Zoosyst. Evol. 101 (4) 2025, 1669-1689 | DOI 10.3897/zse.101.159300

© PENSOFT,

o N

NATURKUNDE
BERLIN

Phylogenetic relationships, taxonomic contextualization and
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species complex in the largest South American lowland river basins
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Abstract

The phylogeny of the genus Dilocarcinus H. Milne Edwards, 1853 and the taxonomic status of Dilocarcinus pagei Stimpson, 1861
lato sensu are investigated using a molecular and morphologic integrative approach. This species is distributed over a large part of
Neotropical South America in the Amazon and La Plata (Paraguay—Parana rivers) hydrographic basins. We evaluated the genetic
variability of this species along these river basins to understand the degree of the variability among its representatives, their taxonomic
status, and to address the gaps in the north—south distribution that remain despite its wide area of occurrence. The morphological
analysis included NanoCT—Scan images, and the molecular analysis was based on mitochondrial markers COI and 16S rRNA and
included Maximum Likelihood Trees, Bayesian Inference, Genetics Distance Matrix, and Haplotype Networks. These studies revealed
and supported the existence of two cryptic species: a southern one, distributed in the La Plata basin (Paraguay—Parana basin), that kept
the name D. pagei Stimpson, 1861, and a northern one, occurring in the Amazon basin, the name D. cristatus Bott, 1969 was revalidated.
We discuss conjecture that Dilocarcinus originated in the western Amazon region between the Middle Eocene and the Lower Miocene
(c. 41-19 Ma), most likely in the Oligocene (31 Ma), and later expanded to other regions in southern and eastern South America.
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Introduction

The specific composition of the genus Dilocarcinus H.
Milne Edwards, 1853 has varied considerably since it
was first erected with four species. In subsequent revi-
sions, Rathbun (1906a) included nine species under the
subgenus Trichodactylus (Dilocarcinus). More than 60
years later, Pretzmann (1968), treating it at generic lev-
el, included 12 species and subspecies in Dilocarcinus.

Bott (1969) separated Dilocarcinus into two subgenera,
with Dilocarcinus stricto sensu comprising three species
and one subspecies and established new genera and sub-
genera for some of the other species. Rodriguez (1992)
did not recognize the subgenera and included 11 species
in Dilocarcinus, but Magalhdes and Tiirkay (2008) re-
stricted Dilocarcinus to only three species, Dilocarcinus
pagei Stimpson, 1861, D. septemdentatus (Herbst, 1783),
and D. truncatus Rodriguez, 1992.
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A recent taxonomic study of the genus Dilocarcinus
based on morphological and molecular data revealed that
D. septemdentatus (Herbst, 1783) sensu Magalhaes and
Tiirkay (2008) consisted of a species complex with three
species (Franga et al. 2024). One species, D. truncatus
Rodriguez, 1992, could not be included in that study be-
cause it is known only from a single male specimen from
the Beni River in the province of Beni, in the Bolivian
Amazon (Rodriguez 1992; Magalhaes and Tiirkay 2008)
and DNA could not be isolated from a sample of its tissue.

Similarly, D. pagei Stimpson, 1861 also has a somewhat
convoluted taxonomic history. In the first review after its
description by Stimpson (1861), Rathbun (1906a) treated
D. pagei as a synonym of Trichodactylus (Dilocarcinus)
orbicularis (Meuschen, 1781), an unavailable name
according to Opinions 260-261 (ICZN 1954a, b) and
which would correspond to D. septemdentatus (see Franga
et al. 2024). Bott (1969) revalidated D. pagei and divided
it into two subspecies, describing D. (D.) pagei cristatus
Bott, 1969 from the Solimdes River in the Brazilian
Amazon. Soon after, Pretzmann (1978), described
another subspecies, D. (D.) pagei enriquei Pretzmann,
1978 based on a single specimen from the southwestern
Amazon basin in Peru. Lopretto (1981) synonymized
D. (D.) pagei cristatus Bott, 1969 under the nominal
form, an action that was followed by Rodriguez (1992)
and Magalhaes and Tiirkay (1996; 2008). Magalhaes and
Tiirkay (1996) provisionally recognized D. pagei enriquei,
but later (Magalhaes and Tiirkay 2008), those authors
synonymized it under D. pagei because they understood
that the somatic differences in the carapace and pereopods
of'its holotype were due to abnormal characteristics of this
single specimen, since other specimens from the Peruvian
Amazon did not exhibit such characteristics (that were not
reflected in morphological differences of the gonopods
from the other male specimens examined).

Dilocarcinus pagei [. s. has the widest distribution
of a trichodactylid crab (Magalhdes and Tiirkay 2008),
that encompasses much of the neotropical region of
South America where it is found along the lowlands of
the Amazon basin through Colombia, Peru, Brazil, and
Bolivia, as well as in the rivers of the Paraguay and
lower Parana rivers basins, in Brazil, Paraguay, and
Argentina (Magalhdes and Tiirkay 2008). The pres-
ence of this species in the upper Parana River basin, in
the Brazilian states of Parana, Sao Paulo, and Minas
Gerais (Magalhaes et al. 2005; Azevedo-Santos and
Lima-Stripari 2010) may be the result of anthropic action
(Magalhaes et al. 2005; Magalhaes 2016).

Previous studies have revealed that other species of
freshwater crabs that have a wide geographic distribution
may actually be species complexes with a high degree of
morphological similarity but showing distinctions in oth-
er biological aspects (Ng and Yeo 2007; Souza-Carvalho
et al. 2017; Franga et al. 2024). In these cases, the use of
molecular tools has been very useful in recognizing cryp-
tic species and therefore helping to clarify and, in most
cases, resolve a number of taxonomic problems (Daniels
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et al. 2003; Jesse et al. 2010; Keikhosravi and Schubart
2013; Phiri and Daniels 2014, 2016; Souza-Carvalho et
al. 2017, 2025; Mantelatto et al. 2022, 2024; Peer et al.
2023; Franca et al. 2024).

In this study, we present the phylogeny of the genus
Dilocarcinus obtained from an integrative study based
on morphological and molecular data using two mito-
chondrial genes, a taxonomic revision of the species
D. pagei sensu Magalhdes and Tiirkay (2008) along its
range of distribution to assess its genetic variability and
to evaluate whether it is a species complex.

Materials and methods
Sampling

The specimens used are deposited in the crustacean
collection of the following institutions: Cole¢ao de
Crustaceos do Departamento de Biologia (CCDB),
Faculdade de Filosofia, Ciéncias e Letras de Ribeirdo
Preto, Universidade de Sdo Paulo, Ribeirao Preto, Brazil;
Colecdo de Zoologia do Departamento de Zoologia,
Universidade Federal do Rio Grande do Sul (UFRGS),
Porto Alegre, Brazil; Instituto Nacional de Pesquisas da
Amazonia (INPA), Manaus, Brazil; Forschungsinsitut
und Naturmuseum Senckenberg (SMF), Frankfurt a.
M., Germany; Museu Paraense Emilio Goeldi (MPEG),
Belém, Brazil; Museu de Zoologia, Universidade
Estadual de Londrina (MZUEL), Londrina, Brazil; Museu
de Zoologia, Universidade de Sao Paulo (MZUSP), Sao
Paulo, Brazil; Museum der Natur-Zoologie (ZMH),
Leibniz-Institut zur Analyse des Biodiversitidtswandels,
Hamburg, Germany; Naturhistorisches Museum Wien
(NHMW), Vienna, Austria. Additional specimens were
obtained through new collections carried out in the region
of the upper Parand River basin under the collection
permits (see acknowledgements) and through donations
from other researchers. In addition to the morphological
examination of the specimens, muscle tissue samples
were obtained for molecular analysis. Tissues of the
holotypes of Dilocarcinus pagei enriquei Pretzmann,
1968 and Dilocarcinus truncatus Rodriguez, 1992 were
sampled but DNA extraction proved to be unfeasible.

Obtaining molecular data

Molecular analyses were performed with fragments of
two mitochondrial genes, Cytochrome Oxidase I subunit
(COI) and 16S rRNA (16S). Both genes have proven to
be effective in a number of studies that used molecular
analyses of decapod crustaceans, including phylogenet-
ic and variability studies of different groups (Buranelli
et al. 2019; Oliveira et al. 2021; Mantelatto et al. 2021)
and freshwater crabs (Souza-Carvalho et al. 2017,
2025; Mantelatto et al. 2022, 2024; Peer et al. 2023;
Franca et al. 2024).
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The DNA extraction, amplification, purification, and
sequencing steps followed the protocols of Schubart et
al. (2000) adapted according to Mantelatto et al. (2018).
DNA extraction was performed from the muscle tissue
of adult male pereopods, using a protocol with Chelex®
Resin (Estoup et al. 1996) and the concentration and
quality of the extraction products were evaluated using
a spectrophotometer of the type NanoDrop® 2000/2000 ¢
(Thermo Scientific, Wilmington, DE, USA).

The fragments of COI and 16S were amplified by the
PCR technique, using the specific primers (Table 1), with
the following cycle: initial denaturation at 94 °C for 5
min, 40 cycles of denaturation at 95 °C for 45 sec, with
annealing at 50 °C (COI) and 48 °C (16S) for 1 min, ex-
tension at 72° C for 1 min and a final extension step at 72
°C for 10 min. The PCR products were evaluated by elec-
trophoresis, visualized using an L-PIX EX® photo doc-
umenter on agarose gel (1.5%) and later purified using
the SureClean® Plus kit (Bioline Reagents, London, UK),
according to the supplier’s protocol, and, subsequently,
sequenced using the ABI Big Dye® Terminator Mix on an
ABI Prism 3100 Genetic Analyzer® following the manu-
facturer’s protocols (Applied Biosystem).

The obtained strands (forward and reverse) were edit-
ed and used to create consensus sequences on Geneious
Prime® (2021.2.2 Biomatters Ltd), with identification
confirmed by BLAST from NCBI (http://blast.ncbi.nlm.
nih.gov/Blast.cgi). Finally, the sequences were checked
regarding the existence of stop codons in the Expasy plat-
form (https://web.expasy.org/translate/). The information
corresponding to the specimens used in the analyses was
listed in Table 2.

Molecular analysis

Molecular analysis used the new sequences generated from
our analysis, including its congeners D. septemdentatus,
D. spinifer H. Milne Edwards, 1853, D. montinavis
Franga, Magalhdes & Mantelatto, 2024, and outgroup
Goyazana castelnaui (H. Milne Edwards, 1853) obtained
from Franga et al. (2024). All sequences are listed in
Table 1 and available on GenBank.

The alignments used in both analyzes were obtained
by the multiple alignment method, on the MAFFT on-
line server v.7 (Katoh et al. 2019) (http://mafft.cbrc.jp/
alignment/server/). Concatenated alignments, with all
the sequences from both genes of Dilocarcinus and con-
taining the outgroup, were used for the elaboration of the
phylogram by Bayesian Inference method (BI) and by the
Maximum Likelihood method (ML).

The BI analysis was performed in BEAST v.2.6.7
(Drummond and Rambaut 2007), with all parameters
and input files predefined and generated in BEAU-
TI v.2.6.7 (Bouckaert et al. 2019). Both replacement
models used were defined from MODELFINDER of
IQ-TREE and MEGA 10.0.5, following the Bayesian
Information Criterion (BIC). The model chosen for the
COI alignments was TN93+G (G = 0.29) and for 16S
it was HKY+G (G = 0.82). For this analysis, the fol-
lowing parameters were also considered: Birth-Death
Model, sampling of a tree every 30.000 generations for
100 million generations, sampling frequency equal to
100.000, and 25% burn-in. Three runs were performed
in Beast, with the same parameters, and each result was
evaluated in TRACER 1.6. (Rambaut et al. 2014), re-
ferring to ESS (Estimated Sample Size) values, with all
below 200 (Schneider 2017). Later, both results were
combined in LOGCOMBINER v.1.8.4 and the final re-
sult was evaluated from the summary of most trees ob-
tained in TREEANNOTATOR v2.4.4 (Drummond and
Rambaut 2007). In turn, the ML analysis was performed
on the IQ-TREE (http://www.iqtree.org) (Trifinopoulos
et al. 2016), based on the TIM+F+G4 model, select-
ed using the ModelFinder of the IQ-TREE (Kalyaana-
moorthy et al. 2017). Branch consistency was defined
in 1000 bootstrap replicates with the Ultrafast boot-
strap (Hoang et al. 2018). Last, a final phylogram gen-
erated and edited in FIGTREE 1.4.4 (Rambaut 2018)
and presenting the branch support values of both the
analyzes was presented in Fig. 1.

A divergence time estimation analysis with concat-
enated partitions of COI and 16S, was also included in
BEAST. In this analysis were considered all configura-
tions of the phylogenetic analysis by BI, with the addi-
tion of information for the calibration of the molecular
clock (Relaxed Log model), with the offset function of
the exponential distribution, using data obtained from
the fossil record of trichodactylid crabs from the Mid-
dle Eocene (dated to approximately 38—47.8 mya) (see
Klaus et al. 2017).

All specimens used in the phylogenetic evaluation
were subjected to species delimitation analysis, to better
define and to confirm their taxonomic units. Therefore,
alignments of both genes were used as input files for the
Assemble Species by Automatic Partitioning (ASAP)
method (Puillandre et al. 2021) and analyzed on the ASAP
Web online server (https://bioinfo.mnhn.fr/abi/public/
asap/). Delimitation tests were performed using both the
available modes (Jukes-Cantor, Kimura, and Simple Dis-
tance). The main results of those analyses were presented
in the phylogram in Fig. 1.

Table 1. List of used primers, their respective genes, and studies, where they were developed.

Gene Primer Sequences References
col Ptyl 5 CGCCTGTTTATCAAAAACAT 3 Souza-Carvalho et al. (2025)
Pty2 5" CCGGTCTGAACTCAGATCACGT 3
16S 16SL2 5 TGCCTGTTTATCAAAAACAT 3’ Schubart et al. (2002)
1472 5" AGATAGAAACCAACCTGG 3 Schubart et al. (2000)
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Table 2. List of the specimens analyzed. Abbreviations: CCDB, Cole¢ao de Crustaceos do Departamento de Biologia, Faculdade de
Filosofia, Ciéncias e Letras de Ribeirao Preto, Universidade de Sdo Paulo; FLONA, Floresta Nacional; INPA, Instituto Nacional de
Pesquisas da Amazonia; MPEG, Museu Paraense Emilio Goeldi; MZUEL, Museu de Zoologia, Universidade Estadual de Londrina;
MZUSP, Museu de Zoologia, Universidade de Sdo Paulo; UFRGS, Cole¢do de Zoologia do Departamento de Zoologia, Universi-
dade Federal do Rio Grande do Sul; NHMW, Naturhistorisches Museum Wien; ZMH, Museum der Natur-Zoologie, Leibniz-Institut
zur Analyse des Biodiversitidtswandels. Abbreviations of the Brazilian states: AM, Amazonas; AP, Amapa, MG, Minas Gerais; MS,
Mato Grosso do Sul; MT, Mato Grosso; PA, Para; PR, Parana; SP, Sdo Paulo; TO, Tocantins.

Specimen Voucher Locality GenBank
col 16S
D. pagei 004 CCDB 2727 Corumba/MS 0P236468 -
D. pagei 006 CCDB 4603 Ribeirao Preto/SP 0P236469 0P245216
D. pagei 007 CCDB 4603 Ribeirao Preto/SP 0P236470 0P245217
D. pagei 008 CCDB 4603 Ribeirao Preto/SP 0P236471 0P245218
D. pagei 009 CCDB 2972 Porto Murtinho/MS 0P236472 0P245219
D. pagei 010 CCDB 2972 Porto Murtinho/MS 0P236473 0P245220
D. pagei 011 CCDB 2972 Porto Murtinho/MS 0P236474 0P245221
D. pagei 012 CCDB 3108 Sertaozinho/SP 0P236475 0P245222
D. pagei 013 CCDB 3108 Sertaozinho/SP 0P236476 0P245223
D. pagei 014 CCDB 3108 Sertaozinho/SP 0P236477 0P245224
D. pagei 015 CCDB 4342 Carmo do Rio Claro/MG 0P236478 0P245225
D. pagei 016 CCDB 4342 Carmo do Rio Claro/MG 0P236479 0P245226
D. pagei 017 CCDB 4342 Carmo do Rio Claro/MG 0P236480 0P245227
D. pagei 021 CCDB 6338 Castilho/SP 0P236481 0P245228
D. pagei 022 CCDB 6338 Castilho/SP 0P236482 0P245229
D. pagei 023 CCDB 6338 Castilho/SP 0P236483 0P245230
D. pagei 024 CCDB 2727 Corumba/MS 0P236484 -
D. pagei 025 CCDB 2727 Corumba/MS 0P236485 0P245231
D. pagei 030 CCDB 1461 Coldémbia/SP 0P236486 -
D. pagei 055 INPA 1756 Carmo do Rio Claro/MG 0P236487 -
D. pagei 090 INPA 1311 Puerto Voluntad, Paraguay 0P236488 -
D. pagei 091 INPA 1311 Puerto Voluntad, Paraguay 0P236489 -
D. pagei 092 INPA 1311 Puerto Voluntad, Paraguay 0P236490 0P245232
D. pagei 093 INPA 872 Viradouro/SP 0P236491 0P245233
D. pagei 094 INPA 872 Viradouro/SP 0P236492 0P245234
D. pagei 095 UFRGS 3425 Pantanal/MS 0P236493 -
D. pagei 097 INPA 1313 Concepcion, Paraguay 0P236494 -
D. pagei 098 INPA 1313 Concepcion, Paraguay 0P236495 -
D. pagei 100 INPA 366 Pantanal/MT 0P236496 0P245235
D. pagei 101 INPA 366 Pantanal/MT 0P236497 0P245236
D. pagei 111 INPA 774 Sao José do Rio Preto/SP 0P236498 0P245237
D. pagei 112 INPA 894 Londrina/PR 0P236499 0P245238
D. pagei 117 INPA 1307 Aquidauana/MS 0P236500 0P245239
Dilocarcinus cristatus 019 CCDB 5109 Porto de Moz/PA 0P236501 0P245240
D. cristatus 020 CCDB 5109 Porto de Moz/PA 0P236502 0P245241
D. cristatus 026 CCDB 5109 Porto de Moz/PA 0P236503 0P245242
D. cristatus 066 INPA 795 Silves/AM - 0P245244
D. cristatus 086 INPA 2491 Santarém/PA 0P236504 0P245245
D. cristatus 113 INPA 456 llha da Marchantaria/AM 0P236505 -
D. cristatus 153 MPEG 595 Santa Cruz do Ariri/PA - 0P245246
D. cristatus 166 INPA 795 Silves/AM - 0P245247
Dilocarcinus pagei enriquei (Holotype) NHMW 4173 Pucallpa, Peru - -
Dilocarcinus spinifer 027 CCDB 5034 Altamira/PA 0P252629 -
D. spinifer 028 CCDB 5034 Altamira/PA 0P252630 -
D. spinifer 029 CCDB 5034 Altamira/PA 0P252631 -
Dilocarcinus septemdentatus 033 INPA 800 Carauari/AM 0P252632 0P263690
D. septemdentatus 034 INPA 800 Carauari/AM 0P252633 -
D. septemdentatus 045 INPA 805 Res. Mamiraua/AM 0P252634 0P263691
Dilocarcinus montinavis 050 (Paratype) INPA 584 Serra do Navio/AP 0P252635 0P263692
D. montinavis 159 MPEG 1045 FLONA do Amapa/AP 0P252636 0P263693
D. montinavis 160 MPEG 1045 FLONA do Amapa/AP - 0P263694
Dilocarcinus truncatus (Holotype) ZMH K-3682 Beni, Bolivia - -
Goyazana castelnaui CCDB 4651 Palmas/TO MG344686  MG344657
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Figure 1. Phylogram generated by the Bayesian Inference and Maximum Likelihood method, with concatenated alignments of the
COI and 168 genes of specimens of Dilocarcinus spp. (D. truncatus not included). The values in the branches correspond to posteri-
or probability (left) and 1000 bootstrap replicates (right). The recovered branches, in both approaches (BI and ML) were considered
with high support value (> 90%), showing the recovered lineages. * = bootstrap values < 90%. Dashed squares and Roman numerals
= other internal groupings of D. pagei with high posterior probability value. ASAP = species delimitation test.

Alignments for each gene, containing only the se-
quences of D. pagei, were submitted to DNASP 6 (Rozas
et al. 2017) to calculate the number of haplotypes, hap-
lotype diversity (Hd), and preparation of the respective
input files for the elaboration of the haplotype networks,
built through statistical analysis of parsimony in the TCS
Networks of the POPART 1.7 software (Clement et al.
2002; Leigh and Bryant 2015), for both genes. The same
alignments were used for the elaboration of two genetic
distance matrixes (Table 3), one for each gene, obtained
from MEGA 10.0.5 (Kumar et al. 2018).

Morphological analysis

The morphological analysis was carried out based on
specimens from different areas in the known distribution
of D. pagei lato sensu Magalhaes and Tiirkay (2008) and
was conducted based on the examination of 379 speci-
mens of D. pagei and 132 of D. cristatus (see Material
examined for both species). The sex of each specimen
was indicated by &' = male; @ = female, and the months
are given in roman numerals. Other abbreviations used
are: cw = carapace width; cl = carapace length; G1 = male
first gonopod; Ma = linear age in millions of years
before present; Myr = elapsed time in millions of years
(according to Gradstein 2020).

For the complete morphological analysis, the original
diagnosis of the species and subspecies was considered, as
well as characters used by Bott (1969), Lopretto (1981),
and Magalhaes and Tiirkay (2008). This analysis was con-
ducted by assessing somatic characters (shape and number
of carapace anterolateral teeth; number of fused pleonal
somites; presence or absence of transversal carina at the

anterior base of the III pleonal somite; presence or absence
of heterochely, type of dentition of the chelae, presence or
absence of a longitudinal row of spines on the lower border
of the merus), and gonopod characters. The terminology
for gonopod structures was adapted from Magalhdes and
Tiirkay (2008). In addition, a search for other potentially
taxonomically informative characters was also performed,
but none was found relevant.

The morphological characters were evaluated using a
Leica® MZ9 5 stereomicroscope with a Leica® DFC 295
camera attached, and a NanoCT-Scan, from the Center for
Documentation of Biodiversity (CDB/FFCLRP/USP).
The high-resolution GE Phoenix v|tome|x s 240 Nano
CT equipment was used to obtain computed tomography
scans of the gonopods of adult males, and 3D image vol-
ume processing and reconstruction were performed us-
ing GE PHOENIX DATOS| x 2 and volume analysis and
image editing were obtained through VGSTUDIO 3.0
(Volume Graphics) (see Mantelatto et al. 2022 for more
equipment details).

Results

Molecular analyses

The reconstructed phylogram obtained (Fig. 1) retrieved
two well-supported clades: the first encompassing the
species D. spinifer, D. septemdentatus, and D. montinavis
and the second one composed of different populations of
D. pagei lato sensu (according to Magalhdes and Tiirkay
2008). The lower clade includes the three taxa associat-
ed with the D. septemdentatus species complex and that
have already been addressed by Franca et al. (2024).
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The upper clade is further divided into two groups that
show a clear separation in their geographic distribution:
the specimens grouped in the lower clade show a north-
ern distribution, restricted to the Amazon basin, whereas
those grouped in the upper clade have a southern distri-
bution, with all occurring in localities from the Paraguay
and Parand River basins. The southern clade is addition-
ally separated into three different lineages (see dashed
squares I, II, and III in Fig. 1), but without any genetic
support, according to the species delimitation test per-
formed (ASAP - Fig.1).

The analysis of divergence time pointed to an interval
among 18 and 6 Ma., in which it is estimated that
cladogenesis separated the lineages representing D. pagei
s .s. and D. cristatus (Fig. 2). One can also notice that the
cladogenesis process of the D. septemdentatus species
complex may have occurred first, between 22 to 8 Ma
(mean 15 Ma), giving rise to the lineage today known as
D. septemdentatus, and the clade composed of D. montinavis
and D. spinifer emerged around 16 to 5.5 Ma (mean 11 Ma).

The haplotype network generated with D. pagei sensu
Magalhaes and Tiirkay (2008) sequences recorded 26
haplotypes (dH = 0.97) for COI (Fig. 3A) and 28 haplo-
types (dH = 0.98) for 16S (Fig. 3B). The size of the circles
is proportional to the haplotype frequency; haplotypes
with low frequency were not presented in the networks,
being concatenated by similarity. Each haplogroup corre-
sponds to one of the lineages observed in the phylogram,
with the two haplogroups delimited by dashed lines in red
(D. pagei) and green (D. cristatus).

In addition to the high posterior probability values,
which supported the phylogram clades (Fig. 1), the
relationship between Dilocarcinus species was also
strongly supported by genetic divergence analysis, for
both genes (Table 3).

the Parand—Paraguay basin have a lateral margin that is
continuous and the lateral side and the subdistal lobe
is rounded and well developed. The G1 morphology of
most of the Amazonian specimens is similar to that ex-
hibited by specimens assigned by Bott (1969) to the sub-
species D. pagei cristatus (see Bott 1969: pl. 20, fig. 48;
Magalhaes and Tiirkay 2008: 194, fig. 9a, b), while the
G1 of the majority of those from the Paraguay—Parana
river basin resembles that illustrated for D. pagei pagei
(see Bott 1969: pl. 20, fig. 47).

All groups associated with D. pagei [. s. share a prom-
inent transverse carina along the anterior margin of the
third pleonal somite in both males and females, a charac-
ter exclusive to these species among the trichodactylids.

Taxonomy

The results of the molecular and morphological anal-
yses (Figs 1-5, Table 3) show that D. pagei I. s. com-
prises a species complex with two distinct groups that
each have a clear geographical division. The group that
is distributed in the Paraguay—Parana river basin keeps
the name D. pagei Stimpson, 1861, because the type
locality of this species is in Paraguay. The Amazon ba-
sin group is recognized here as D. cristatus Bott, 1969
because the type locality of this taxon is near Manaus
and is the oldest name available.

The systematics of D. septemdentatus, D. spinifer,
and D. montinavis was presented by Franca et al.
(2024) and the taxonomy of D. truncatus based on
morphological characters was dealt with by Rodriguez
(1992) and Magalhaes and Tiirkay (2008). Below, we
present the taxonomic treatment for the D. pagei I. s.
species complex.

Table 3. Genetic distances of Dilocarcinus spp. evaluated for COI (diagonal below) and 16S (diagonal above) genes. Values in

percentage (%).

COl / 16S

1 2 3 4 5
1 D. pagei 4.0-6.5 - 6.7-9.3 8.6-12.5
2 D. cristatus 6.1-9.4 - 6.9-8.6 8.9-12.1
3 D. spinifer 11.7-13.9 12.5-15.1 - -
4 D. septemdentatus 11.6-13.9 13.8-16.4 5.3-5.9 5.2-8.5
5 D. montinavis 11.6-13.6 12.9-16 4.1-4.4 4.9-5.3
Morphological analysis Order Decapoda Latreille, 1803

Dilocarcinus pagei I. s. are conservative in terms of
their somatic and gonadal morphologic characters, but
a slight variation in their gonopod morphology can be
used to distinguish between specimens from the Ama-
zon basin and those from the Parand—Paraguay basin.
The G1 of the examined specimens from the Amazon
basin have a lateral margin with a median discontinuity
and the lateral side has a rounded, weakly developed
subdistal lobe, whereas the G1 of the specimens from

zse.pensoft.net

Family Trichodactylidae H. Milne Edwards, 1853
Genus Dilocarcinus H. Milne Edwards, 1853

Dilocarcinus cristatus Bott, 1969, new status
Figs 1-5C-1

Orthostoma septemdentatum — Nobili 1898: 9 [part].

Trichodactylus (Dilocarcinus) orbicularis — Rathbun, 1904: 242 (in
list) [part]. — Rathbun 1906a: 58, text-fig. 119; pl. 18, figs 3, 8
[part]. — Rathbun 1906b: 504 (in list). — Rathbun, 1910: 605 (in
list). — Balss 1914: 409. — Coifmann 1939: 113 (in list) [part].
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Trichodactylus (Dilocarcinus) septemdentatus — Holthuis, 1959: 2018.

Dilocarcinus (Dilocarcinus) pagei cristatus Bott, 1969: 47, pl. 9,
figs 17a, b, pl. 20, fig. 48. — Lopretto, 1981: 22.

Dilocarcinus (Dilocarcinus) pagei enriquei Pretzmann, 1978: 168,
fig.10. — Pretzmann 1983a: 309, pl. 1, fig. 3; pl. 2, fig. §; pl. 3,
fig. 12; pl. 4, fig. 14; pl. 5, fig. 20. — Pretzmann 1983b: 324.

Dilocarcinus (Dilocarcinus) pagei enricei [sic!] — Pretzmann 1983b:
318 [Spelling error].

Dilocarcinus pagei — Rodriguez 1992: 15 (in list), 108 (in key), 125,
figs 1B, 4AA, 81, 13], 14D, 44D-G [part]. — Magalhdes 1998: 519
[part]. — Barros and Pimentel 2001: 32 (in list). — Morrone and
Lopretto 2001: 52, fig. 8 (map), 53 [part]. — Magalhaes 2002: 1100,
tab. 1 (in list). — Magalhaes 2003: 203 (in key), 204, figs 106 (map),
107 [part]. — Campos 2005: 75, fig. 17. — Magalhaes and Tiirkay
2008: 187 (in key), 190, figs 8b, 8¢, 9, 10, 11 (map) [part]. — Cum-
berlidge et al. 2009: suppl. material, 26 (in list) [part]. — Campos
2014: 200: figs 68 A—G, 69 (map). — César and Damborenea 2015:
3, fig. 1. — Magalhdes 2016: 431 (in list), 438, pl. 1 [part]. —
Magalhaes et al. 2018: 4 (in list), 9, 32. — Rogers et al. 2020: 946
(in key), figs 23.116B, 23.127A, 23.134B [part].

Dilocarcinus pagei pagei — Magalhaes and Tiirkay 1996: 67 (in list),
78 (in list) [part]. — Ng et al. 2008: 187 (in list) [part].

Dilocarcinus pagei enriquei — Magalhdes and Tirkay 1996: 67 (in
list), 78 (in list) [part]. — Ng et al. 2008: 187 (in list).

Diagnosis. G1 (Figs 4, 5C-F) ventral margin with
more or less pronounced median discontinuity (“md” in
Fig. 5C-F); lateral side with rounded, well-developed
subdistal lobe (“sI” in Fig. 5C, E).

Description. Carapace suborbicular, markedly
convex, dorsally smooth; front unarmed, deflexed,
distinctly bilobed; anterolateral margin with 6-7 nar-
row, sharp teeth after exorbital tooth. Pleon with so-
mites III-VI fused; third somite with distinct trans-
verse carina along distal margin in both sexes; male
telson subtriangular, anterior margin nearly as long as
posterior margin of pleonal somite VI, proximal por-
tion of telson outer margins convex, tip rounded. G1
(Figs 4, 5C—F) slender, distal half slightly curved in
lateral direction; ventral margin with more or less pro-
nounced median discontinuity, bearing proximal and
median patches of setae of varying lengths; dorsal bor-
der slightly convex; marginal suture following mesi-
al surface, slightly twisted towards lateral and dorsal
surfaces close to apex after subdistal lobe; marginal
suture proximal portion bearing row of short and long
setae; lateral surface of apical portion with rounded
subdistal lobe covered by dense patch of small spines,
less dense across dorsal surface of apical portion; me-
sodorsal surface of apical portion covered by dense
subdistal tuft of short and long setae; apex short, flat;
gonopore narrow, positioned terminally.

Type locality. Solimdes River, Careiro, near Manaus,
Amazonas, Brazil.

Distribution. Lowlands of the Amazon basin in
Colombia, Brazil (Amapa, Amazonas, Pard, Rondonia),
Peru and Bolivia (Fig. 6) (Bott 1969; Rodriguez 1992;
Magalhaes and Tiirkay 2008; present study).

Material examined. Holotype: BRAZIL « & (cw
40.9 mm, cl 31.0 mm); Amazonas, Solimdes River, Ca-
reiro [Parand do Careiro, ~ 03°11'13"S, 59°51'33"W],
near Manaus; E-J. Fittkaui coll.; SMF 2717.

Other material. BRAZIL — Amapa * 1 J; Jipiuca,
Estacdo Ecologica Maraca; 2.ix.1995; M. Fernandes;
MZUSP 12755. — Amazonas: * 2 33 4 29; Solimdes
River, Janauaca lake, 25.viii.1978; J. Donath; INPA 139
*3 33 1 2; Solimdes River, Costa do Cataldo, close to
Manaus; vi.1984; A.G., Santos; INPA 292 ¢ 2 9 Q; Jurupa
River, Amana lake; 27.viii.1979; R. Best; INPA 293 « 1
&' Rio Negro, Ponta do Macaco; 2.x.1982; INPA 296 * 3
33 3 29; Solimdes River, Marchantaria Island; v.1986;
J. Aims; INPA 456 « 3 3 Silves, channel of Purema;
02°48'44"S, 58°8'24"W; 10.x.1998; M.N.F. Da Silva;
INPA 795 « 4 33 2 99; Tefé, Sustainable Development
Reserve of Mamiraua, Zone of Jaraua; xii.1993; P. Hen-
derson; INPA 801 * 9 3 3 QQ; Tefé, Sustainable Devel-
opment Reserve of Mamiraud, Volta Lake; 23.iii.1995; P.
Henderson; INPA 803 « 1 &' 1 Q; Purus River, Campina
lake, Beruri City; 04°53'7"S, 62°54'51"W; 5.vi.2001; L.
Rapp Py-Daniel; INPA 1302 < 1 &; Purus River, Parana
Itapuru; 04°17'1"S, 61°54'9"W; 11.vi.2001; L. Rapp
Py-Daniel; INPA 1306 « 3 33 2 Q9; Madeira River,
Xada lake, Parana close to the community of Sdo Car-
los; 19.iv.2005; team PROBIO/Ictio; INPA 1454 « 1 Q;
Cambixe, Careiro Island; 25.x.1963; J. Delome; MZUSP
1790 « 4 44 2 @9Q; Baixio Island; x.1963; J. Delome;
MZUSP 1791 « 1 &; Solimdes River; MZUSP 3593
* 1 &; Humaitd; 1975; F.R. Galvani and L.C. Oliveira;
MZUSP 4761 » 3 33; Tefé lake; 12.vii.1976; P. Vanzoli-
ni; MZUSP 4765 « 1 &; Supia lake, Codajas, 24.x.1968;
E.P.A; MZUSP 6317 * 1 &; Madeira River; P. Vanzolini;
MZUSP 6358 — Para: » 2 33 1 Q; Curud—Una River,
close to Altamira; x.1983; R. Huet and A.G. Santos; INPA
320 * 1 &; Marajo6 Island, Santa Cruz do Ariri, 5.v.1998;
D. Embert and L. Dirksen; MPEG 595 ¢ 1 &; Oriximina;
22.v.1999, M.E. Dezincourt; MPEG 667 « 3 &; Santarém;
21.x1.1999; team of Laboratdrio de Pesquisa em Herpe-
tologia da Amazonia; MPEG 680 ¢ 1 @; same locality,
29.xi1.1999; M.S. Reis; MPEG 681 * 2 33 2 29; Am-
azonas River, Santarém; 02°23'21.0"S, 54°42'42.1"W;
05.vii.2011; J. Zuanon and E. Ferreira; INPA 2491 « 14
33 8 22, Xingu River; Porto de Moz; 01°43'52.3"S,
52°15'14.8"W; 4.iii.2014; R. Robles et al.; Projeto i-Xin-
gu; CCDB 5109 + 23 J; Xingu River; Porto de Moz;
01°43'55.3"S, 52°15'14.8"W; 4.1ii.2014; R. Robles et al.;
Projeto i-Xingu; CCDB 8560 « 1 & 1 @; Xingu River;
Porto de Moz; 01°43'52.3"S, 52°15'14.8"W; 4.1ii.2014; R.
Robles et al.; Projeto i-Xingu; MZUSP 1654 « 1 &'; Marajo
Island; vi.1958; P.E. Vanzolini; MZUSP 1799 « 1 &; same
locality; 1966; N. Menezes and H. Britski; MZUSP 2142
* 533 2 99; Marajé Island, Arari River,; vii.1965 N.
Menezes; MZUSP 2288 « 8 &J'; Maraj6 Island, Cachoei-
ra do Arari; vii.1966; N. Menezes and H. Britski; MZUSP
2413 « 7 8J'; same data as for preceding; MZUSP 2414
e 2 Q9Q; Taperinha, 1-11.ii.1968, E.P.A; MZUSP 4766
e 1 Q; Oriximina, Uraria lake; 7.ii.1967, H.A. Britski;
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Figure 2. Phylogram with estimated divergence times generated by the Bayesian Inference method, based on concatenated align-
ments of the COI and 16S genes of Dilocarcinus species (D. truncatus not included). Blue bars = 95% posterior confidence intervals

(HPD). Scale in millions of years (Ma).

MZUSP 4767 « 1 Q; same locality; 14.x.1968; P.E. Van-
zolini; MZUSP 4773 « 1 &; Fazenda Taperinha, San-
tarém; xi.1969; E.P.A; MZUSP 6300 « 5 33 4 Q9Q; same
locality; xi.1970; E.P.A; MZUSP 6308 « 3 33 1 Q; same
data as for preceding; MZUSP 6311 — Rondénia: * 2
33 2 29; mouth of Guaporé River, 16.vi.1984, J.C.
Malta; INPA 291 « 1 &; Madeira River, waterfall of Gua-
jara-Mirim River; 10°46'47"S, 65°20'37"W; 4.v.1998;
Victor Py-Daniel et al.; INPA 1305 « 1 &; Cautario River,
Costa Marques; 12°03'21.9"S, 64°22'35.3"W, 01.vi.2003,
G. Villara; INPA 2490. PERU — Loreto departament,
Provincia de Ucayali * 4 99; Rio Ucayali, Contamana;
31.v.1996; H. Ortega; INPA 799. — Ucayali departa-
ment, Provincia Coronel Portillo; INPA 797 « 2 9 Q; Yar-
inacocha; 15.xi.1996; H. Ortega; INPA 797 « 1 &, cw 40.6
mm cl 31.2 mm, holotype of Dilocarcinus (Dilocarcinus)
pagei enriquei Pretzmann, 1978 (NHMW 4173), Ucayali
River, Pucallpa, vi.1970, E. M. del Solar. — Madre de
Dios departament, Provincia de Tambopata * 2 4'J; Tam-
bopata, Valencia lake; 27.vii.1995; F. Chang; INPA 798.
Remarks. Bott (1969) described D. pagei cristatus as
a subspecies by differentiating it from the nominal form
by the presence (D. pagei pagei) or absence (D. pagei
cristatus) of heterochely. Lopretto (1981) found hetero-
chely in specimens from the same population and did not
recognize subspecies for this taxon, a recommendation
that was followed by Rodriguez (1992) and Magalhaes
and Tiirkay (2008). The present study, based on a mo-
lecular analysis using two mitochondrial genes (COI and
16S), however, allows us to recognize D. cristatus for the
specimens distributed in the Amazon basin. Despite the
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general similarity of the G1, some subtle features of this
structure can be considered to morphologically differen-
tiate the two groups: the shape of the ventral margin (that
has a median discontinuity in D. cristatus, and is contin-
uous in D. pagei) and the subdistal lobe of the ventral
surface (which is slightly less developed in D. cristatus
than in D. pagei). The G1 of some individuals, however,
exhibits morphologies intermediate between these two
character states, as observed in three specimens from the
Amazon basin: INPA 1302 (Beruri, state of Amazonas,
Brazil) (Fig. 5G), INPA 2491 (Santarém, state of Para,
Brazil) (Fig. 51), and INPA 798 (Tambopata, Department
of Madre de Dios, Peru) (Fig. SH).

Pretzmann (1978) described D. (D.) pagei enriquei
from the Peruvian Amazon based on a single individual,
distinguishing it from the nominal form only by a few,
somewhat variable, somatic characters of the carapace
and pereiopods, which led Rodriguez (1992) to syn-
onymize it under D. pagei. This action was corroborated
by Magalhdes and Tiirkay (2008), who did a compara-
tive study of G1 and verified that its morphology did not
significantly differ from that of the nominal form. We
have attempted unsuccessfully to amplify DNA from a
tissue sample of the holotype of D. pagei enriquei and,
therefore, we relied on the G1 morphology to evaluate
the taxonomic status of this taxon. Although the median
discontinuity of the lateral margin of the G1 of the ho-
lotype of D. pagei enriquei (see Magalhdes and Tiirkay
2008: 194, fig. 10) is slightly less pronounced than that
exhibited in the G1 of D. cristatus (Fig. 4), the morpholo-
gy of their G1 is otherwise very similar, and was also seen
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Figure 3. Haplotype networks by the parsimony of (A) COI and (B) 16S genes of Dilocarcinus cristatus (green dashed line) and
D. pagei (red dashed line) specimens. Colors correspond to the arrangement of haplotypes by hydrographic basins. The size of the

circles is proportional to the haplotype frequency. Haplotypes with low frequency were not presented. Haplogroups are delimited by

dashed lines, and with colors corresponding to lineages.

in other Peruvian specimens (e.g., INPA 797, INPA 798,
INPA 799). Thus, we prefer to maintain D. pagei enriquei
as a synonym of D. cristatus considering the similarity of
their G1s and their Amazonian distribution.

Dilocarcinus pagei Stimpson, 1861
Figs 1-3, 5A, B

Dilocarcinus septemdentatus — Nobili 1896: 1 [part].

Orthostoma septemdentatum — Nobili 1898: 10 [part].

Dilocarcinus pagei Stimpson, 1861: 373. — Rodriguez 1981: 48 (in
list). — Rodriguez 1992: 15 (in list), 108 (in key), 125 [part]. —
Morrone and Lopretto 1994: 100, fig. 19; 107 (in list). — Morrone
and Lopretto 1995: 4 (in list). — Morrone and Lopretto 1996: 71 (in
list). — Magalhaes 1998: 519 [part]. — Magalhaes 2000: 25, 56, 59
(in list), 60, 61, 120, 144, 175, 178, 180, 181, 288, 289. — Morrone
and Lopretto 2001: 52, fig. 8 (map), 53 [part]. — Magalhaes 2001:
70 (in list), 133 (in list), 138 (in list). — Magalhaes 2003: 203 (in
key), 204, figs 106 (map), 107 [part]. — Collins et al. 2004: 254 (in
list). — Magalhées et al. 2005: 1934, fig. 1-5. — Magalhées and
Tirkay 2008: 187 (in key), 190, figs 8a, 11 (map) [part]. — Cumber-
lidge et al. 2009: suppl. material, 26 (in list) [part]. — Azevedo-San-
tos and Lima-Stripari 2010: 200, fig. 1. — Magalhées 2016: 431 (in
list) [part]. — Rogers et al. 2020: 946 (in key) [part].

Dilocarcinus septemdentatus — Moreira 1901: 49 [part.].

Trichodactylus (Dilocarcinus) orbicularis — Rathbun, 1904: 242 (in
list) [part]. — Rathbun 1906a: 58 [part]. — Moreira, 1912: 151,
pl. 5. — Moreira, 1913: 19, pl. 7. — Colosi 1920: 13 (in list), 15.

— Coifmann 1939: 113 (in list) [part]. — Ringuelet, 1948: 325. —
Ringuelet, 1949: 101, pl. 9, fig. 2.

Dilocarcinus (Dilocarcinus) pagei pagei — Bott 1969: 46, pl. 9, figs
16a, b; pl. 20, fig. 47. — Lopretto 1976: 68 (in list), 84, figs 26-29.
— Manning and Hobbs 1977: 159 (in list). — Lopretto 1981: 22.

Dilocarcinus (Dilocarcinus) pagei cristatus — Lopretto 1976: 68 (in
list), 86, figs 14—17. — Lopretto, 1981: 22.

Dilocarcinus (Dilocarcinus) pagei — Lopretto 1981: 23, pls. 1-3. —
Zwink, 1990: 103 (in list).

Dilocarcinus pagei pagei — Magalhdes and Tiirkay 1996: 67 (in list),
78 (in list) [part]. — Lopretto, 1998: 544 (in list). — Ng et al. 2008:
187 (in list) [part].

Diagnosis. G1 with ventral margin gently continuous;
lateral side with rounded subdistal lobe weakly devel-
oped (“sI” in Fig. 5A).

Description. Carapace suborbicular markedly convex,
dorsally smooth; front unarmed, deflexed, distinctly bi-
lobed; anterolateral margin with 6—7 narrow, sharp teeth
after exorbital tooth. Pleon with somites I1I-VI fused; third
somite with distinct transverse carina along distal margin
in both sexes; male telson subtriangular, anterior margin
nearly as long as posterior margin of pleonal somite VI,
proximal portion of telson outer margins convex, tip round-
ed. Gl (Fig. 5A, B) slender, distal half slightly curved in
lateral direction; ventral margin gently continuous, bearing
proximal and median patches of setae of varying lengths;
dorsal border moderately convex; marginal suture follow-
ing mesial surface, slightly twisted towards lateral and
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Figure 4. Dilocarcinus cristatus Bott, 1969, holotype, male, SMF 2717, right first gonopod. A. Whole organ, mesoventral view;

B. Distal portion, mesodorsal view.

dorsal surfaces close to apex after subdistal lobe; marginal
suture proximal portion bearing row of short and long se-
tae; lateral surface of apical portion with well-developed
rounded subdistal lobe, covered by dense patch of small
spines, less dense across dorsal surface of apical portion;
mesodorsal surface of apical portion covered by dense sub-
distal tuft of short and long setae; apex short, flat; gonopore
narrow, positioned terminally.

Type locality. Paraguay.

Distribution. Paraguay and in both upper and low-
er Parand River basins, in Brazil (Mato Grosso, Goias,
Minas Gerais, Mato Grosso do Sul, Sao Paulo, Parand),
Paraguay, and Argentina (Fig. 6).

Type material. Holotype, 1 @, dry (USNM 2463),
date unknown, Page [not examined].

Material examined. BRAZIL — Mato Grosso: * 1
& Cuiaba River, Cuiab4; 6.v.1984; U. Barbosa; INPA
137 + 5 33 1 Q; Rodovia Transpantaneira, Poconé; 7-8.
vi.1985; V.A. Aratjo; INPA 366 « 1 Q; Poconé; L. Amato;
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UFRGS 4431 1 Q; Paranaitd; 18.1.2008; S.N.C. Hernani
Filho; CCDB 2179 ¢ 1 9; Sdo Luiz de Caceres; MZUSP
1652 +3 QQ; Rodovia Transpantaneira; 13.xii.201; J. Vas;
MZUSP 4771 « 1 §; Miranda River, Miranda; ix.1979;
O. Moreira Filho; MZUSP 4774 « 3 99; Mato Grosso;
14.xii.1976; P.E. Vanzolini; MZUSP 63351 &' 1 Q; Arica
River, Km 26, BR 364; 6—13.xi.1982; Equipe de Ictiolo-
gia - DCB — UFSCAR; MZUSP 7050 + 2 33 1 @; Poco-
né, Baia do Pio; 6.vii.1985; V. Aratjo; MZUSP 9502 « 1
Q; Porto Espiridido; 25.xii.1976; P.E. Vanzolini; MZUSP
9516 « 1 &; Arilas River, Equipe DCB; MZUSP 9687 *
2 34 1 Q; confluence of Paraguay and Corumba Rivers;
29.vi.2011; MZUSP 24547 — Goias: * 2 4J; Cataldo;
03.vii.2021; E. Mossolin; CCDB 6822 « 1 & 1 Q; An-
hanguera; 18°20'30.32"S, 48°13'02.45"W; 05.vii.2021;
E. Mossolin; CCDB 6827 * 3 4J; Anhanguera, Fa-
zenda do "Dr. Paiva”, 18°19'59.32"S, 49°14'06.92"W;,
15.x.2021; E. Mossolin; INPA 4795 — Minas Gerais:
* 2 44 Rio Claro, Reservatorio de Furnas, region of
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Figure 5. Computerized nano-tomography images of the right first gonopod of adult males. Dilocarcinus pagei. A. INPA 137,
mesoventral view; B. mesodorsal view. Dilocarcinus cristatus, INPA 292: C. mesoventral view; D. mesodorsal view; MPEG
680: E. mesoventral view; F. mesodorsal view. Schematic outline, mesoventral view of the right first gonopod of adult males:
G. INPA 1302; H. INPA 798; 1. INPA 2491. Abbreviations: md = ventral margin median discontinuity; sl = subdistal lobe.
Scale bar: 5 mm (A-F); 2 mm (G-I).
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Raizama; V.M.A. Santos; INPA 1756 2 &; Carmo do
Rio Claro; 20°57'16.7"S, 46°09'11.1"W; 27.ii.2012; F.L.
Carvalho, L.P. Rezende, D.P. Andrade; CCDB 4341 « 2
431 Q; Fazenda Jactiba, Carmo do Rio Claro; 3.xi.2012;
A.S. Costa; CCDB 4342 « 2 &34 1 Q, Araguari River;
15°27'16.24"S, 48°35'33.12"W; 20.vii.2021; A.C.G.
Bartoze and G. Jacobucci; INPA 4796 * 1 &'; Conquis-
ta, Margin of Rio Grande,; 26.xii.2006; W. Santana and
M. Cardoso Jr.; MZUSP 18680 — Mato Grosso do Sul:
1 &; Aquidauana, Fazenda Taboco, Branch of Taboco
River; 20°3.3'S, 55°38.8'W; 31.iii.1998; C. Magalhaes;
INPA 1307 * 3 43 3 29; Corumba; 15.x.2009; R.
Biagi; CCDB 2727 * 4 338 7 9; same locality;
12.x.2012; Guilherme; CCDB 4348 « 1 &; same local-
ity; 18°59'49.0"S, 57°39'15.2"W; 16.xi.2013; F.L. Car-
valho; CCDB 5013 * 1 &; same locality; 18°48'28.1"S,
57°30'25.9"W; 17.xi.2013; F.L. Carvalho; CCDB 5014
* 4 334 3 29Q; Vermelho River, tributary of the Miran-
da River, Corumba, next to Paco do Lontra; 6.ix.1998;
C. Magalhdes et al.; INPA 1308 « 1 & 2 29; Negro
River, next to rodovia Nhecolandia-BR 262, Corumba;
19°17.1'S, 57°3.3'W; 8.ix.1998; C. Magalhaes et al.;
INPA 1309 * 2 438 6 @ 9; Porto Murtinho; 24.viii.2010;
F.L. Mantelatto; CCDB 2972 + 9 & 6 99; Miranda,
Pantanal sul-matogrossense; 09.vii.2019; J.A.F. Pan-
taledo; CCDB 6470 » 2 4J; 30 km NW de Miranda,
Pantanal sul-matogrossense; 24.vii.1982; L.F.B. de Ol-
iveira; UFRGS 3425 ¢ 1 J&; Paiagués, Fazenda Milagre;
19.vii.1986; F.R. Antonelli; MZUSP 8012 <3 34 3 99;
Miranda River, Base de Pesquisa do Pantanal da UFMS,
4.viii.1989; A.C. Marini; MZUSP 9889 « 4 33 2 2Q;
Lagoon next to BR-262, Miranda; 11.vi.1993; MZUSP
11534 « 6 33 12 2 Q; Surroundings of the city of Miran-
da; 5.iv.2012; MZUSP 25939 « 2 434 2 9Q; Corumba,
Right margin of Paraguay River, Base Experimental da
UFMS, MZUSP 25174 — Sio Paulo: * 1 J; Bebedou-
ro; 21.xii.2009; R.J. Ilario; UFRGS 4565 « 8 33 2 29;
Parand River, Castilho; 23.ix.2017; T. Magalhaes; CCDB
6338 « 1 &; Pardo River, sub-basin of Grande River,
Colombia; 20°10'0.87"S, 48°36'8.35"W; 24.vii.2000;
F.L. Mantelatto; CCDB 1461 » 2 £'J; Viradouro, Basin of
Mogi—Guagu River, Fazenda Trés Barras; 20°54'48.9"S,
48°10'29.6"W; 11.viii.2000; W. Avelar; INPA 8721 3 1
Q; Morro Agudo; 20°47'11"S, 48°01'28"W; 09.iii.2020;
N. Franca, G. Faganello, E. Santos and L. Rogeri; CCDB
6622 » 2 33; same locality; 20°47'11"S, 48°01'28"W;
16.1i1.2020; N. Franca, G. Faganello, E. Santos and L.
Rogeri; CCDB 6623 * 1 J; Ribeirdo Preto, lake of USP-
RP; 21°10'06.31"S, 47°51'26.44"W; 01.iv.2005; E. Mos-
solin; CCDB 2796 * 8 4d' 3 @ Q; Ribeirdo Preto, Dam of
Galo Bravo; 21°07'06.72"S, 47°49'30.32"W; 3.iv.2013;
E.C. Mossolin, M. Negri, T. Magalhdes and R.C. Bu-
ranelli; CCDB 4603 * 5 33 4 QQ; Tieté River, Campo
Grande; viii.2019; A.P. Covich; CCDB 6501 <2 331 @;
Sao José do Rio Preto, municipal reservoir Rio Grande
Basin; 20°48'27"S, 49°21'54.9"W; 12.x.1999; M.A.A.
Pinheiro and G.Y. Hottori; INPA 774 « 2 3&; Viradou-
ro. Basin of Mogi Guagu River, Fazenda Trés Barras;
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20°54'48.9"S, 48°10'29.6"W; 11.viii.2000; W. Avelar;
INPA 872 « 3 33 3 @9Q; Sertdozinho, Usina Sdo Geral-
do; 7.1i1.2008; F.L. Mantelatto, E.C. Mossolin and A.S.
Costa; CCDB 3108 ¢ 1 §; Teodoro Sampaio; 20.ix.2019;
LEPIB; MZUEL 508 * 2 99; Mogi—Guagu River, Bar-
rinha; 12.x.1999; M.A.A. Pinheiros and G.Y. Hattori;
MZUSP 13099 « 6 34 2 QQ; Sdo José do Rio Preto;
12.x.1999; M.A.A. Pinheiros and G.Y. Hattori; MZUSP
13100 * 3 & &; Coldmbia; 20°10'17.0"S, 48°36'13.5"W;
24.vii.2000; W. Avelar; MZUSP 13915 « 3 4J; Rio
Grande, between the cities of Mira Estrela and Cardoso;
20°01'51.7"S, 50°00'59.9"W; 23.1.2003; S. Bueno, S. Ro-
cha and E. Mossolin; MZUSP 15581 1 & 2 29Q; Turvo
River, between the cities of Cardoso and Riolandia;
23.1.2003; S. Bueno, S. Rocha and E. Mossolin; MZUSP
15592 « 1 @; Pardo River, between the cities of Guaira
and Barretos; 24.1.2003; MZUSP 15593 « 3 34 2 29;
Turvo River, between the cities of Icem and Sdo José do
Rio Preto; 20°25'07.1"S, 49°16'03"W; 23.i.2003; S. Bue-
no, S. Rocha and E. Mossolin; MZUSP 15595 « 6 3;
Mogi—Guagu River, Barrinha; 20°11'09"S, 48°10'35"W;
25.1.2003; S. Bueno, S. Rocha and E. Mossolin; MZUSP
15597 « 4 &34 1 Q; Palestina, Fazenda Sao Pedro do
Turvo; 4.xi.2005; A.M. Juares; MZUSP 16920 « 1 J;
same locality; 4.x.2005; A.M. Juares; MZUSP 16924 « 2
QQ; Guapiagu; 15.xii.2005; A.M. Juares; MZUSP 16921
* 26 34 1 Q; Guapiagu, Fazenda Pepelin; 15.xii.2005;
AM. Juares; MZUSP 16922 « 8§ 43 2 29; Guapiagu;
15.xi1.2005; A.M. Juares; MZUSP 1721221 339 29;
Guapiagu, Pesqueiro Pepelin; 10.vi.2007; A.M. Juares;
MZUSP 18340 5 33 6 Q9; Santa Albertina, Pousa-
da Bacuri; 19°57'S, 50°45'W; 31.x.2009; P.H. Carvalho;
MZUSP 20488 « 1 J3; Sdo José do Rio Preto, Dam of
Rio Preto; 1.viii.1994; F.G. Taddei; MZUSP 26391 « 8
dd 5 QQ; Santa Albertina, Pousada Bacuri, Corrego
Schmitt; 19°58'38.78"S, 50°46'43.01"W; 7.ix.2012, M,
Cardoso Jr., R. Garcez and C.E. Lopes; MZUSP 27898
— Parana: < 1 & 1 Q; Basin of Paranapanema River,
em lagos, Fazenda Doralice, Londrina; 22.vi.2002; E.M.
Amado; INPA 894 « 2 33'; Teodoro Sampaio; 20.ix.2019;
LEPIB; MZUEL 509 « 3 &4 2 Q2Q; Porto Rico, Lagoa
das Gargas; 22°45'27"S, 53°16'13"W; 19.ix.2010; PELD;
MZUSP 24316 * 1 &; Cornélio Procopio, Lago Séo Luiz;
22.1.2019; L. Gustavo; MZUSP 42441. PARAGUAY -
3 &d; Paraguay River, Puerto Voluntad; 6.ix.1997, C.
Magalhdes; INPA 1311 * 2 33 2 QQ; Paraguay River,
Puerto Lidia; 20°54'S, 57°55'W; 7.ix.1997; C. Magalhaes
et al.; INPA 1312 « 2 & &; Paraguay River, carca de la
desembocadura del rio Aquidaban; 23°7'S, 57°38'W;
17.ix.1997; C. Magalhdes; INPA 1313 = 2 83 2 29;
Presidente Hayes; MZUSP 25923 « 2 99Q; Caaguazu,
Road of Coronel Oviedo; 7.111.1996; D.W. Fromm and
P.A. Fromm; MZUSP 25929. ARGENTINA — Formo-
sa * 1 &; Rio Pilcomayo National Park; xi.1990; INPA
1304 — Chaco * 1 §; Chaco, Barranqueiras; 27.x.1961;
P. Vanzolini; MZUSP 1793 — Santa Fe * | &; Parana
River, near Santa Fe; 14.xii.2012; C. Magalhaes, P.
Collins and D. Carvalho; INPA 2130.
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Remarks. The upper clade in the phylogram of
Fig. 1 groups all the specimens distributed in the Paraguay—
Parana river system, to which the name D. pagei is avail-
able. The holotype of D. pagei is a dried female specimen
(see Magalhdes and Tiirkay 2008: 191, fig. 8a) but males
of the populations distributed in these southern basins have
a G1 morphology like the one illustrated by Bott (1969: pl.
20, fig. 47) for a specimen from the Paraguay River (SMF
4407). The morphology of this G1 is coincident with that
described above, i.e., with a continuous ventral margin and
a weakly-developed subdistal lobe (Fig. 5A, B).

Discussion
Phylogenetic and morphological relationships

Two species complexes within the genus Dilocarcinus are
evident in the phylogram resulting from the BI and ML
analysis using mitochondrial COI and 16S genes (Fig. 1)
because they form two highly supported clades. The lower
clade, consisting of the species D. septemdentatus,
D. spinifer, and D. montinavis, was discussed by Franga et
al. (2024). The upper clade, composed of D. pagei /. 5. (as
in Magalhaes and Tiirkay 2008), showed a high posterior
probability value that clearly supports a branch from the
Parand—Paraguay river basin (red) and another from the
Amazon basin (green) (Fig. 1). These groupings also
show great genetic divergence in both genes analyzed
(Table 3), and a clear separation between distinct
haplogroups in both haplotype networks (Fig. 3A, B).

The results from both haplotype networks also concur
with the recognition of these two groups at the species lev-
el, with the networks of both genes showing a relatively
high number of evolutionary steps between the Amazon
basin branch and that from the Parand—Paraguay basin
(Fig. 3A, B). Ribeiro et al. (2013) found similar results
for congeneric fish species from the Amazon basin and the
Pantanal (Parana—Paraguay basin), with the occurrence of
many mutational steps between the haplogroups.

The genetic divergence found between lineages from
the Parand—Paraguay basin and Amazon basin was well
supported by all analyses and proved to be sufficient to
determine distinct species, in accordance with the diver-
gence observed between other groups of freshwater crabs
that used the same genetic marker (Daniels et al. 2003;
Jesse et al. 2010; Souza-Carvalho et al. 2017; Mantelatto
et al. 2022; Peer et al. 2023; Franga et al. 2024). Sou-
za-Carvalho et al. (2017), for example, obtained a ge-
netic distance of 10.4-12.6% for COI and 6.8-8.7%
for 16S between lineages of Trichodactylus fluviatilis
Latreille, 1828, which combined with a robust phyloge-
netic analysis and an evaluation of a series of morpho-
logical characters, uncovered a complex of species under
the name of T_ fluviatilis.

Our results reveal the existence of two cryptic com-
plexes species that are each well-defined geographical-
ly, morphologically, and molecularly that were hitherto

considered under the name of D. pagei (see Fig. 1, red
and green clades, respectively). This is based on three
lines of evidence: the wide distribution of D. pagei /. s.;
the great genetic variation found among its representa-
tives from different river basins; and the subtle differenc-
es in the G1 morphology. It is proposed here to keep the
name D. pagei for the clade from the La Plata basin (red),
and to revalidate D. cristatus for the specimens from the
Amazon basin clade (green).

Three other branches, each with a high support
value, can be recognized in the D. pagei s. s. clade, with
posterior probability equal to one (Fig. 1, dashed squares
I, 11, and IIT). However, when comparing the results of the
species delimitation test (ASAP — Fig. 1) and the genetic
distance matrices (Table 3), these subgroups showed little
significant genetic divergence (i.e., less than 3% for both
genes) when compared to other studies on Neotropical
freshwater crabs (Souza-Carvalho et al. 2017; Mantelatto
et al. 2022; Franca et al. 2024). These three subgroups in
the D. pagei s. s. clade correspond to different lineages
that do not coincide with defined geographic patterns. For
example, although specimens in lineages II and III are
found in both the Paraguay basin and upper Parana basin
(although this does not include representatives from the
lower Parand basin), specimens in lineage I all occur in
localities in the Pantanal Matogrossense (Paraguay River
basin). Magalhdes et al. (2005) hypothesized that the
occurrence of D. pagei in the upper Parana River basin
could have been caused by human action and one of the
hypotheses for this could be the translocation of specimens
used as bait for sports fishing from the Pantanal region
to artificial fishing grounds in the upper Parana River
region. A more comprehensive phylogeographic study
of these lineages would be advisable to better understand
those geographic distribution patterns.

Origin and distribution

A more accurate interpretation of the zoogeography
of the genus Dilocarcinus is hampered by the lack of
a comprehensive study of the family Trichodactylidae
showing both the intrafamilial relationships and the
phylogenetic affinities with other groups of Brachyura,
as well as the possibility of unintentional errors in the
molecular clock calibration (Klaus and Prieto 2014), as
already discussed by Franga et al. (2024). On the other
hand, our understanding of the current zoogeographic
patterns of the South American aquatic fauna can also
be informed by the advances in the knowledge of the
paleogeographic history of the region and the historical
establishment of the modern drainage patterns (e.g., Hoorn
et al. 1995, 2010b, 2017, 2022; Lundberg et al. 1998;
Cordani et al. 2000; Cordani and Sato 1999; Wesselingh
et al. 2002; Figueiredo et al. 2009; Hoorn and Wesselingh
2010; Latrubesse et al. 2010; Sacek 2014; Rodriguez-
Tribaldos et al. 2017; Val et al. 2021). Paleogeographic
history has proven to be particularly useful in analyzing
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the distributional patterns of ichthyological groups (e.g.,
Ribeiro 2006; Menezes et al. 2008; Albert and Reis 2011;
Ribeiro et al. 2013; Roxo et al. 2014; Tagliacollo et al.
2015; Boschman et al. 2023).

Based on the study that considered only the species
of the D. septemdentatus complex, Franca et al. (2024)
assumed that the most parsimonious hypothesis for the
origin of those lineages occurred in the western Ama-
zon. The results of the present study also included the
lineages of the D. pagei species complex (but without
D. truncatus) reinforce the assumption that the western
Amazon might have been where the Oligocene origin of
Dilocarcinus and the initial diversification of the genus
may have occurred (Fig. 2). This assumption is based
on the current distribution of the genus, which is mostly
distributed in the lowlands of the Amazon and La Plata
(Paraguay—Parana Rivers) basins, although some species
are also present in the Tocantins—Araguaia Rivers ba-
sin and coastal river basins of northern South America
(Fig. 6). The occurrence of D. pagei in the upper Parana
River drainage, as discussed by Magalhaes et al. (2005),
was most likely caused by human action in more recent
times. Additional evidence that reinforces this conjecture
is that fossil remains that are most likely trichodactylid
crabs found in Peru and Brazil support a continuous pres-
ence of primary freshwater crabs in the lowlands of the
western Amazonia throughout the last 40 Myr (Klaus et
al. 2017; Antoine et al. 2021). Finally, western Amazonia
is the hotspot of diversity for many groups and, therefore,
is considered to have played a crucial role in the origin
and distribution of Amazonian biodiversity due to the in-
fluence of the region’s paleogeographic history in mech-
anisms of dispersal, allopatric speciation and extinction
(Hubert and Renno 2006; Wesselingh 2006; Wesselingh
and Salo 2006; Hoorn et al. 2010a, 2010b, 2022; Dagosta
and De Pinna 2017; Antonelli et al. 2018; OberdorfT et al.
2019; Albert et al. 2021; Boschman et al. 2023).

Ancestral populations of the lineages that would give
rise to the species complexes of D. septemdentatus . s.and
D. pagei I. 5. presumably occupied the central and west-
ern portions of the Amazon region, and their separation
would have occurred most likely in the Oligocene (31
Ma), from the Middle Eocene to the Lower Miocene (c.
41-19 Ma) (Fig. 2). At that time, the Amazon region
had eastward- and westward-flowing fluvial systems
separated by a drainage divide (the Purus Arch) that
was a major biogeographic boundary which gradually
migrated from the east to a more central region during
the Paleogene (Hoorn et al. 2010a,b; Wesselingh et al.
2009; Wesselingh and Hoorn 2011; Val et al. 2021). The
river systems draining the Amazon Craton west of the
Purus Arch flowed in lowland areas to the foreland of the
emerging Andes, where a south to north—oriented fluvial
system dominated the region and terminated in lowland
regions to the north that alternated between lacustrine
and brackish conditions due to occasional marine trans-
gressions (Hoorn et al. 1995, 2010b; Lundberg et al.
1998; Wesselingh et al. 2009; Wesselingh and Hoorn
2011; Rodriguez-Tribaldos et al. 2017).
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The divergence time phylogram (Fig. 2) shows that the
emergence of the D. septemdentatus complex lineages
may have started in the Lower to Middle Miocene, as early
as 22 Ma (between 22 and 8§ Ma). During this period, the
Purus Arch still separated the eastern and western drainag-
es of the Amazon region but, with the intensified orogenic
processes of the Andes increasing the sedimentary load
and the retreat of the marine influence, a transition from
a fluvial to a lacustrine landscape occurred in the western
Amazon region, establishing the Pebas System (a vast
aquatic ecosystem formed by anastomosing rivers, shallow
lakes and marshes with episodic marine incursions through
northern connection with the Caribbean Sea), which per-
sisted between the Upper Oligocene and Lower Miocene
(23-11 Ma) (Lundberg et al. 1998; Wesselingh and Salo
2006; Wesselingh et al. 2009; Hoorn et al. 2010a, 2010b,
2021, 2022; Wesselingh and Hoorn 2011; Boonstra et al.
2015; Jaramillo et al. 2017; Val et al. 2021). As commented
in Franca et al. (2024), the diversity of habitats in the re-
gion may have favored the differentiation observed among
the Dilocarcinus species complexes, with their cryptic lin-
eages radiating across a large part of Western Amazonia,
throughout the Lower and Middle Miocene.

The subsequent differentiation and range expansion
of these species of the Dilocarcinus species complexes
to the eastern Amazonia and coastal basins of northern
South America, probably related to the establishment of
the eastward course of the modern transcontinental Am-
azon River around the end of the Miocene, are discussed
in Franga et al. (2024). The eastern Amazon aquatic fau-
na, particularly the fishes, was enriched by contact with
the western Amazon in late middle Miocene after the
breach of the Purus Arch established geodispersal corri-
dors between the previously isolated western and eastern
drainage systems (Albert and Carvalho 2011; Oberdorff
et al. 2019; Albert et al. 2021; Boschman et al. 2023).
No comparative study to evaluate this effect is available
for the Amazonian freshwater crustacean fauna but the
speciation process of the D. septemdentatus species com-
plex (Fig. 2; Franca et al. 2024) suggests that the decapod
fauna might have undergone a similar effect.

The ancestral lineage that gave rise to the D. pagei
species complex was probably present in the Oligocene
Subandean River system (the Proto-Amazon—Orinoco
River basin) and, since this system also incorporated
northwestern portions of the present-day Parana River
drainage, this lineage could have probably colonized the
southern portions of the continent as well (Lundberg et
al. 1998; Albert and Reis 2011; Wesselingh and Hoorn
2011). Headwater capture events between some southern
tributaries of the Amazon basin and the La Plata basin
could also have contributed to the southward expansion
of the distribution of the D. pagei species complex lin-
eage. Such events are presumed to be an explanation for
the presence of many fish lineages in the Paraguay ba-
sin (Carvalho and Albert 2011; Ribeiro et al. 2013; Roxo
et al. 2014; Tagliacollo et al. 2015). Tagliacollo et al.
(2015) recovered three events of river capture after test-
ing alternative landscape evolution models to represent
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Figure 6. Map of the geographic distribution of Dilocarcinus species based on records of the present study and of previous studies

(Magalhaes and Tiirkay 2008; Franga et al. 2024).

distinct palacogeographical river capture histories be-
tween the Western Amazon and La Plata drainages during
the formation of the Central Andean (Bolivian) orocline
(43.0-15.0 Ma). This may have affected the distribution
of long-whiskered catfishes (Siluriformes, Pimelodidae)
and it seems plausible to assume that an event that oc-
curred between 32 and 23 Ma (Oligocene) promoted the
connection of the Upper Madeira River basin (part of the
Amazon basin) with the La Plata basin, and also contrib-
uted to the range expansion of the lineage that formed
the Dilocarcinus species complexes in the La Plata basin.

According to Tagliacollo et al. (2015), a third river cap-
ture event occurred in the Early Miocene (23—15 Ma) that
separated La Prata basin from the Upper Madeira River
basin and this may have contributed to the cladogenesis
process of the D. pagei species complex, which may have
occurred around 12 Ma (ca. 18-6 Ma), during the Mio-
cene (Fig. 2), with D. pagei s. s. being restricted to the
Paraguay—Parana basin and D. cristatus to the Amazon
basin. In addition to headwater capture events, marine
transgressions and regressions in southern South Ameri-
ca during the Miocene (Lundberg et al. 1998; Hernandez
et al. 2005; Rosseti et al. 2013) may also have influenced
the separation of this clade into northern (Amazon basin)

and southern (La Plata basin) species. At least two marine
transgression episodes are recognized in southern South
America that encompassed areas of northern Argentina to
southern Bolivia: the first one, known as the Paranense
Sea, occurred in the Middle Miocene (15-13 Ma), and
the second one occurred in the Late Miocene (10-5 Ma)
(Hernandez et al. 2005; Rossetti et al. 2013).

The diversity patterns of the South American prima-
ry freshwater crabs, with two families, 109 genera, and
296 species (Cumberlidge et al. 2014), are not concordant
with some other freshwater taxa from the region. When
compared to fishes, which comprise 69 families, 739 gen-
era and 5,160 species (Reis et al. 2016), the freshwater
crabs are surprisingly much less diverse considering that
the two freshwater groups evolved under the influence of
the same historical drivers that shaped the current land-
scapes and environments of South American river basins.
The low diversity of the genus Dilocarcinus, comprising
only six currently valid species, for a taxon with an evolu-
tionary history of between 20 and 40 Myr in such a wide
distribution area is, therefore, noteworthy. Like several
other species of trichodactylid crabs (Rodriguez 1981,
1992; Magalhaes 2003), all Dilocarcinus species are
typical of lowland areas, inhabiting floodplain rivers and
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intermittent interfluvial wetland environments in both the
Amazon valley and the Paraguay—Parana basin (Fig. 6).
The habitats currently occupied by the species must be
very similar to those existing in the marshy and fluvi-
al-lacustrine systems in the lowlands of the sedimentary
basins of the Andean foreland regions occupied by the
ancestral lineages of Dilocarcinus during the Oligocene
and Miocene and that persisted in the Amazon valley and
Paraguay-lower Parana basin with the establishment of
the current geomorphological conformation of these ba-
sins after the end of the Miocene (Lundberg et al. 1998;
Hoorn et al. 2010a; Wesselingh and Horrn 2011; Val et al.
2021). The low species richness of Dilocarcinus may be
a result of the relative environmental and ecological sta-
bility of the region over a long period, and these lowland
regions may have served as an “evolutionary museum”
(Stebbins 1974; Albert et al. 2011) for slowly-evolving
freshwater crabs. These questions need to be addressed
by a more in-depth investigation into the phylogeny of
Neotropical primary freshwater crab groups in the future.

Conclusion

The specific composition of the genus Dilocarcinus
has varied between three (Rodriguez 1992) and 12
taxa (Pretzmann 1968), while other studies have
revealed a complex of cryptic species under the name
D. septemdentatus (Franga et al. 2024). The present
study found a complex with two cryptic species within
Dilocarcinus, each with well-defined geographic
distributions: a northern one restricted to the Amazon
basin and a southern one distributed in the La Plata
basin, supported by the molecular results and distinct
morphology of G1 of each lineage. As the type locality of
D. pagei Stimpson, 1861, occurs within the distributional
range of the southern lineage, this name was kept for
the La Plata basin species, whereas D. cristatus Bott,
1969 was revalidated for the Amazonian species because
of its distribution and because the G1 of its holotype is
consistent with the G1 morphology of the specimens of the
northern group. The origin of the genus Dilocarcinus most
likely occurred in the western Amazon region during the
Oligocene (c. 41-19 Ma; mean 31 Ma) and expanded both
into the La Plata basin (Paraguay—Parana River basin) and
into the eastern Amazon due to a series of tectonic and
eustatic sea-level events related to the uplift of the Andes
and marine transgressions-regressions that shaped the
hydrological interconnections between the hydrographic
basins along the Andean foreland region since Eocene
times (Lundberg et al. 1998; Hoorn et al. 2010a; Albert and
Reis 2011; Wesseling and Hoorn 2011; Val etal. 2021). The
genus Dilocarcinus now includes six species: D. cristatus,
D. montinavis, D. pagei, D. septemdentatus, D. spinifer,
and D. truncatus and no subgenera are recognized. Studies
like this reinforce the importance of integrative approaches
that use molecular and morphological tools to address
outstanding taxonomic and macroevolutionary questions,
especially those involving freshwater crabs.
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