidae_Austinograea_spland2
0.95 k= Bythograeidae Gandalfus_puia
Vultocinidae_Vultocinus_anfractus
Euryplacidae_Frevillea_barbata

Euryplacidae Eucrate crenata
Furyplacidae Eucrate_alcocki
Euryplacidae_Eucrate_sp
Mathildellidae_Mathildella_rubra
0.91 Eriphiidae_Eriphia_smithii
Eriphiidae_Eriphia_scabricula
Eriphiidae_Eriphia_verrucosa
Trapeziidae_Philippicarcinus_oviformis
Trapeziidae Trapezia_rufopunctata
Trapeziidae Trapezia_digitalis
Trapeziidae Trapezia_septata
Trapeziidae Trapezia_ tigrina
Pseudoziidae Pseudozius_caystrus
d o0 : Bythograeidae Bythograea_laubieri
' Bythograeidae Bythograea microps
] 09é—lypothalassudae Hypothalassia_armata
Trichopeltariidae_Trichopeltarion_nobile
Dacryopilumnidae_Dacryopilumnus_rathbunae
J 0.74 Oziidae_ Epixanthus_frontalis
Oziidae_Epixanthus_sp
Oziidae_Epixanthus_tenuidactylos
» 0.69 Oziidae_Ozius_reticulatus
Oziidae_Lydia_annulipes
Oziidae_Ozius_rugulosus
1 Platyxanthidae_Platyxanthus_orbignyi
I 1 Tetraliidae_Tetralia_glaberrima
0.97 Tanaochelidae_Tanaocheles_bidentata
Pilumnidae_Danielum_ixbauchac
bioRxiv preprint doi: https://doi.org/10.1101/2022.12.09.519815; this version posted December 1§, 2022. The copyright holder for this preprint Pilumnidae LObOp“UanS agaSSiZii
(which was not certified by peer review) is the g\?;mgglfgrL(:]edréyv;gg_eésYgfgtlﬁ(t:letr)rgﬁélr\]/a?Ilig::rr]fg t@ display the preprint in perpetuity. Itis made Pilumnidae Pilumnus dasypOdUS
Pilumnidae_Pilumnus_vespertilio
Galenidae_Galene_bispinosa
Pilumnidae_Heteropanope_glabra
Pilumnidae_Pilumnus_longicornis
Pilumnidae_Tiaramedon_spinosum
Goneplacidae_Carcinoplax_longimanus
Goneplacidae_Pycnoplax_suruguensis
Goneplacidae_Carcinoplax_purpurea
Goneplacidae _Neogoneplax_renoculis
Platyxanthidae_Otmaroxanthus_balboai
053 Scalopidiidae_Scalopidia_spinosipes
Platyxanthidae Danielethus_patagonicus
Platyxanthidae Homalaspis_plana
i Pseudorhombilidae_Pseudorhombila_quadridentata
Pseudorhombilidae_Trapezioplax_tridentata
Pseudorhombilidae_Lophoxanthus_lamellipes
09Slj)Dseudorhombllldae Micropanope_sculptipes
5 Pseudorhombilidae_Panoplax_depressa
O%seudorhombllldae Nanoplax_xanthiformis
seudorhombilidae_Thalassoplax_angusta
= Panopeidae Panopeus_herbstii
Panopeidae_Eurytium_limosum
Panopeidae_Malacoplax_californiensis
Panopeldae Hexapanopeus_angustifrons
Panopeldae Acantholobulus_bermudensis
anopeldae Glyptoplax_smithii
1 anopeldae Rhithropanopeus_harrisii
nope|dae_Dyspanopeus_say|
nopeidae_Neopanope_packardii
Xanthidae Lybia tessellata
Xanthidae Edwardsium_lobipes
%%anthldae Allactaea_lithostrota
anthidae_Carpoporus_papulosus
Xanthidae Paraxanthus_barbiger
0-9-7— Xanthidae Cataleptodius_floridanus
r Xanthidae_Xanthodius_cooksoni
%(anthldae Xanthodius_sternberghiiland?2
(789 Xanthidae_Williamstimpsonia_denticulatus
Xanthidae_ Xantho_pilipes
Xanthidae_Palapedia_cf nitida
'IIE Xanthidae_Cyclodius_obscurus
Xanthidae_Pilodius_areolatus
Xanthidae_Actaea_bifrons
“i 50 Xanthidae Paractaea_sp
: %(anthldae _Platyactaea_dovii
Xanthidae_Demania_scaberrima
1Xanth|dae_Ac'[aeodes_cf_tomentosus
Xanthidae _Novactaea bella
_@ Xanthidae Xanthias_canaliculatus
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Xanthidae_Atergatis_floridus
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OUT _Hippidae Hippa_adactyla
OUT _Diogenidae_Clibanarius_virescens
L OUT _Kiwaidae_ Kiwa_hirsuta
o OUT _Lithodidae_Neolithodes_nipponensis
OUT_Munididae_Munida _albiapicula
1 OUT_Porcellanidae_Petrolisthes _japonicus
Dynomenidae_Metadynomene_tanensis
Dynomenidae_Hirsutodynomene_ursula
Dynomenidae_Dynomene_hispida
Dynomenidae_Dynomene_praedator
Dromiidae_Sphaerodromia_sp
Dromiidae_Lauridromia_dehaani
Dromiidae_Conchoecetes_artificiosus
Dromiidae_Lewindromia_unidentata
Dromiidae_Moreiradromia_antillensis
Homolidae_Lamoha_murotoensis
Homolidae Lamoha_longirostris
Homolidae_Homola_orientalis
Homolidae _Paromolopsis_boasi
Homolidae_ Homologenus_malayensis
Homolidae_ Homologenus_rostratus
Homolidae Paromola_japonica
— Latreillidae_Eplumula_phalangium
- Latreillidae_Latreillia_valida
Latreillidae_Latreillia_elegans
Raninidae_Ranina_ranina
Raninidae_Raninoides_benedicti
5 6 Lyreididae_Lyreidus_tridentatus
Lyreididae_Lysirude_griffini
Raninidae_Cosmonotus_grayii
Raninidae _Ranilia_muricata
Cyclodorippidae_Tymolus_brucei
Cyclodorippidae_Tymolus_japonicus
Cyclodorippidae_Corycodus_disjunctipes
Cyclodorippidae_Corycodus_sp
Cymonomidae_Cymonomus_sp
Cymonomidae_Cymonomus_diogenes
Cymonomidae_Cymonomus_quadratus
Hymenosomatidae_ Hymenosoma_orbiculare
Hymenosomatidae Neorhynchoplax_bovis
Hymenosomatidae Amarinus_paralacustris
Hymenosomatidae Elamena_producta
Hymenosomatidae Halicarcinus_cookii
Hymenosomatidae Halicarcinus_innominatus
Deckeniidae_Seychellum_alluaudi
Potamonautidae Platythelphusa armata
Potamonautidae Potamonautes_perlatus
Potamonautidae Rotundopotamonautes_subukia
Potamidae_Potamon_fluviatile
Potamidae_Potamon_persicum
Potamidae_Cryptopotamon_anacoluthon
Potamidae Nanhaipotamon_hongkongense
Potamidae_Isolapotamon_griswoldi
Potamidae Johora_tiomanensis
Gecarcinucidae _Gubernatoriana_gubernatoris
Gecarcinucidae_Barytelphusa_cunicularis
Gecarcinucidae_Barytelphusa_sp
Gecarcinucidae_Ceylonthelphusa_sp
Gecarcinucidae_Spiralothelphusa_senex
Gecarcinucidae_Somanniathelphusa_cf zanklon
Gecarcinucidae _Somanniathelphusa_sp
Gecarcinucidae_Syntripsa_flavichela
Gecarcinucidae_Parathelphusa_pantherina
Gecarcinucidae_Parathelphusa_sp
Glyptograpsidae_Glyptograpsus_jamaicensis
Glyptograpsidae_Platychirograpsus_spectabilis
Ocypodidae_Ocypode_ceratophthalmus
Ocypodidae Ocypode_sinensis
Ocypodidae_Austruca_lactea
Ocypodidae_Gelasimus_borealis
Ocypodidae _Paraleptuca_crassipes
Xenophthalmidae_Xenophthalmus_pinnotheroides
Pinnotheridae_Arcotheres_sp
Pinnotheridae_Nepinnotheres_cf_affinis
Pinnotheridae_Holothuriophilus_pacificus
Pinnotheridae_Pinnaxodes_chilensis
Pinnotheridae_Pinnixa_cylindrica
Pinnotheridae_Rathbunixa_pearsei
Pinnotheridae_Scleroplax_schmitti
Pinnotheridae_Scleroplax_tubicola
Xenograpsidae_Xenograpsus_ngatama
Xenograpsidae_Xenograpsus_testudinatus
Cryptochiridae_Hapalocarcinus_marsupialis
Cryptochiridae_Dacryomaia_sp
Cryptochiridae_Fungicola_fagei
Percnidae_Percnon_planissimum
Percnidae_Percnon_affine
Percnidae_Percnon_affine_ourdata
Grapsidae Pachygrapsus_marmoratus
Grapsidae_Grapsus_albolineatus
Grapsidae Pachygrapsus_plicatus
Grapsidae_Metopograpsus_frontalis
Grapsidae _Metopograpsus_messor
Grapsidae_Metopograpsus_quadridentatus
Plagusiidae_Davusia_glabra
Plagusiidae_Euchirograpsus_americanus
Plagusiidae_Miersiograpsus_kingsleyi
Plagusiidae_Plagusia_squamosa
Mictyridae_Mictyris_brevidactylus
Mictyridae_Mictyris_longicarpus
Heloeciidae_Heloecius_cordiformis
Macrophthalmidae Macrophthalmus_setosus
Macrophthalmidae Macrophthalmus_telescopicus
Macrophthalmidae_Macrophthalmus_erato
Macrophthalmidae_Chaenostoma_boscii
Macrophthalmidae Macrophthalmus_definitus
Varunidae Metaplax_longipes i
13 Varunidae_Gaetice_depressus
Varunidae_Cyclograpsus_cinereus
| Varunidae_Hemigrapsus_crenulatus
Varunidae_Eriocheir_japonica
Varunidae_Hemigrapsus_penicillatus
Gecarcinidae_Tuerkayana hirtipes
— Gecarcinidae_Cardisoma_crassum
14 Gecarcinidae _Cardisoma_guanhumi
Gecarcinidae_Gecarcinus_lateralis
Gecarcinidae_Gecarcoidea_lalandii
Gecarcinidae_Gecarcoidea natalis
Dotillidae_Doatilla_myctiroides
Dotillidae_Doatilla_wichmanni
Dotillidae_Scopimera_bitympana
Dotillidae_Scopimera_proxima
Dotillidae_Scopimera_intermedia
Dotillidae_Tmethypocoelis_ceratophora
Sesarmidae_Armases_cinereum
Sesarmidae_Parasesarma_affine
Sesarmidae_Parasesarma_pictum
Sesarmidae_Nanosesarma_minutum
Sesarmidae_Parasesarma_eumolpe
Sesarmidae_Perisesarma_bidens
Retroplumidae_Retropluma_denticulata
Epiloboceridae_Epilobocera_gilmanii
Epiloboceridae_Epilobocera_sinuatifrons
Pseudothelphusidae Potamocarcinus_sp
Pseudothelphusidae Raddaus_orestrius
Pseudothelphusidae Ptychophallus_montanus
Pseudothelphusidae Ptychophallus_sp
Orithyiidae_Orithyia_sinica

Trichodactylidae Trichodactylus_dentatus
_®_ Trichodactylidae Fredilocarcinus_apyratii
[ ESSSSSeeeesssss—— 9,
™™

Trichodactylidae Valdivia_serrata
Bellidae_Acanthocyclus_albatrossis
Belliidae Acanthocyclus_hassleri
Chasmocarcinidae_Megaesthesius_yokoyai
Chasmocarcinidae_Chasmocarcinus_chacei
Chasmocarcinidae_Chasmocarcinus_mississippiensis
Oregoniidae_Hyas_araneus
= Oregoniidae_Oregonia_gracilis
- Oregoniidae_Chionoecetes_tanneri
Oregoniidae_Hyas_lyratus
Majidae_Maja_brachydactyla
Majidae Maja_brachydactyla_ourdata
Majidae_Schizophrys_aspera
N | Inachidae_Coryrhynchus_riisei
Inachidae_Ericerodes_veleronis
Inachoididae Arachnopsis_filipes
Inachoididae _Collodes_granosus
Inachoididae Aepinus_septemspinosus
—— Inachoididae Anasimus_latus
Inachoididae_Inachoides_laevis
Majidae_Maiopsis_ panamensis
Epialtidae_Pugettia_nipponensis
Epialtidae_Pugettia_sp
Epialtidae_Rochinia_sp
Epialtidae_Taliepus_dentatus
Epialtidae_Pisoides_edwardsii
Epialtidae_Libinia_sp
Epialtidae_Notolopas_mexicanus
Epialtidae_Macrocoeloma_camptocerum
Epialtidae_Stenocionops_ovatus
Epialtidae_Chorinus_heros
Epialtidae_Leptopisa_setirostris
Epialtidae_Tiarinia_sp
Epialtidae _Hyastenus_sp
Epialtidae_Doclea_canalifera
Epialtidae_Doclea_canalifera2
Mithracidae Teleophrys_ornatus
Mithracidae_Microphrys_branchialis
Mithracidae Pitho_aculeata
Mithracidae_Mithraculus_coryphe
Mithracidae_Mithraculus_forceps
Mithracidae Thoe_erosa
Mithracidae_Ala_cornuta
Mithracidae_Mithrax_hispidus
Pilumnoididae_Pilumnoides_nudifrons
Pseudocarcinidae_Pseudocarcinus_gigas
Pseudocarcinidae_Pseudocarcinus_gigas_ourdata
Dairidae_Daira_americana
Dairidae_Daira_perlata
Menippidae_Menippe_rumphii
Menippidae_Myomenippe_fornasinii
Menippidae _Myomenippe_hardwickii
Acidopsidae_Acidops_fimbriatus
Acidopsidae_Acidops_sp
Pseudoziidae Euryozius_camachoi
Carpiliidae_Carpilius_corallinus
— Carpiliidae_Carpilius_convexus
Carpiliidae_Carpilius_maculatus
Geryonidae_Raymanninus_schmitti
_@_ Geryonidae_Chaceon_mediterraneus
Geryonidae_Chaceon_sp
Ovalipidae_Ovalipes_stephensoni
——— Ovalipidae _Ovalipes_iridescens
Ovalipidae_Ovalipes_punctatus
19 Portunidae_Portunus_pelagicus
Portunidae_Portunus_sayi
Portunidae_Scylla_paramamosain
Portunidae_Charybdis_feriata
Portunidae_Thranita_prymna
Carcinidae_Parathranites_orientalis
Carcinidae_Carcinus_maenas
Carcinidae_Portumnus_latipes

Thiidae_Thia_scutellataland2
t Polybiidae_Bathynectes_longispina
Polybiidae_Necora_puber
|

Polybiidae_Liocarcinus_depurator
Dairoididae_Dairoides_kusei
Parthenopidae_Parthenope longimanus
Parthenopidae_Rhinolambrus_sp
Parthenopidae_Ochtholambrus_excavatus
Parthenopidae _Cryptopodia_fornicata
Parthenopidae_Leiolambrus_punctatissimus
Aethridae_Hepatus_epheliticusland2
Matutidae Matuta_sp
Matutidae_Ashtoret_lunaris

Matutidae_Matuta_planipes
Calappidae_Acanthocarpus_alexandri

o 0
_@_ Calappidae_Mursia_sp2
Calappidae_Cycloes_granulosa
S —— Calappidae_Calappa_calappa
Calappidae_Calappa_philargius
Cheiragonidae_Telmessus_cheiragonusland2
Corystidae_Corystes_cassivelaunus
Corystidae_Gomeza_bicornis
Corystidae_Jonas_distinctus
Cancridae_Metacarcinus_magister
25 = Cancridae_Cancer_borealis
Cancridae_Anatolikos_japonicus
Cancridae_Cancer_pagurus
Ethusidae Ethusina_abyssicola
Ethusidae Ethusa_sexdentata
Ethusidae Parethusa sp
Dorippidae_Dorippe_quadridens
Dorippidae_Heikeopsis_japonica
Dorippidae_Paradorippe_australiensis
Dorippidae_Paradorippe_granulata
Leucosiidae_Ebalia_tuberculosa
Leucosiidae_Praebebalia_longidactyla
Leucosiidae_Pyrhila_carinata
Leucosiidae_Pyrhila_syndactyla
Leucosiidae_Tokoyo eburnea
Leucosiidae_Urashima_pustuloides
Iphiculidae_Iphiculus_convexus
Leucosiidae_Arcania_cornuta
Leucosiidae_Randallia_bulligera
Conleyidae_Conleyus_sp
Progeryonidae_Rhadinoplax_micropthalmus
Bythograeidae_Gandalfus_puia
Bythograeidae Austinograea_hourdezi
Bythograeidae Austinograea_spland2
Trichopeltariidae_Trichopeltarion_nobile
Vultocinidae_Vultocinus_anfractus
Euryplacidae_Frevillea_barbata
—®_ Euryplacidae_Eucrate_crenata
Euryplacidae_Eucrate_alcocki
Euryplacidae_Eucrate_sp
Mathildellidae Mathildella_rubra
Eriphiidae_Eriphia_scabricula
Eriphiidae_Eriphia_smithii
Eriphiidae_Eriphia_verrucosa
[] Trapeziidae_ Philippicarcinus_oviformis
30 Trapeziidae_Trapezia_rufopunctata
Trapeziidae Trapezia_ digitalis
Trapeziidae Trapezia_septata
Trapeziidae_ Trapezia_tigrina
Dacryopilumnidae_Dacryopilumnus_rathbunae
Oziidae_Epixanthus_frontalis
Oziidae_Epixanthus_sp
Oziidae_Epixanthus_tenuidactylos
Oziidae_Ozius_reticulatus
g Oziidae_Lydia_annulipes
Oziidae_Ozius_rugulosus
Pseudoziidae Pseudozius_caystrus
Platyxanthidae_Platyxanthus_orbignyi

|- - Tetraliidae_Tetralia_glaberrima

O
||L|\
| |

Tanaochelidae_Tanaocheles_bidentata
Pilumnidae_Danielum_ixbauchac
— e - Pilumnidae_Lobopilumnus_agassizii
@ Pilumnidae_Pilumnus_dasypodus
Pilumnidae_Pilumnus_vespertilio
———— Galenidae_Galene_bispinosa
Pilumnidae_Heteropanope_glabra
Pilumnidae_Pilumnus_longicornis
Pilumnidae_Tiaramedon_spinosum
Hypothalassiidae Hypothalassia_armata
Bythograeidae Bythograea_laubieri
[ | Bythograeidae_Bythograea_microps
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Goneplacidae_Carcinoplax_purpurea
Goneplacidae_Neogoneplax renoculis
Platyxanthidae Danielethus_patagonicus
Platyxanthidae Homalaspis_plana
Platyxanthidae Otmaroxanthus_balboai
Scalopidiidae_Scalopidia_spinosipes
Pseudorhombilidae _Pseudorhombila_quadridentata
Pseudorhombilidae_Trapezioplax_tridentata
Pseudorhombilidae Lophoxanthus_lamellipes
Pseudorhombilidae Micropanope_sculptipes
Pseudorhombilidae_Panoplax_depressa
Pseudorhombilidae Nanoplax_xanthiformis
Pseudorhombilidae Thalassoplax_angusta
Panopeidae_Panopeus_herbstii
Panopeidae_Eurytium_limosum
Panopeidae_Malacoplax_californiensis
Panopeidae_Hexapanopeus_angustifrons
Panopeidae_Acantholobulus_bermudensis
Panopeidae_Glyptoplax_smithii
Panopeidae_Rhithropanopeus_harrisii
Panopeidae_Dyspanopeus_sayi
Panopeidae _Neopanope packardii
Xanthidae_Lybia_tessellata
Xanthidae_Allactaea_lithostrota
Xanthidae_Carpoporus_papulosus
Xanthidae Edwardsium_lobipes
36 Xanthidae Paraxanthus_barbiger
Xanthidae_Cataleptodius_floridanus
Xanthidae Xanthodius_cooksoni
Xanthidae Xanthodius_sternberghiiland2
— Xanthidae_Williamstimpsonia_denticulatus
Xanthidae Xantho_pilipes
Xanthidae_Palapedia_cf nitida
— Xanthidae_ Cyclodius_obscurus
I Xanthidae_Pilodius_areolatus
Xanthidae Xanthias_canaliculatus
— Xanthidae_Atergatis_floridus
Xanthidae Atergatis_integerrimus
Xanthidae_Actaea_bifrons
- Xanthidae Paractaea sp
Xanthidae_Platyactaea_dovii
Xanthidae_Demania_scaberrima
Xanthidae _Actaeodes_cf _tomentosus
Xanthidae_Novactaea_bella

35
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OUT_Hippidae_Hippa_adactyla
OUT _Diogenidae_Clibanarius_virescens
OUT _Kiwaidae Kiwa hirsuta
OUT_Lithodidae_Neolithodes_nipponensis
OUT_Munididae_Munida_albiapicula
OUT _Porcellanidae _Petrolisthes_japonicus
Dynomenidae_Metadynomene_tanensis
Dynomenidae_Hirsutodynomene_ursula
Dynomenidae_Dynomene_hispida
Dynomenidae_Dynomene_praedator
Dromiidae_Sphaerodromia_sp
Dromiidae_Lauridromia_dehaani
Dromiidae_Conchoecetes_artificiosus
Dromiidae_Lewindromia_unidentata
Dromiidae_Moreiradromia_antillensis
Homolidae Lamoha_murotoensis
Homolidae_Lamoha_longirostris
Homolidae _Homola_orientalis
Homolidae Paromolopsis_boasi
Homolidae_ Homologenus_malayensis
Homolidae_Homologenus_rostratus
Homolidae _Paromola_japonica
Latreilliidae_Eplumula_phalangium
Latreillidae_Latreillia_valida
Latreillidae_Latreillia_elegans
Raninidae_Ranina_ranina
Raninidae_Raninoides benedicti
Raninidae_Ranilia_muricata
Raninidae_Cosmonotus_grayii
Lyreididae_Lyreidus_tridentatus
Lyreididae_Lysirude_griffini
Cyclodorippidae_Tymolus_brucei
Cyclodorippidae_Tymolus_japonicus
Cyclodorippidae_Corycodus_disjunctipes
Cyclodorippidae_Corycodus_sp
Cymonomidae_Cymonomus_sp
Cymonomidae Cymonomus_diogenes
Cymonomidae_Cymonomus_qguadratus
Hymenosomatidae  Hymenosoma_orbiculare
Hymenosomatidae Neorhynchoplax_bovis
Hymenosomatidae Amarinus_paralacustris
Hymenosomatidae Elamena_producta
Hymenosomatidae_Halicarcinus_cookii
Hymenosomatidae_ Halicarcinus_innominatus
Deckeniidae_Seychellum_alluaudi
Potamonautidae_Platythelphusa_armata
Potamonautidae_Potamonautes_perlatus
Potamonautidae Rotundopotamonautes_subukia
Potamidae_Potamon_fluviatile
Potamidae_Potamon_persicum
Potamidae_Nanhaipotamon_hongkongense
Potamidae_Cryptopotamon_anacoluthon
Potamidae_Isolapotamon_griswoldi
Potamidae_Johora_tiomanensis
Gecarcinucidae_Gubernatoriana_gubernatoris
Gecarcinucidae_Barytelphusa_cunicularis
Gecarcinucidae_Barytelphusa_sp
Gecarcinucidae_Ceylonthelphusa_sp
Gecarcinucidae_Spiralothelphusa_senex
Gecarcinucidae_Somanniathelphusa_cf zanklon
Gecarcinucidae_Somanniathelphusa_sp
Gecarcinucidae_Syntripsa_flavichela
Gecarcinucidae_Parathelphusa_pantherina
Gecarcinucidae_Parathelphusa_sp
Glyptograpsidae_Glyptograpsus_jamaicensis
Glyptograpsidae_Platychirograpsus_spectabilis
Ocypodidae_Ocypode_ceratophthalmus
Ocypodidae_Ocypode_sinensis
Ocypodidae_Austruca_lactea
Ocypodidae_Gelasimus_borealis
Ocypodidae_Paraleptuca_crassipes
Xenophthalmidae_Xenophthalmus_pinnotheroides
Pinnotheridae_Pinnixa_cylindrica
Pinnotheridae_Rathbunixa pearsei
Pinnotheridae_Scleroplax_schmitti
Pinnotheridae_Scleroplax_tubicola
Pinnotheridae_Arcotheres_sp
Pinnotheridae_Nepinnotheres_cf_affinis
Pinnotheridae_Holothuriophilus_pacificus
Pinnotheridae_Pinnaxodes_chilensis
Xenograpsidae_Xenograpsus_ngatama
Xenograpsidae_Xenograpsus_testudinatus
Cryptochiridae Hapalocarcinus_marsupialis
Cryptochiridae_Dacryomaia_sp
Cryptochiridae Fungicola_fagei
Percnidae_Percnon_planissimum
Percnidae_Percnon_affine
Percnidae_Percnon_affine_ourdata
Grapsidae_Metopograpsus_frontalis
Grapsidae Metopograpsus_messor
Grapsidae_Metopograpsus_quadridentatus
Grapsidae Pachygrapsus_marmoratus
Grapsidae_Grapsus_albolineatus
Grapsidae Pachygrapsus_plicatus
Plagusiidae_Davusia_glabra
Plagusiidae Euchirograpsus_americanus
Plagusiidae_Miersiograpsus_kingsleyi
Plagusiidae Plagusia _squamosa
Mictyridae_Mictyris_brevidactylus
Mictyridae_Mictyris_longicarpus
Heloeciidae Heloecius_cordiformis
Macrophthalmidae_Macrophthalmus_setosus
Macrophthalmidae Macrophthalmus_telescopicus
Macrophthalmidae _Macrophthalmus_erato
Macrophthalmidae Chaenostoma_boscii
Macrophthalmidae Macrophthalmus_definitus
Varunidae Metaplax_longipes
Varunidae_Gaetice_depressus
Varunidae_Cyclograpsus_cinereus
Varunidae _Hemigrapsus_crenulatus
Varunidae_Eriocheir_japonica
Varunidae _Hemigrapsus_penicillatus
Gecarcinidae_Gecarcinus_lateralis
Gecarcinidae_Gecarcoidea _lalandii
Gecarcinidae_Gecarcoidea_natalis
Gecarcinidae_Tuerkayana_hirtipes
Gecarcinidae_Cardisoma_crassum
Gecarcinidae_Cardisoma_guanhumi
Dotillidae_Dotilla_myctiroides
Dotillidae_Dotilla_wichmanni
Dotillidae_Scopimera_bitympana
Dotillidae_Scopimera_proxima
Dotillidae _Scopimera_intermedia
Dotillidae_Tmethypocoelis_ceratophora
Sesarmidae_Armases_cinereum
Sesarmidae Parasesarma_affine
Sesarmidae_Parasesarma_pictum
Sesarmidae_Nanosesarma_minutum
Sesarmidae_Parasesarma_eumolpe
Sesarmidae_Perisesarma_bidens
Retroplumidae_Retropluma_denticulata
Epiloboceridae_Epilobocera_gilmanii
Epiloboceridae_Epilobocera_sinuatifrons
Pseudothelphusidae Potamocarcinus_sp
Pseudothelphusidae _Raddaus_orestrius
Pseudothelphusidae_Ptychophallus_montanus
Pseudothelphusidae_Ptychophallus_sp
Orithyiidae_Orithyia_sinica
Trichodactylidae_Trichodactylus_dentatus
Trichodactylidae_ Fredilocarcinus_apyratii
I — Trichodactylidae Valdivia_serrata
Belliidae_Acanthocyclus_albatrossis
Belliidae_Acanthocyclus_hassleri
Chasmocarcinidae_Megaesthesius_yokoyai
—— Chasmocarcinidae_Chasmocarcinus_chacei
Chasmocarcinidae_Chasmocarcinus_mississippiensis
Oregoniidae_Hyas araneus
E— Oregoniidae_Oregonia_gracilis
g— - Oregoniidae_Chionoecetes_tanneri
Oregoniidae_Hyas_lyratus
Majidae_Maja_brachydactyla
Majidae_Maja_brachydactyla_ourdata
Majidae Schizophrys_aspera
Inachidae_Coryrhynchus_riisei
Inachidae_Ericerodes_veleronis
— Inachoididae_Arachnopsis_filipes
Inachoididae_Collodes_granosus
Inachoididae_Aepinus_septemspinosus
—— Inachoididae_Anasimus_latus
Inachoididae_Inachoides_laevis
Majidae Maiopsis_panamensis
Epialtidae_Pugettia_nipponensis
Epialtidae_Pugettia_sp
Epialtidae_Rochinia_sp
Epialtidae_Taliepus_dentatus
Epialtidae_Pisoides_edwardsii
Epialtidae_Libinia_sp
Epialtidae_Notolopas_mexicanus
Epialtidae_Macrocoeloma_camptocerum
Epialtidae_Stenocionops_ovatus
Epialtidae_Chorinus_heros
Epialtidae_Leptopisa_setirostris
Epialtidae_Tiarinia_sp
Epialtidae_Hyastenus_sp
Epialtidae_Doclea_canalifera
Epialtidae_Doclea_canalifera2
Mithracidae_Teleophrys_ornatus
Mithracidae Microphrys_branchialis
Mithracidae Pitho_aculeata
Mithracidae Mithraculus_coryphe
Mithracidae_Mithraculus_forceps
Mithracidae Thoe_erosa
Mithracidae Ala_cornuta
Mithracidae Mithrax_hispidus
Pilumnoididae_Pilumnoides_nudifrons
C — Pseudocarcinidae_Pseudocarcinus_gigas
Pseudocarcinidae_Pseudocarcinus_gigas_ourdata
Dairidae_Daira_americana
Dairidae_Daira_perlata
Menippidae_Menippe_rumphii
Menippidae_Myomenippe_fornasinii
Menippidae_Myomenippe__hardwickii
Acidopsidae_Acidops_fimbriatus
Acidopsidae_Acidops_sp
Pseudoziidae Euryozius camachoi
Carpiliidae_Carpilius_corallinus
Carpiliidae_Carpilius_convexus
Carpiliidae_Carpilius_maculatus
Ovalipidae_Ovalipes_stephensoni
—— Ovalipidae_Ovalipes_iridescens
)

e — Ovalipidae_Ovalipes_punctatus
]

Geryonidae_Raymanninus_schmitti
Geryonidae_Chaceon_mediterraneus
Geryonidae _Chaceon_sp
= — Portunidae_Portunus_pelagicus
Portunidae_Portunus_sayi
Portunidae_Scylla_paramamosain
Portunidae_Charybdis_feriata
e Portunidae_Thranita_prymna
Carcinidae_Parathranites_orientalis
Carcinidae_Carcinus_maenas
Carcinidae_Portumnus_latipes
Thiidae_Thia_scutellataland?
Polybiidae_Bathynectes_longispina
Polybiidae_Liocarcinus_depurator
Polybiidae_Necora_puber
Dairoididae_Dairoides_kusei
Parthenopidae Parthenope_longimanus
Parthenopidae_Rhinolambrus_sp
Parthenopidae Ochtholambrus_excavatus
Parthenopidae_Cryptopodia_fornicata
Parthenopidae_Leiolambrus_punctatissimus
Aethridae_Hepatus_epheliticusland2
Matutidae Matuta_sp
Matutidae Ashtoret_lunaris
Matutidae Matuta_planipes
Calappidae_Acanthocarpus_alexandri
Calappidae _Mursia_spl
Calappidae_Mursia_sp2
Calappidae_Cycloes_granulosa
Calappidae_Calappa_calappa
Calappidae_Calappa_philargius
Cheiragonidae_Telmessus_cheiragonusland?2
Corystidae_Corystes_cassivelaunus
Corystidae_Gomeza_bicornis
Corystidae_Jonas_distinctus
Cancridae_Metacarcinus_magister
Cancridae_Cancer_borealis
Cancridae_Anatolikos_japonicus
Cancridae_Cancer_pagurus
Ethusidae_Ethusina_abyssicola
Ethusidae Ethusa sexdentata
Ethusidae_Parethusa_sp
Dorippidae_Dorippe_quadridens
Dorippidae_Heikeopsis_japonica
Dorippidae_Paradorippe_australiensis
Dorippidae_Paradorippe_granulata
Leucosiidae_Pyrhila_carinata
Leucosiidae_Pyrhila_sp
Leucosiidae_Praebebalia_longidactyla
Leucosiidae Ebalia_tuberculosa
Leucosiidae_Tokoyo_eburnea
Leucosiidae _Urashima_pustuloides
-_— Iphiculidae_Iphiculus_convexus
B — Leucosiidae_Arcania_cornuta
— "

Leucosiidae_Randallia_bulligera
Conleyidae_Conleyus_sp
Progeryonidae_Rhadinoplax_micropthalmus
Bythograeidae Gandalfus_puia
Bythograeidae Austinograea hourdezi

- - Bythograeidae Austinograea_spland2
Trichopeltariidae_Trichopeltarion_nobile
— —— Vultocinidae_Vultocinus_anfractus
— — — Euryplacidae_Frevillea_barbata

Euryplacidae_Eucrate_crenata
Euryplacidae Eucrate alcocki
Euryplacidae_Eucrate_sp
Mathildellidae_Mathildella_rubra
Eriphiidae_Eriphia_scabricula
Eriphiidae_Eriphia_smithii
Eriphiidae_Eriphia_verrucosa
Trapeziidae_Philippicarcinus_oviformis
Trapeziidae Trapezia_rufopunctata
Trapeziidae Trapezia digitalis
Trapeziidae_ Trapezia_ septata
Trapeziidae_Trapezia_tigrina
Dacryopilumnidae_Dacryopilumnus_rathbunae
Oziidae_Epixanthus_frontalis
Oziidae_Epixanthus_sp
Oziidae_Epixanthus_tenuidactylos
Oziidae_Ozius_reticulatus
Oziidae_Lydia_annulipes
Oziidae_Ozius_rugulosus
Pseudoziidae Pseudozius_caystrus
Platyxanthidae_Platyxanthus_orbignyi
Tetraliidae_Tetralia_glaberrima
Tanaochelidae Tanaocheles_bidentata
Pilumnidae_Danielum_ixbauchac
Pilumnidae_Lobopilumnus_agassizii
Pilumnidae_Pilumnus_dasypodus
Pilumnidae_Pilumnus_vespertilio
Pilumnidae_Pilumnus_longicornis
Pilumnidae_Tiaramedon_spinosum
Pilumnidae Heteropanope_glabra
Galenidae_Galene_bispinosa
Hypothalassiidae Hypothalassia_armata
Bythograeidae Bythograea laubieri
Bythograeidae Bythograea_microps
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Goneplacidae_Carcinoplax_purpurea
Goneplacidae_Neogoneplax renoculis
—— Platyxanthidae Danielethus_patagonicus
Platyxanthidae_Homalaspis_plana
Platyxanthidae Otmaroxanthus_balboai
Scalopidiidae_Scalopidia_spinosipes
Pseudorhombilidae_Pseudorhombila_quadridentata
Pseudorhombilidae_Trapezioplax_tridentata
Pseudorhombilidae_Lophoxanthus_lamellipes
Pseudorhombilidae Micropanope_sculptipes
Pseudorhombilidae_Panoplax_depressa
Pseudorhombilidae_Nanoplax_xanthiformis
Pseudorhombilidae _Thalassoplax_angusta
Panopeidae Panopeus_herbstii
Panopeidae_Eurytium_limosum
Panopeidae_Malacoplax_californiensis
Panopeidae Hexapanopeus_angustifrons
Panopeidae_Acantholobulus_bermudensis
Panopeidae_Glyptoplax_smithii
Panopeidae_Rhithropanopeus_harrisii
Panopeidae Dyspanopeus_sayi
Panopeidae_Neopanope_packardii
Xanthidae_Lybia_tessellata
Xanthidae_Allactaea_lithostrota
Xanthidae_Carpoporus_papulosus
Xanthidae Edwardsium_lobipes
Xanthidae Paraxanthus_barbiger
— Xanthidae_Cataleptodius_floridanus
—

— Xanthidae_Xanthodius_cooksoni
Xanthidae_Xanthodius_sternberghiiland2
Xanthidae_Williamstimpsonia_denticulatus
Xanthidae Xantho_pilipes
Xanthidae_Palapedia_cf nitida
Xanthidae_ Cyclodius_obscurus
Xanthidae Pilodius_areolatus
Xanthidae_Xanthias_canaliculatus
Xanthidae_Atergatis_floridus
Xanthidae_Atergatis_integerrimus
Xanthidae _Demania_scaberrima
Xanthidae Actaeodes cf tomentosus
Xanthidae_Novactaea bella
Xanthidae_Actaea_bifrons
Xanthidae_Platyactaea dovii

Xanthidae Paractaea_sp

Cretaceous Paleogene Ng.
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OUT _Hippidae_Hippa_adactyla
OUT _Diogenidae_Clibanarius_virescens
OUT _Kiwaidae Kiwa_hirsuta
OUT_Lithodidae_Neolithodes_nipponensis
OUT_Munididae_Munida_albiapicula
OUT_Porcellanidae_Petrolisthes_japonicus
Dynomenidae Metadynomene_tanensis
Dynomenidae_Hirsutodynomene_ursula
Dynomenidae_Dynomene_hispida
Dynomenidae_Dynomene_praedator
Dromiidae_Sphaerodromia_sp
Dromiidae_Lauridromia_dehaani
Dromiidae _Conchoecetes_artificiosus
Dromiidae_Lewindromia_unidentata
Dromiidae_Moreiradromia_antillensis
Homolidae Lamoha_murotoensis
Homolidae_Lamoha_longirostris
Homolidae _Homola orientalis
Homolidae Paromolopsis_boasi
Homolidae_ Homologenus_malayensis
Homolidae_Homologenus_rostratus
Homolidae Paromola_japonica
Latreillidae_Eplumula_phalangium
Latreillidae_Latreillia_valida
Latreillidae_Latreillia_elegans
Raninidae _Ranina_ranina
Raninidae_Raninoides_benedicti
Raninidae_Cosmonotus_grayii
Raninidae_Ranilia_muricata
Lyreididae_Lyreidus_tridentatus
Lyreididae_Lysirude_griffini
Cyclodorippidae_Tymolus_japonicus
Cyclodorippidae_Tymolus_brucei
Cyclodorippidae_Corycodus_disjunctipes
Cyclodorippidae_Corycodus_sp
Cymonomidae_Cymonomus_sp
Cymonomidae _Cymonomus_diogenes
Cymonomidae _Cymonomus_quadratus
Hymenosomatidae_Hymenosoma_orbiculare
Hymenosomatidae Neorhynchoplax_bovis
Hymenosomatidae Amarinus_paralacustris
Hymenosomatidae Elamena_producta
Hymenosomatidae Halicarcinus_cookii
Hymenosomatidae Halicarcinus_innominatus
Deckeniidae_Seychellum_alluaudi
e — Potamonautidae_Platythelphusa_armata
e Potamonautidae_Potamonautes_perlatus
Potamonautidae Rotundopotamonautes_subukia
Potamidae Potamon_fluviatile
Potamidae_Potamon_persicum

s Potamidae Cryptopotamon_anacoluthon
| BN B Potamidae_Nanhaipotamon_hongkongense
i — Potamidae_Johora_tiomanensis

Potamidae_Isolapotamon_griswoldi
Gecarcinucidae_Gubernatoriana_gubernatoris
Gecarcinucidae_Barytelphusa_cunicularis
Gecarcinucidae_Barytelphusa_sp
- Gecarcinucidae_Ceylonthelphusa_sp
Gecarcinucidae_Spiralothelphusa_senex
a Gecarcinucidae_Somanniathelphusa_cf_zanklon
Gecarcinucidae_Somanniathelphusa_sp
Gecarcinucidae_Syntripsa_flavichela
— & Gecarcinucidae_Parathelphusa_pantherina
Gecarcinucidae_Parathelphusa_sp
Glyptograpsidae_Glyptograpsus_jamaicensis
Glyptograpsidae_Platychirograpsus_spectabilis
Ocypodidae_Ocypode_ceratophthalmus
Ocypodidae_Ocypode_sinensis
T Ocypodidae_Austruca_lactea
I — Ocypodidae_Gelasimus_borealis
Ocypodidae_Paraleptuca_crassipes
Xenophthalmidae Xenophthalmus_pinnotheroides
Pinnotheridae Pinnixa_cylindrica
Pinnotheridae Rathbunixa pearsei
Pinnotheridae_Scleroplax_schmitti
Pinnotheridae Scleroplax_tubicola
Pinnotheridae_Arcotheres_sp
Pinnotheridae_Nepinnotheres_cf_affinis
Pinnotheridae Holothuriophilus_pacificus
Pinnotheridae Pinnaxodes_chilensis
Xenograpsidae Xenograpsus_ngatama
Xenograpsidae Xenograpsus_testudinatus
Cryptochiridae_Hapalocarcinus_marsupialis
Cryptochiridae_Dacryomaia_sp
Cryptochiridae_Fungicola_fagei
Percnidae_Percnon_planissimum
Percnidae_Percnon_affine
Percnidae_Percnon_affine _ourdata
Grapsidae Pachygrapsus_marmoratus
Grapsidae_Grapsus_albolineatus
Grapsidae Pachygrapsus_plicatus
Grapsidae Metopograpsus_frontalis
Grapsidae_Metopograpsus_messor
Grapsidae Metopograpsus_quadridentatus
Plagusiidae_Davusia_glabra
Plagusiidae_Euchirograpsus_americanus
Plagusiidae Miersiograpsus_kingsleyi
Plagusiidae_Plagusia_squamosa
Mictyridae Mictyris_brevidactylus
Mictyridae_Mictyris_longicarpus
Heloeciidae_Heloecius_cordiformis
Macrophthalmidae_Macrophthalmus_setosus
Macrophthalmidae_Macrophthalmus_telescopicus
Macrophthalmidae_Macrophthalmus_erato
Macrophthalmidae Chaenostoma_boscii
Macrophthalmidae_Macrophthalmus_definitus
Varunidae Metaplax_longipes
Varunidae_Gaetice_depressus
Varunidae_Cyclograpsus_cinereus
Varunidae_Hemigrapsus_crenulatus
Varunidae_Eriocheir_japonica
Varunidae _Hemigrapsus_penicillatus
Gecarcinidae_Tuerkayana_hirtipes
Gecarcinidae Cardisoma_crassum
Gecarcinidae_Cardisoma_guanhumi
Gecarcinidae _Gecarcinus_lateralis
Gecarcinidae_Gecarcoidea_lalandii
Gecarcinidae_Gecarcoidea_natalis
Dotillidae_Doatilla_myctiroides
Dotillidae_Dotilla_wichmanni
Dotillidae_Scopimera_bitympana
Dotillidae_Scopimera_proxima
Dotillidae_Scopimera_intermedia
Dotillidae_Tmethypocoelis_ceratophora
Sesarmidae_Armases_cinereum
Sesarmidae_Parasesarma_affine
Sesarmidae_Parasesarma_pictum
Sesarmidae_Nanosesarma_minutum
Sesarmidae_Parasesarma_eumolpe
Sesarmidae_Perisesarma_bidens
Retroplumidae_Retropluma_denticulata
Epiloboceridae_Epilobocera_gilmanii
Epiloboceridae_Epilobocera_sinuatifrons
Pseudothelphusidae_Potamocarcinus_sp
Pseudothelphusidae Raddaus_orestrius
e Pseudothelphusidae Ptychophallus_montanus
Pseudothelphusidae_Ptychophallus_sp
Orithyiidae_Orithyia_sinica
Trichodactylidae_Trichodactylus_dentatus
Trichodactylidae Fredilocarcinus_apyratii
Trichodactylidae Valdivia_serrata
Bellidae_Acanthocyclus_albatrossis
Bellidae_Acanthocyclus_hassleri
Chasmocarcinidae_Megaesthesius_yokoyai
Chasmocarcinidae_Chasmocarcinus_chacei
Chasmocarcinidae_Chasmocarcinus_mississippiensis
Oregoniidae_Hyas_araneus
Oregoniidae_Oregonia_gracilis
Oregoniidae_Chionoecetes_tanneri
Oregoniidae_Hyas_lyratus
Majidae Maja_brachydactyla
Majidae_Maja_brachydactyla ourdata
Majidae Schizophrys aspera
Inachidae_Coryrhynchus_riiseli
Inachidae_Ericerodes_veleronis
Inachoididae _Arachnopsis_filipes
Inachoididae_Collodes_granosus
Inachoididae Aepinus_septemspinosus
Inachoididae_Anasimus_latus
Inachoididae Inachoides_laevis
Majidae Maiopsis_panamensis
Epialtidae_Pugettia_nipponensis
Epialtidae_Pugettia_sp
Epialtidae_Taliepus_dentatus
Epialtidae_Rochinia_sp
Epialtidae_Pisoides_edwardsii
Epialtidae_Libinia_sp
Epialtidae_Notolopas_mexicanus
Epialtidae_Macrocoeloma_camptocerum
Epialtidae_Stenocionops_ovatus
Epialtidae_Chorinus_heros
Epialtidae_Leptopisa_setirostris
Epialtidae_Tiarinia_sp
Epialtidae_Hyastenus_sp
Epialtidae_Doclea_canalifera
Epialtidae_Doclea_canalifera2
= Mithracidae Teleophrys_ ornatus
B Mithracidae_Microphrys_branchialis
Mithracidae Pitho aculeata
Mithracidae Mithraculus_coryphe
Mithracidae_Mithraculus_forceps
Mithracidae_Thoe_ erosa
Mithracidae Ala_cornuta
Mithracidae Mithrax_hispidus
Pilumnoididae_Pilumnoides_nudifrons
— — Pseudocarcinidae_Pseudocarcinus_gigas
Pseudocarcinidae_Pseudocarcinus_gigas ourdata
Dairidae_Daira_perlata
Dairidae_Daira_americana
Menippidae_Menippe_rumphii
Menippidae_Myomenippe_fornasinii
Menippidae_Myomenippe_hardwickii
Acidopsidae_Acidops_fimbriatus
Acidopsidae_Acidops_sp
- Pseudoziidae Euryozius_camachoi
' p— Carpiliidae_Carpilius_corallinus
— Carpiliidae_Carpilius_convexus
Carpiliidae_Carpilius_maculatus
Ovalipidae_Ovalipes_stephensoni
—— Ovalipidae_Ovalipes_iridescens
s —— Ovalipidae_Ovalipes_punctatus
Geryonidae_Raymanninus_schmitti
B E—— Geryonidae_Chaceon_mediterraneus
Geryonidae_Chaceon_sp
Portunidae_Portunus_pelagicus
Portunidae_Portunus_sayi
Portunidae_Scylla_paramamosain
1 Portunidae_Thranita_prymna
Portunidae_Charybdis_feriata
Carcinidae_Carcinus_maenas
Carcinidae_Portumnus_latipes
T —. Thiidae_Thia_scutellataland2
Polybiidae_Bathynectes_longispina
Polybiidae_Liocarcinus_depurator
Polybiidae_Necora_puber
Dairoididae_Dairoides_kusei
— Parthenopidae_Parthenope_longimanus
Parthenopidae_Rhinolambrus_sp
Parthenopidae Ochtholambrus_excavatus
_ Parthenopidae Leiolambrus_punctatissimus
Parthenopidae Cryptopodia_fornicata
Aethridae_Hepatus_epheliticusland2
Matutidae _Matuta_sp
T Matutidae_Ashtoret_lunaris
Matutidae _Matuta_planipes
Calappidae_Acanthocarpus_alexandri
Calappidae_Mursia_spl
Calappidae_Mursia_sp2
Calappidae_Cycloes_granulosa
Calappidae_Calappa_calappa
Calappidae_Calappa_philargius
Corystidae_Gomeza_bicornis
Corystidae _Jonas_distinctus
Corystidae_Corystes_cassivelaunus
Cheiragonidae_Telmessus_cheiragonusland?2
Cancridae_Metacarcinus_magister
Cancridae _Cancer_borealis

. — Cancridae_Anatolikos_japonicus
I Cancridae_Cancer_pagurus

i

Ethusidae_Ethusina_abyssicola
— Ethusidae Ethusa sexdentata
I Ethusidae_ Parethusa_sp
Dorippidae_Dorippe_quadridens
r— Dorippidae_Heikeopsis_japonica
— Dorippidae_Paradorippe_australiensis
Dorippidae_Paradorippe_granulata
Leucosiidae_ Pyrhila_sp
Leucosiidae_Pyrhila_carinata
Leucosiidae Ebalia_tuberculosa
Leucosiidae_Praebebalia_longidactyla
Leucosiidae_Tokoyo eburnea
Leucosiidae_Urashima_pustuloides
Iphiculidae_Iphiculus_convexus
Leucosiidae_Arcania_cornuta
Leucosiidae _Randallia_bulligera
Conleyidae_Conleyus_sp
Progeryonidae Rhadinoplax_micropthalmus
Bythograeidae Gandalfus_puia
Bythograeidae Austinograea hourdezi
Bythograeidae Austinograea spland?2
Trichopeltariidae_Trichopeltarion_nobile
: Vultocinidae Vultocinus_anfractus
e — ! Euryplacidae_Frevillea barbata
R — Euryplacidae_Eucrate_crenata
0 1 ====== _  Euryplacidae_Eucrate_alcocki
Euryplacidae_Eucrate_sp
Mathildellidae_Mathildella_rubra
= = Eriphiidae_Eriphia_scabricula
Eriphiidae_Eriphia_verrucosa
Eriphiidae_Eriphia_smithii
Trapeziidae_Philippicarcinus_oviformis
Trapeziidae_Trapezia_rufopunctata
Trapeziidae_Trapezia_digitalis
Trapeziidae_Trapezia_septata
Trapeziidae_Trapezia_tigrina
Dacryopilumnidae_Dacryopilumnus_rathbunae
Oziidae Epixanthus_frontalis
Oziidae_ Epixanthus_sp
Oziidae_Lydia_annulipes
Oziidae_Ozius_rugulosus
Oziidae_Epixanthus_tenuidactylos
Oziidae_Ozius_reticulatus
Pseudoziidae Pseudozius_caystrus
Platyxanthidae Platyxanthus_orbignyi
Tetraliidae_Tetralia_glaberrima
Tanaochelidae _Tanaocheles_bidentata
Pilumnidae_Danielum_ixbauchac
Pilumnidae_Lobopilumnus_agassizii
Pilumnidae_Pilumnus_dasypodus
Pilumnidae_Pilumnus_vespertilio
Pilumnidae_Heteropanope_glabra
Galenidae_Galene_bispinosa
Pilumnidae_Pilumnus_longicornis
Pilumnidae_Tiaramedon_spinosum
Hypothalassiidae Hypothalassia armata
Bythograeidae Bythograea laubieri
Bythograeidae Bythograea_ microps
Goneplacidae_Carcinoplax_purpurea
Goneplacidae_Neogoneplax_renoculis
Goneplacidae_Carcinoplax_longimanus
Goneplacidae_Pycnoplax_suruguensis
Platyxanthidae_Danielethus_patagonicus
Platyxanthidae_Homalaspis_plana
Platyxanthidae_Otmaroxanthus_balboai
Scalopidiidae_Scalopidia_spinosipes
Pseudorhombilidae_Pseudorhombila_quadridentata
Pseudorhombilidae_Trapezioplax_tridentata
Pseudorhombilidae_Lophoxanthus_lamellipes
Pseudorhombilidae_Micropanope_sculptipes
Pseudorhombilidae _Panoplax_depressa
Pseudorhombilidae_Nanoplax_xanthiformis
Pseudorhombilidae_Thalassoplax_angusta
Panopeidae Panopeus_herbstii
Panopeidae Eurytium_limosum
Panopeidae_Malacoplax_californiensis
Panopeidae Hexapanopeus_angustifrons
Panopeidae_Acantholobulus_bermudensis
Panopeidae_Glyptoplax_smithii
Panopeidae_Rhithropanopeus_harrisii
Panopeidae_Dyspanopeus_sayi
Panopeidae_Neopanope_packardii
Xanthidae_Lybia_tessellata
Xanthidae_Allactaea_lithostrota
Xanthidae_Carpoporus_papulosus
Xanthidae_Edwardsium_lobipes
Xanthidae Paraxanthus_barbiger
- Xanthidae_Cataleptodius_floridanus
pr— Xanthidae_Xanthodius_cooksoni
Xanthidae_Xanthodius_sternberghiiland2
Xanthidae_Williamstimpsonia_denticulatus
Xanthidae_Xantho_pilipes
Xanthidae_ Palapedia_cf nitida
i Xanthidae_Cyclodius_obscurus
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Xanthidae_Pilodius_areolatus
Xanthidae_Xanthias_canaliculatus

I — Xanthidae_Atergatis_floridus

| Xanthidae_Atergatis_integerrimus
Xanthidae_ Actaea_bifrons

- Xanthidae_ Paractaea_sp

o Xanthidae_Platyactaea_dovii

Xanthidae_Demania_scaberrima

Xanthidae_Actaeodes_cf tomentosus

Xanthidae Novactaea_bella

Cretaceous Paleogene Ng.
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Hippidae Hi adactyla
)Iggerﬁdag I%f)lffjl anarrr.}/s virescens

Porcellanidae etro r%t es éaﬁponrcus
M nlcr ae Munid aa |al|o ula
_ithodjdae Neolithodes nipponensis
Kiwaidae Kiwa hirsuta

nomenjdae Metadynomene tanensis
nomen|dae Hirsutod nomeng ursula

CCCICCC

nomen|cae Dynome raedator
nidae D nomene |sp| a
ae S haﬁro romi

uuquOOOOO

||g

Dromrr ae Lauridromia de a ni.
Dromjidae Conchoecetes artificiosus
Drom|idae Moreiradromia antillensis
Dromijdae Lewindromia unidentata
Homol|dae Lamopha murotoensis
Homol|dae Lamm longirostris
Homolid e aromoaja onrca
_atre]||i| g umula’phalangium
_atre|ll] || ae tre(llla elegans

| atrellljdae Latrellra valida
Homolidae Homola orientalis
Homol|dae Paromolopsis boasi
Homolidae Homololg nus ros}ratus

omolidae Homologenus malayensis
Raninidae Raninoides benediciti
Ran|nidae Ranina ranina

Ran|njdae Ranilia muricata _
Raninidae (‘osmonotu ra Il

re|g|cae Sir grl |
Cérer Ida ?rer us tri entatus
clodor ae Tymo us onrcus
clodor| aeT mo us cer
co or| |g or cogus SP
clo orr ae Cor?co s disjunctipes
mono nomus s
monomr ae C monomus adratus
monomidae Cymono ah nes
menosomatijdae I\eor rTgax bovrs
menosomat|dae Hym oso orbrcu are
menosomat|dae A arrnus aralacustris
menosomat|dae Elamena ro ucta
menosomatidae I—a |carcinus Inngminatus
menosomatrcae]I- |carcrnus cookil
Deckenlidae Seychellu uaudi
Potamonautida PIatytheI husa armata _
Potamonaut|dae Rotlindo otamona]utes subukia
Potamo nautrdae Potamonautes perlatus

Potamidae Potamon ﬁersr er
Potam|dae Potamon fluviatile
~— Potam|o _
Potam|dae Isolapaotamon griswoldi
\
7 )

||||||OOOOO

otamon anacolution
ernahorrana gubernatoris

ae Johora tiomanensis

Potam|dae Nanhaipotamon hong on ense
Potamidae Cgfgto

Gecarcmucw

C)secarcinucidae Baryte|phusa SB
\M ecarcinucidae Barytelph sac nicularis
ecarcinucidae Spiraloth husa senex
Gecarcinucidae Ce ont sa sp
/ r \ecarcinucidae S0 annrat

PN

e usa sP

ecarcjnucidae Somannrart n zanklon

ecarcinucijdae Syntripsa avrc

ecarC|nuC|cae P rathe|phusa sp

ecarcrnucrc Parat % usa pantherrna
ra s| ae Pat chirograpsus spectabilis

‘? toQ ra sr ae to ra sus jamaicensis

| ae cgpode cerato %thalmus
Oc ocrdae Auslruca actea
Oc ocrdae ParaIe tuca cras Lpes
00 ﬂ G=a3| orear

I‘I‘ II

C

Xenophthalmidae eno Cfilmus pinnotheroides
Pinnotheridae Pinnixa cylindrica

PInnotheridae Rathbunixa pearsei

Pinnotheridae ScIero lax sc mrttr
Pinnotheridae Pinn es ch |ensrs
Pinnotheridae —IoIot urio hrIust cr ICUS
Pinnotheridae N |nnot eres cf affinis
Pinnotherig eAr otheres sLP

Xeno§ HBsr ae Xeno§ra sus testudinatus

Pinnotherjdae Sc er%FIax tu icola

Xeno sigae Xenograpsus ngatama
M ae Hapalocarcinus arsupralrs

toc |r| ae Fu (]grcoa agel
C g |r| ae Dacryomaia sg
er

nidae Percnon planissimym
ercnjdae Percnon af Ine ourdata
ercnidae Percnon affine

rapsidae Metopograpsus frondaré
Graps|dae Meto ograpsus quadridentatus

Grapsidae eto o rapsus messor
Grapsidae Pach us marmoratus

Gra srcae ach E s licatus

Gra src Grapsus albolineatus

Plagus|id ae Davusra abra

Plagus|idae Euchirograpsus americanus
Plagus|idae Plagusia squamosa

Plagusi dae Mie sro rapsus krn sleyi

Mic rrd Mictyris [ongicar

Mi o§ | |ct¥rrs brevrda Ius

H ecrd e eoecrus cor rmrs

Macro nthalmidae Macrophthalmus setosus
Macrophthalmidae Macrophthalmus telescopicus
Macrophthalmidae Macro hthalmus erato
Macrophthalmidae Macrophthalmus definitus
Macrophthalmidae Chaenostoma boscil
Varunjdae Metaplax longipes

Varun|dae Gaetjce de r sus

Varun|dae Hemi ra Renrcrllatus
Varun|dae Eriochel Ica

Varun|dae Hemr ra sus crenulatus
Varunidae C apsus crnereT

Gecarcinida eca cinus lateralis
(Gecarcinidae Gecarcojdea nata ds
ecarc|njdae Gec rcoidea lalan
Gecarcinidae Ti uer cayana |rt es .
Gecarcinidae Cardisoma umi
Gecarcinidae Cardisoma rassum
Sesarm|dae Armases cinereum
Sesarm|dae Parasesarma g f?tum
Sesarm|dae Parasesarma affin
Sesarmidae Nanosesarma minutum
Sesarmrcae Perrsesarma |dens
Sesarmida arase%arma eumolpe
Dotjllidae Dotrlawrc manni
Dotlllidae Dotilla myctiroides
Dotjllldae Scoégrme a |tfym ana

Dotjllidae Scopjmera proxi

Dot|llidae Tm ocoe scer?tophora

Dot |th &o | era |nterme

?etro umida Retrog uma dentrculata

Epiloboceridae Epilobocera sinuatifrons

E Epiloboceridae Epilobocera gilmanii

Pseudothe|phusidae Pot mocarcinus s

Pseudothelphusidae Ra Eauaorestrru
a”uss

ontanus

Pseudo ne| us|dae Pt
Dseu usr ae Ptg
Trichddacty| actylus dentatus

Orit || ae J nica
Trichodactyl| 26 V adr la serrata
T“T \odactylidae F |ocarcrnus apyratii

ellidae Acant oc cus ssleri

ﬁ lidae Acanthocyclus albatrossis

asmocarcinjdae’ Megaesthesius XOkOsy _
Chasmocarcinidae Chasmocarcinu sissippiensis
Chasmaocarcinidae Chasmocarcinus chacel
QOregon|idae H as araneus
QOre onrrdae onra racilis
Qre on|| ae H ratts
Oregonil aeC |on ecetes tanneri

ajidae Maja brach dact aourdata

ajidae M alla prachydact

ajidae Schizophrys as era
nacwr ae Ericerodes veleronijs
nach e Coryrhynchus riisel
nacwor dae Collodes ran sus
nacwordrcae Arachnop IS In{i’
nachojdidae A eprnus septemspinosus
nacho|didae Inachor es laevis
nachoididae Anasimus latus.
\/IaIJ Idae I\/arolosrs namensis

tidae TaI entatus

|altidae Rochinia Sé)

|altidae ettra S _
|laltidae Du%e tla ngpon nsis

|altidae P es edwardsli

|altidae Libinja s

|altidae Notolopas mexicanus
|altidae Macrocoeloma camgtocerum
|altidae Stenocrono S ovatu

|altidae % pto |sa setrrostrrs

|laltida orinus heros

|altio ae Tiarinia sp
|ajtidae Hya rtenus SY

L.J_

MMM mrmirmirT

=

|altidae Doc ea canalifera2

|at ae ocea cana fera

1raC|gae Tel eop r s ornatus

Mithracidae Pitho leata

Mithracidae Micro r s branchialis

Mithracidae Mrthr culus force s

Mrttracrdae |t raculus cory

Mithracidae T %e er%

Mithracidae Mrt Ispidus

Mithracid éte Ala cornuta

Pilumnoididae Pilumnoides nudifrons
seudocarcinjdae Pseudocarcinus gigas ourdata
seudocarcinidae Pseudocarcinus 8
alridae Dajra perlata

Dairidae Daira merrcana

Men| ae Menippe.rum
Men@ |gaeM orﬁg E ardwrcku

o

Idae Myomenippe fornasinii

Acidops| ae Acrdo
Acidopsigae Acido s? briatus .
Pseudoziidae Euryozius camachoi
Carpiliidae Carpj | s corallinus
Carpiliidae Carpilius maculatus
Carpiligae Carpilius convexus .
Qvalipidae Ova es ste ensonr
Ovalipidae Qvalj eslo ctatus
Ovar Idae Ovar es Irjdescens . .
nidae R anninus schmitti
eryon|dae C aceon

S
Ger?onr dae Chaceon nPedrterraneus
Portunjdae Portunus sayl
Portunrdae Port nus pelagicus .
Portunr ae C}/ aramarmosain
Portunidae Thranifa prymna
Portunrdae Cha l)(]bdrs eriata
Carcinidae Parathranites orientalis
Carcinidae Portumnus lati es
Carcinidae. Carcinus mae

Th|| ae Thia Sﬁutellatal nd2

llIdae Ba nectes on ISpina
I?brrdae ecora gisp

Polybligdae L |ocarcrﬁus depurator
Dal ror |dae Darror es kusel
Parthenopidae Rhinol am rus s
Partheno |gae Part e Ion Imanus
Dart enop|dae Och % rus excavatus
Parthenop| ae Lero am unctatissimus
art eno | X toroo a ornicata
Aethrida e atu epheliticusland?2
Matutidae Matuta sP
MatuﬂgaeM uta?anrg

rrs

Matuti Ashtoret |

Calappidae Cycloes granulosa
Calappidae Calappa philargius
Calappidae CaIaPEa alap§ _
Calappidae Aca ocarpu alexandri
Calappidae Mursja sp2

Cala a:ae Mursia spl

Corystidae Jonas distinctus

Corystidae Gomeza bicornis

Corystidae Cor stes cassrveF\]Iaunus
Cheiragonidae Telmessus ¢ erragonuslandZ
Cancridae Metacarcinus magiste

Cancrrdae Cancer borealis

Cancridae Cancer pagurus

Cancridae nat Ikos Japonicus
Fthusidae Ethusina abyssicola
—thus|dae P rethusasjg
Ethusidae Ethusa sex entata
DOorppI ae Dor c1uadr| ens
Dor|ppid ae er eo sgaé)onrca

Dor|ppidae ara or] ranu
Dorippidae Para T ustraliensis

_eu sngae n

_eucos||dae P r acarrn ta
_eucosiidae P e bebalia lopgidactyla
_eucos||dae E aratu erculosa

_eucosu ae Urashima pustuloides

cosrr ae To oyo eburnea
iculigae Iphicufu ﬁ nvexus
_eucosrr ae Randallia bulligera

_eu osrrdae AFC Nia cornuta

onleyidae onef?/

Pro er onJ ae R agsrﬁﬁolax micropthalmus

Bythograej ae Gandalfus puia

B tho raerdae Austrno raea spland2
aler lae Austinograea hourdezi
opeltariidae Tricho e}arron nobile

toc nigae Vultocinus anfractus

Eur acidae Frevillea barbata

Euryplacidae Eucrate crenata

ur acrdag Eﬂgrgtescoc

|Ic?eII| ae Mathtl a\lar bra

Err hiidae E Ehra scabricula

Eriphiidae Eriphja verrucosa

Eriphiidae Eriphja smithji

Tra ezrr ae P 1 tz)rcarcrnus oviformis

Trapez|idae Trapezja ru o[punctata

Trapez|idae Trapezia digitalis

Trapez|idae Trapezja | Ina

Trapeziidae Trapezia septat

Da ryoprlumnr e Dacryopilumnus rathbunae
Zl|dae Epixanthus ﬁp

Zllda E Ixanthus frontalis

zncae Ozius rugulosus

Ozidae Lydia annulipes
Oziidae Ozjus reticulatus

Oziidae E |xant us tenuidactylos
_I?steu loziidae Pseu ozrus caystrus
ral

ida Tetra lab errrm
Plat xant idae Pla nt us arpign
Tanaochelidae Tan oc ees brde t ta
Pilumnidae D nielum ixbauch
Pllumnidae Pilumnus dasypo us .
3! umnjdae _obo Hlumnus agassizii
D)
3|

Ilumnidae Pilumnus vespertilio
_umnrdae Tlaramedon spinosum
umnid ae 3| umnus oné;) ?rnrs
mnidae etero%ano gaa ra
Gaenrdae Galene bispi
- — - otha as ||dae Hypotha assia armata
Simplified habitat: e FSSI ae g %F%SS laubieri
Gone lac) ae lax renocu IS
Freshwat oL G
resnwater Gone Iacrd e arcrnog ax on Imanus

PIat anthjdae Homa ana
at?xa tI Cldae nielet us Eatzgonrcus
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Scao e Scalopidia spihos]

Plat e Otmaroxanth

Pse comombr |dae Tra ezroR xtrr enta
Pseudornompilidae Pseudor ombra rrdentata
Pseudorhnompilidae L oxant us la ges
Pseudorhompilidae T aasso lax an ust
Pseudorhompifidae Nanoplax xanthiformis
Pseudornompilidae Panoplax de ress
Pseudorhombilidae Micropanope sculptipes
Panope|dae Pano eus herbstii
Panopejdae Malaco ax californiensis
Panopejdae Eurytium limosum

3anooercae He apano eus angustrfrons
Panopejda cHoIa smith

3anooe|caeA ant olobulus b rmudensis
Panopeldae |t ro ano eus arrrsrr
3anooe|cae eo ackardii
Panopeldae D ano ssayr

Xanthidae L a tess

Xant1rcaeA acta allth strota

Xanthidae Edwar srum bip es

Xantttcae Carpo orus pa %osus

Xanthjdae Par x nth r jge
Xanthidae Catale (P or| anus
Xant1|cae xXant |us sterln er?hrrlandz
Xanthidae Xant |us coo SO

Xanthidae X a t o

Xanthidae sonra denticulatus
Xant1|cae aa itida

Xanth|dae us areo atus

Xanthjdae dius obscurus

Xanth|dae t las canaliculatus

Xant1|cae ter at|sr te errrmus
Xanthidae Atergatis flori

Xantphidae Demania scaberrlma
Xanthidae Novactaea bella
Xanthjdae Actaeodes cf tomentosus
Xanthidae Actaea bifrons
Xantpidae Platyactaea dovii
Xanthidae Paractaea sp

Cretaceous Paleogene Ng.
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DIogenidae Clibanarids virescens
Porcellanidae Petrolrs)thes cJEﬁponrcus

Munididae Munida al ula

[ Lithodjdae Neolithodes nipponensis

Kiwaigdae Kiwa hirsuta

LD nomenidae Metad nomene tanensrs
- nomen|dae Hrrsut nomen ursula

\/ — ) nomen|dae Dynome raed tor

\ nomenidae D nomene ISpid

omjldae S haﬁrodromr sp

—Irpgrdae Hr%ia adactyla .

CCCCICC

romjidae Lauridromia dehaani
) romjidae Conchoecetes artrfrcrosus
— romjidae Moreiradromia antillensis
romijdae Lewindromia unidentata
omolidae Lamoha murotoensis
omol|dae Lamoha longirostris
omolidae Paromoajaﬁonrca
— atre|lliidae Epl mua alangium
atre|lliidae Latre|llia elegans
atrellljdae Latreillia valida
omolidae Homola orientalis
omol||dae Paromolopsis boasi
- omoljdae Homologenus rostratus
omolidae Homologenus malayensis
aninidae ?anrnor es benedicti
an|n|dae an|[1a ranina
2 aninidae Ranilia muricata .
_t) aninidae Cosmonotu %ra yii
= reididae Lysirude qgri
reididae ?erdus Identatus .
clodor] E ae gmo us {alponrcus

0,

¢

cel

cloaor|ippigae 1ymolius
clogorippiaae O?CO us s

clodorippidae Corycodus dPSJunctrpes
monomidae Cfm nomus s

monom|dae CyYymonomus Badratus
monomidae Cymonomus enes
menosomatjdae l\eorhxncho lax bows
menosomat|dae H 0SO0 aor iculare
menosomatdae Af/narrnus agﬂ lacustris

{ menosomat|dae Ejmena roducta

o
o
0o

menosomatjdae Haljcarcinus inngminatus

mengsomatida Icarcinus cookil
9 /:) eckenlidae Se c?te ﬁtm alluaudi
A\

) otamonautjdae Platythelphusa armata
\ otamonautjdae Rotu/ndo otamonautes subukia

=) otamopautidae Potamonautes perlatus
2 otamjdae Potamon Persrcr[l
otam|dae Potamon fluviatile
2) otam|dae Johora tiomanensis
- otam|dae [solapotamon nswol?(r
otami|dae Nan alpotamon hongkongense

(D)

otamidae rgrgto otamon anacoluthon

ecarcinucidae Gubernatoriana gubernatoris

- ecarcinuc|dae Bar?teIFhusa S
N

usa cBnrcuIarrs

ecarcinuc|dae Barytel

ecarcinucidae Spiralo

\ / ecarcinucjdae Ceylonthelphusa sp
s0)\ecarcinucidae Somannjathelph

usa s
¢) Jecarcinucidae Somannrathel nusa CP zanklon

eIEhusa senex

ecarcjnuc|dae gntn sa flavichela

ecarcrnuudae Parathe|phusa sp

ecarcrnucr Parath % husa pantherina
togra sr ae Pat chirograpsus spectabilis
to ra sidae Glypto ra sus jamaicensis

e Oc e Si s]

C |dae cg ode cerato thalmus

C o didae Austruca Iactea

C odrdae Parale tuca cras |§oes

cypodidae Gelasr orear

innotheridae Pinnixa ¢ ica |
Innother|idae Rathbunixa pearsei
Innotheridae Sc ero)FIax tubicola

e opht amrcae enog dallrlmus pinnotheroides

Innotheridae Scleroplax schmitti
Innother|dae Pinnaxodes chilensis
Innotheridae —IoIothurrophrIus acificus
Innother|dae Ne |nnot eres cf affinis
Innotheridae Arcotheres SLP

enog) rESI ae Xeno§ra sus testudinatus

eno sidae XenoQgrapsus ngatama
r ae Hapalocarcinus marsupialis
toc |r| ae Fungicola fagel
\j |r| ae Dac omaras
er mgae Percnon Ianrssrmgranta

e ercnjdae Percnon affine our
ercnidae Percnon affine

raps|dae Metopograpsus frondad?
Q rapsigae Meto ograpsus quadridentatus

rapsidae Meto O ra SUS messor
armoratus

rapsigae ac
ra:)srcae ac ? |catus
G raosrc Gra SUS olineatus
e’ agusi|d ae Davu5|a abra

0
agusn ae EUC II’Q apsus americanus

a
a

usiidae Pla usr sguamosa
usijdae Mie sro rapsus krngs eyi

ridae Mictyris | n |ca
ae Mrct rs previd a
ecrd e eoecrus cor rmrs

acro nthalmidae Macro almus setosus
acrophthalmidae Macro thalmus telescopicus
acrophthalmidae Macropnpthalmus erato
acropnthalmidae Macrophthalmus definitus
acrophthalmidae Chaenostoma bosci
arunjdae Metaplax longipes
arunjdae Gaet ce de r sus
arunjdae emr ra Renrcrllatus
_Q arunjdae Eriochel ica
arunjdae Hemi rapsus crenulatus
arunidae C cIo rapsus crnere
ecarcinjdaé Gecarcinus latera |s
ecarcinjdae Gecarcojdea patali
ecarc|njdae Gec rcordea lalandii
ecarcinjdae uer ) ana |rt es |
ecarcinjdae ar IS umi
ecarcinjdae Card |soma rassum
esarmjdae Armases cinereum
esarmjdae Parasesarma g (f‘tum
esarmjdae arasesarma ffine
esarmjdae anosesarmakt)mrnutum
esarm|cae errsesarma idens
esarmida Trase%arma eumolpe

D)
A g

O

1

otjl[idae Dot| a wichmanni
\ / otillidae Dotilla myctiroides
otlllildae Scopimera bit m ana
otlllldae Sco |mera rox
= otlllldae m pocoeli scercatophora
ot |ci31 50 | era |nterme
umidae R

etlro et[o luma denticulata
) lloboceridae E ocera sinuatifrons
|Iobocer\d ek |Iobocera gilmanii
eudothelphus|dae otgmocarcrnuss
seudothe|phus|dae Raddaus orestriu
seu ot e us| ae Ptgc ophallu

SS
slet:u II0 Qg tﬁro!gesm gho hallus n?ontanus
' rc %)/ act aeyTrrfho acty Ius dentatus
- richodact | ae V |V|a serraa
\_/ richodactylidae Fredilocarcinus apyratii
ellidae Acanthocyclus hassleri

(
) )ellidae Acanthoc%//clus albatrossis
hasmocarcinidae Me aesthesius yokoyai
) ) hasmocarcinidae Chasmocarcinu mr sissippiensis
hasmocarcinidae Chasmocarcinus chacei

regon|idae Hyas araneus

re onjidae Ore onra gracrlrs
) egon|idae Hh ratts
re oniidae C |on e ete tannen

ajidae Maja prachydacty|a ourdata
g'rdae Mala racd} ¥

W

X

ae Schizophrys aspera
nach|dae Ericerodes veleronjs
nachidae Coryrhynchus riisel
nacwordrdae oIIodes ran sus
nachojdidae Arac nopsIs fi ng
nachoididae Aepinus septemspinosus
o | nachojdidae Inachordes aevis
nag wordrdae Anasimus latus,
aijrd arolosrs ganamensrs

C

[altidae TaI dentatus
I ) ~ ratrgae 0

Inia s
\ laltidae Pugettia sﬁ) _
{9 altigae 3u%ettra nipponensis

|at|gae Isoides e rdsii
— |altidae Libinja s
|at|gae Notolopas mexicanus

lalt| \/Iacro oeloma camptocerum
|gae Stenocjonops, ovatu
o |altidae Le] tolﬁnsa setrrostrrs
|altidae Chorinus heros
|ajtigae Tiarinia sp
] |at|gae Hyastenus s
—] |altidae Doclea canalifera
laltidae Doclea canalifera
lthracidae Te eophrys ornatus

Ithracidae Pitho aculeata
Ithracidae I\/|cro r ranchialis

()

/L\\J

Q)

) ithracidae Mithracufus force s
lthracidae Mithracu us cory
|t1raC|c ae Thoe er?1
o | 1racrcae Mlt rax |s6{ordus
1racrc(? e Ala cornut
Hlumnoididae Pilumnoides nudrfrons
seudocarcinidae Pseudocarcinus as ourdata
seudocarcinidae Pseudocarcinus
( _,‘ alridae Dajra perlata
arrrdae Dalra americana

en| |ae Men pe.rum
en| | ae rﬁenr I?tardwrcku
en| da gromenr efornasrnu
) cidopsidae Acido s?
cidopsigae Acidops fimbriatus
seudoziidae Eur 0zius camachoi
— arpiliidae Carpiljus corallinus
- arpiliigae Carpilius maculatus
arpilidae Carpilius convexus
va |E|dae OvaIrEnes stelg)hensonr

)

valipidae Qval| ctatus
valipigae Ovalipes Irjdescens . .

eryonjdae Raymanninus schmitti
e | er?onrdae Chaceon s

eryonidae Chaceon n?edrterraneus
ortunjdae Portunus sayi
ortunrdae Porﬁ nus pelagicus
ortunr ae Sc?/ aramarmosain
ortunidae Thranita prymna
ortunjdae Char bdrs erlata
arcinidae Parathranites orientalis
arcinidae Portumnus lati es
arcrnrdae Carcinus mae
\[ h | ae Thia Sﬁutellatal nd2 _
liIdae Bat nect s longispina
lidae Necora

)

e
O lidae Liocarci US c[epurator

aror dae Da|r0|des kusel
arthenopidae Rhinol am rus s

artheno |gae Part e Ioné)rmanus
arthenopidae Och % rus excavatus
arthenop| ae Lero am unctatissimus
art eno | ornicata

%/ tof?o a

ethrid a e atu epheliticusland?2
atutjdae Matuta sP

atut|gae Matuta anrg

atutidae As tor rrs

appijdae y loes ra ulosa

ap I ae Lala IUS
appidae 8.%55&061615()J

a

a

a

np|dae Aca ocarpu alexandri

npidae Mursja sp2

nhidae Mursia spl

rystidae Jonas distinctus

orystidae Gomeza bicornis

orystidae Cor st S cassrvﬂaunus
helragonidae Telmessus ¢ erragonuslandZ
ancritae Metacarcinus magiste

{ ancridae Cancer borealis
o N ancridae Cancer pagurus
ancnéiae Anatolikos Ja onrclus

OV D®

thusijdae Ethusina abyssicola
thusrdae Parethusa s
thusigae E usa sex entata
or| |dae or c‘ua ridens
or|ppid ae er eo ssga onrca
or|ppidae ara or ranul
orippidae Parad ustrali ensrs
eucos||dae Pgrhr a S

0,

eucos|idae Pyrhila carinata
eucos|idae Praebebalia lopgidactyla
eucos||dae Eba la tuberculosa
eucosjidae Urashima pustuloides
eucosndae To ovo eburnea

hiculig 3 Iphicu s obvexus
eucos||dae Randa ia ullrgera

eu osrrdae nia cornuta

O

onleyidae on
ro er onJ ae R gg qéjolax micropthalmus
alfus

G) ;t 0 raer ae Gan ula

thoQrae|dae Austino ra pland2
tho raer a Austrno raea ourd

ar|| Trjcho eI}arron no |Ie
toc n| ae u ocrnus anfractus
- |aC|gae revillea barbata
) ur ac|dae Eucrate crenata

) CNur |aC| ae Eucrate SP
O/ t ur e Eucratle alcocki
1 eII| ae Mathildella rubra

— r| hiidae Eriphja scabricula
| nugae Er| n|a verrucosa
lidae Eripnja smithji
Tra ez||dae P ilippjcarcinus oviformis

rapez|idae Tra egra ru otpunctata
rapeziidae Trapezia alls
rapezjidae Trapezia |§|na
rapeziidae Trapezia s a
a ryopr umnidae Dacr llumnus rathbunae
Z||da |xant fsrp
zncae E Ixant ontalis
zucae zrus ru uosus
Zlida dia an es
zucae zrusr trcu atus
znca grxant us tenuidactylos
seudoziidae Pseu ozrus caystrus
) etralrrda Tetraa a errrm _
tyxanthidae a%xant us arbpign
anaochelidae Tanaocheles bident ta
umnjdae Danielum |xbauchac
umnjdae Pilumnus dasypodus. ..
umnjdae Lobnrorumnu a assrzu

umnida nus ves pe o
. : ] umnic ae ramed é)mosum
bioRxiv ppe op3yight holder for this preprint

. PP a = = o a . CE—
(which wgs not cert|f|ed by peer reV|ew) |s the author/funder who has granted b|oRX|v a I|cense to d|sp|ay the prepfint in perpetuity. It is made () umnlc ae PI umnus Ion rnis

Direct (mait”ﬁ“‘té) Bb%;t‘th"“tﬁ“ade alenid: dge-Galero Deploss -

alassid ae H otha assia armata

= %O raejqae B raea ICI’O PS
O 1 3 4 5 thograel ae raea aub |er|
one aCI ae N ax renoculis

( \ / one acr ae arc nop ax purpurea,
oneplacidae ycnopaf<s I’U uensis
gax

0,

o
L
)

'\ oneplacidae Carcin ongimanus
) |at antn|§ae Homa(r ana .
at?xant |dae Danre thus Eat%gonrcus

) )P e cao la s
e Otm oxan
1om |cae Trape axtr entat
seu orhom ||cae Ps u or omb |a a ridentata
seudorhompi|ida ﬂ oxanthus la
seudorhombpilida aasso ax an ust;
seudorhom ||cae Nano a ant| rmrs
seudorhompilidae Panoplax ressa
seudorhombilidae Mic opanop sculptipes
anope|dae Pano eus tfstn
anope|dae Malaco axcarornrensrs
anopej|dae u)?/tru limosum
anooe|cae H apa[t )Peus angustifrons
anopejda a smith
anooe|caeA toobulusb rmudensis

anopejdae R ano eus arrrsu
t anooe|cae eo ackardii
anopelda ano s say!

anthidae L bra ess
— anttrcaeA acta a I|th strota
anth|dae E War srum bip es
anthidae C ar orus osus
anth|dae ar x nt ;

on anus

L/

anth|dae atae

i anth|dae Xant |us sternber?hnlandz
anth|dae ant od |us coo son

anttrcae ant ij

sqonra denticulatus
Itid

anthiga I llam
N ant1|cae aa%jp

anthida us areo latus
ant1|cae clodius obscurus
anthjdae Xanthias canaliculatus
anth|dae Atergat|s Integerrimus
anthidae Atergatis floridus
anthidae Demania s aberrrma
— anth|dae Novact ea

anthjdae Actaeo efs cf tomentosus
anth|dae Actaea bifrons
anth|dae Platyactaea dovii
anthidae Paractaea sp

Jurassic Cretaceous Paleogene Ng.
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Hippidae Hippa adactyla

Drgpenr aéz IC%,prbanaf d/s virescens
Porcellanidae Petro t es Japonicus
Munididae Munid azéI rﬁ)lcula
_ithodjdae Neolitho ipponensis
Kiwaidae Kiwa hirsut a
nomen|c ae I\/Ietad nomene tanens|s
nomenjdae Hirsutodynomene ursula
nomenrcae Dynomene praedator
nomenidae Dynomene hispida

omj| aeS haﬁrodromla sp

L
0
0

ccqccc

0,

(')

(D romi|idae Lauridromia dehaani.
romjjdae Conchoecetes artl ICIOSUS
2 romjidae Moreiradromia antillensis
romijdae Lewindromia unidentata
omolidae Lamoha murotoensis
omol|dae Lamoha longirostris
omolidae aromolaraﬁonlca
— atrel|liidae Eplumula’phalangium
atrelllidae Latre|llia elegans
atrellljdae Latreillia valida
omolidae -Iomola orientalis
omol|dae Paromolopsis boasi
— omol|dae -Iomoc()]g nus ros}ratus

(D)

omolidae Homologenus malayensis
aninidae Raninoides benedicti
an|nidae Ranjpa ranina

aninidae Ranilia muricata
aninidae Cosmonotus grayii

reididae Lysirude griffini

£ reididae L reldus Identatus

|0 clodor] d mo us ﬁponlcus
clodorippid ae mol us cel
clodorippidae Corycodus sP
clodorippidae Corycodus disjunctipes
mono nomus s

monomidae Cymonomus diogenes .
menosomatjdae Neorhynchoplax bovis
menosomat|dae I-ane osoma orbiculare

|dae m B
monomjdae Cymonomus quadratus

menosomatjdae Amarinus paralacustris
menosomatidae Ea\mena roducta

menosomatjdae Halicarcinus inngminatus
menosomatlc |‘i31 |carc|nus COOKII

eckeniidae dS ey

otamonautida PIatytheI husa armata _

otamonautrgae Rotundo otamonalutes subukia

otamopautidae Potamonautes atus

otam|dae Potamon ﬁersrcu

otam|dae Potamon fluviatile

otam|dae Johora tiomanensis

otam|dae |solapotamon nswol

otam|dae Nanhaipotamon hong r%gense

otamidae CgfgtoéJotamon anacolut

ecarc|nucjo ernahorlana gubernatons

ecarcinuc|dae Barytelphusa s

ecarc|nuc|dae Bar tel h sac nicularis

ecarcinucidae Spl an usa senex

ecarcinuc|idae Ceylonth e usa sp

ecarcinuc|dae Somannjathelphusa sP

ecarcinucijdae Somannlathel nusa cf zanklon

ecarcinuc|dae Syntrj sa lavichela

ecarcinucidae Parathe|phusa sp

ecarcinucig e Parath %Ehusa pantherina
raps|dae PIat C rapsus spectabilis

I?BtoéraEsr ae Gé to rarssus jamaicensis

C ocr ae c?F ecerato Snthalmus

cypod| ae Austruca lactea

cypod ae Parale tuca cras |£es

C lasimus boreal

eno Ht aml ae Xenoght almus pinnotheroides

Innotherjdae Pinnixa ¢ylindrica .
Innotheridae Rathbunixa pearsei
Innother|dae ScIero)EIax tubicola

Innotheridae Scleroplax sc m|tt|
Innotherjdae Pinnaxodes chilensis
Innotheridae Holothuriop hllusfo (f?IfICUS
Innotherjdae Nepinnotheres cf affinis
Innotheridae Arcotheres s
enoga{ssrdae Xeno§ra sus testudinatus

enograpsidae Xenograpsus ngatama
r Iridae Ha carcinus marsupialis
toc Iridae F 9|coa agel
ochiridae Dacryomaia SB
er n| ae Percnon planissimum
ercnjdae Percnon affine ourdata
ercnidae Percnon affine
rapsidae Meto ograEsus front

raps|dae MEtO ograpsus qua I’I entatus
raps|idae Metopograpsus messor
raps|dae ac us marmoratus
) radsmae ac OT IC&tUS
I

W, rapsiciae Gra sus eatus
Yo acusudae )avusra abra
{ = agusrrdae _uc Irograpsus americanus

0
0,

) agus||dae dusr sgquamosa
agusiidae slo rapsus klngs eyi
ridae I\/|ct rs n |ca
C?ncae Nlct¥rls revi a§
ecr ﬁe Heloecius cor rm|s
acro nthalmidae Macro almus setosus
— acro 1t halm|dae M acro aImus telescopicus
acro na|m|gae acro tha|mus erato
) acro almidae Macro %s definitus
wthalmld eC aenostoma 0Scil
arunldae Metalo ax ongé)
Varunrgae Gaetjce Sus
2 \arunidae Hemi ra enicillatus
_) U arunrgae Eriochel ica
\Varun|dae em| apsus crenulatus
\Varunidae C rapsus crnere S
ecarcinjda eca cinus lateralis

\ ecarcinigae GGC&I’COIQG& atall
G h ecarcinigae GGC(FI’COI ea lalan

D)

ecarcinjdae Tuerkayana |rt es _
t ecarcinidae Car umi
ecarcinidae Cardisoma rassum
esarm|dae Armases cinereum
esarmjdae Parasesarma plctum
esarm|dae Parasesarma affin
esarmjdae Nanosesarm minutum
- esarm|cae ensesarma |dens
esar arase arma eumolpe
2 of] |dae Dotrlawrc mannr
of] |gae Dotilla myctiroides
otllllaae Scoegrme a |t%/m ana
|

O

\
(‘)

ae ocopimera proxima
== otilll ae Tmethypoc e IS ce%atophora
otilli F 50 era interme
umida

etro Retropluma denticulata
_< ; B||o§ocer| ae E5||o§ocera sr uatifrons
oceridae Epilobocera gilmanii

seuqgothe EUSI ae Pot mocarcmuss

seudothelphusidae Ra orestriu

seu otnel usidae Ptyc a”uss

seu ot usr ae Pt ontanus
rit || ae Orlt yia

richodactylidae”Iri actylus dentatus

Tr|c ogact |dae V. ad| la SErrata
actyli ae |ocarcmus apyratii
e liidae cant oc cus ss erl
elliidae Acant ocyclus a atrossrs

f\ hasmocarcml ae’'Me aest eslus OkO a|
\;L

nasmocarcinidae Chasmocarcinus mississippiensis
hasmocarcinidae Chasmocarcinus chacei
regon|idae Hyas araneus

re onndae %oma gracilis
_<9 ) re on|| ae H as lyratls
re oniidae Chion e(fates tanneri

ajidae Maa rach aourdata
ajidae M abrac
a dae c 1Zop sas era

) nac1| ae ncero es veleronijs
nachidae or r ync us riisel

nachojdidae des ran sus
nacwoldrcae Arachno IS |nn
nachojdidae Aepinus se temspinosus
— nachojdidae Inachordes aevis
nachoididae Anasimus latus.
airldae I\/aro,osrs anamensis
n[altidae TaI dentatus
njaltidae Rochinia s
njaltidae P P %ettras

ol

plaltidae ettia nipponensis

Y nialtidae Pisoides edwardsil
— Dlaftidae ibinjas
nialtidae Notolopas mexicanus

D

\
D)
N

plaftidae \/Iacro -oeloma camptocerum
plaft|c ae tenomonops ovatus
— plaltidae % toir]nsa setirostris

njaltidae Chorinus heros
n|alt|o ae Tiarinia sp
|altidae Hyaftenus sr

r |altidae Doclea canaljfera

\ laltidae Doclea canalifera
ithracidae Teleophrys ornatus

lthracidae Pitho aculeata

rtdracmae Mlcro hrys branchlalls

) ithracidae Mithracufus forceps

lthrac|dae M|thracu us cor rﬁt

lthrac|dae e erosa

- lthracida |t rax |s idus

nra e Ala cornut a

|Iumn0|t?dae P|Iumn0|des nudifrons

seudocarcinidae Pseudocarcinus gjgas ourdata

seudocarcinidae Pseudocarcinus 8 8

2 alridae Dajra perlata

arndae Da|ra amencana

T en| Idae en erum
—(9 - ) |gae rﬁg ardwrcku
err | %//omenr efornasrnu
2 CIQ srgaaeAcrco s?
cidopsigae Acidops fimbriatus
9 seudoziidae Euryozius camachoi
— arpiliidae Carpilfius corallinus
arpiliidae Carpillus maculatus

arpilijdae Carpilius convexus
va |E| ae Ova Ees stephensoni

() CD

0,

valipidae Oval |c ctatus
valipigae Ovalipes Irijdescens . .

eryonjdae Raymanninus schmitti
o | er onrgae Chaceon s

eryonidae Chaceon n?edﬂerraneus
ortunjdae Portunus sayi
ortunjdae Porﬁ nus pelagicus .
ortun|dae C}/ aramamosain
ortun| ae T anrapr mna
ortun| ae C dis feriata
arcinjdae Para ran|t s orientalis
arcinijdae Portumnus lati es
arcrnldae Carcinus mae
h|| ae Thia Sﬁutellatal nd2 _
bid ae at nectes onglspma
o || ae Nec

D

olybjidae L|ocarcrﬁus depurator
airoididae Dairgides kusel
arthenop|dae Rhlnolam russ
arthenopidae art eno%% ongimanus
arthenopidae Ocht o% rus excavatus
arthenopi ae elo am unctatissimus
art eno | g toRo a ornicata
ethridae Hepatu epheliticusland?2
atutldae Matuta SP

atutid aeM tuta anlg

tutidae tore r|s

appida loes granulosa

a :)|cae Caa a philargius
appidae Calappa calappa
a

a

a

nidae Acanthocarpus alexandri
pjdae Mursja sp2

a
a
a
a
a
a
a

C)I ae Mursia spl

orystidae Jonas distinctus
orystidae Gomeza bicornis

2 orystidae Cor¥s es cassivelaunus
helragonidae Telmessus c elra(};onuslandZ
Yan ancriae Metacarcinus magiste
ancridae Cancer borealis
={ ancridae Cancer pagurus

ancridae Anator osja onrcus

LD thu5|dae Ethusina abyssicola

\ ) thu5| ae Parethusas}g

{ —

th u5|d3e Ethusa sexdentata

or| ae or c1uadr|dens

or| |dae el eo ssga onlca
or|ppidae Parador ranulata
orippidae Paradori ustraliensis
eucos|idae P grhlas

@
0,

eucos|idae Pyrhila carinata
) eucosudae bebalia ongldactyla
eucosl|dae E alatu erculosa
) eucos||dae Urashima pustuloides
%ucosn ae To oyo eburnea
iculigl hiculu ﬁ nvexus
— ) eucosn ae Ran allia ulllgera
cfosu ae Arc nia cornuta

nleyidae Con
ro e¥ onidae R agsr](ﬁolax micropthalmus
alfus

G} ; ograeidae Gan

ula
thograe|dae Austino rag 1and2
thot raer lae Austino raea ourd

de aril ae Tricho e%arlon no |Ie
toc ae Wu toclnus anfractus
- Yo ur amgae Frevillea barbata
| — uryplacidae Eucrate crenata

( = ur amgae Eucrate SP

O u e Eucratle alcocki
tldelli ae Mathildella rubra
— rrEhndae E la scabricula

Iphiidae Eriphja verrucosa
riphiidae Eriphia smitnji

rapez|idae Philip |carcgnus oviformis

— rapezjidae Trapezja ru otpunctata

rapez|idae Trapezja alls
rapeziidae Trapezja |§|na
rapeziidae Trapezia s a
acryopilumnidae Dacryopilumnus rathbunae
V4 zrrgée Epixanthus fsIJo
) )ziidae E Ixanthus frontalis
zlidae Ozius ru%u osus

Zlldae d/ la an

Zlldae Qzjus r t|cu atus

zlidae Epixanthus tenuidactylos
seud ozudae Pseu okzjlus ceg/strus
2 etralnda Tetralia glaberrim

tgxa}qt |§Iae Pa xanthus OCP %n
ochelidae an oc eesbl entata
umnr ae Daniel um(r auch

llumnidae Plumnus as o us _
umny Humnu assrzu

_umnrgae P|u nus ves pe
_umnr ae Tiaramed é)lnosum

0,
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(which wa A ho ho has granted D ty. It is made

: = _ umn| ae P| umnus lon rnis
ava|Iab|e under aCcC- BY4OInternat|onaI Ilcense mn| ae tero%ano g

Indirect (freshwater) path grade: %Q' aags .? %geHy'go't issia armata

- 0 rael raea Mmicro
o1 2 4 5 /e ié‘é?' aaee Bgt“"%ré‘e%xar‘éﬁ'oéh is
(D i)

\ / oneplacidae Carc no XP uré)urea

()
AN Eg
|

2 oneplacidae P cnop axs ruguensis
one Iacr e arcrnﬁ)g ax longimanus
2 latyxanthidae Hom lana
Iat?xanthldae Daniel t us ata onlcus
cao 1aild eScaopr
anthidae Ot maroxan
se or'rombr [dae Tra ezro xtn enta
seucomombr |cae Ps udorhomb |a ndentata
seudorpompilida phoxanthus a gE)es
seudorhombpil| |cae Thalassoplax an ust
seudorpnombpilidae Nanopla xant [formis
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