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Revision of the generic system for the swimming crab
subfamily Portuninae (Decapoda: Brachyura: Portunidae)
based on molecular and morphological analyses
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Swimming crabs of the genus Portunus are revised based on analysis of three genetic markers (COI, 16S and H3)
and a morphological comparison. The analyses reveal the polyphyletic composition of Monomia, Portunus and
Xiphonectes and the paraphyly of Achelous. Portunus, in our revised composition, is restricted to 13, Monomia to
ten and Xiphonectes to 14 species. Other species are transferred to Achelous (28) and Cycloachelous (nine) or to
newly established genera. Four new genera are separated from Xiphonectes and one new genus from Monomia. The
systematic composition of the portunid subfamily Portuninae now comprises 11 genera: Arenaeus, Allomonomia
gen. nov., Cavoportunus, Callinectes, Cycloachelous, Eodemus gen. nov., Incultus gen. nov., Monomia, Portunus,
Trionectes gen. nov. and Xiphonectes. The genus Lupella is synonymized with Achelous (Achelouinae). Xiphonectes
pulchricristatus and Xiphonectes spinipes are placed in Alionectes gen. nov., Portunus ponticus is transferred to
Lupocycloporus (both Lupocyclinae), and Monomia euglypha is now placed in Cycloachelous (Portuninae). Portunus
mokyevskyi is considered a junior synonym of Scylla tranquebarica (Necronectinae). Xiphonectes leptocheles is
confirmed as a valid species. Cycloachelous granulatus unispinosus is also considered a valid species and is to be
treated as Cycloachelous unispinosus.

ADDITIONAL KEYWORDS: Bayesian analysis — classification — Crustacea — maximum likelihood — molecular
phylogeny — taxonomy.

INTRODUCTION

Swimming crabs of the family Portunidae Rafinesque,
1815 are remarkable in having unique swimming
abilities. They are also one of the most species-rich
groups of brachyuran crabs. The number of known
species has recently been estimated to be > 360 extant
species in 50 genera (Davie et al., 2015¢c; Evans, 2018),
and there are > 140 fossil records (Schweitzer et al.,
2010). The general biogeographical range of these
crabs exhibits a pantropical distribution, in tropical
and subtropical areas of the Atlantic, Indian and
Pacific Oceans, with only a few species occurring in

*Corresponding author. E-mail: milan.koch@osu.cz

[Version of record, published online 11 June
2022; http://zoobank.org/urn:lsid:zoobank.
org:pub:3AB09EAD-FE45-4CCE-98AB-400788515A64

temperate waters. Their vertical distribution is from
the intertidal zone to the edge of the continental shelf
at ~200 m, and in deeper waters records are more
sporadic. Portunid crabs are ecologically significant
as predominantly benthic predators; although
several, mainly larger-sized, species also have a
high economic value (Stephenson & Campbell, 1959;
Hartnoll, 1971; Apel & Spiridonov, 1998; Ng, 1998;
Spiridonov et al., 2014).

The systematics of Portunidae has developed from
a basis established by 19* and 20% century authors
(i.e. Dana, 1852; Milne-Edwards, 1861; Paulson, 1875;
Miers, 1886; Alcock, 1899; Balss, 1922; Rathbun, 1930)
to a modern classification largely based on the works of
authors such as Crosnier (1962), Stephenson (1972a, b,
and references therein), Apel & Spiridonov (1998) and
Stev¢ié (2005), with the last revisions of higher portunoid
taxa provided by Karasawa et al. (2008), Ng et al. (2008),
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Schubart & Reuschel (2009), Spiridonov et al. (2014) and
Evans (2018), and new additions provided by authors
such as Mantelatto et al. (2009, 2018), Ng (2011),
Windsor et al. (2019) and Spiridonov (2020).

The most comprehensive listing of all portunid taxa
was presented by Ng et al. (2008), who divided the
family Portunidae into seven subfamilies (including
the subfamily Portuninae Rafinesque, 1815). Four
of those (i.e. Caphyrinae Paulson, 1875, Carupinae
Paulson, 1875, Podophthalminae Stimpson, 1860
and Thalamitinae Paulson, 1875) were also accepted
by Karasawa et al. (2008), and Portuninae was
subdivided in the latter study into four subfamilies
(Atoportuninae Stevtié, 2005, Lupocyclinae Paulson,
1875, Necronectinae Glaessner, 1928 and Portuninae),
with two remaining subfamilies being cosnidered as full
families: Carcinidae MacLeay, 1838 and Macropipidae
Stephenson & Campbell, 1960. Spiridonov et al. (2014)
supported Karasawa and colleague’s eight-subfamily
concept of the Portunidae, whereas Davie et al. (2015¢)
reduced that number to five (Caphyrinae, Carupinae,
Podophthalminae, Portuninae and Thalamitinae), with
Carcinidae and Polybiidae Ortmann, 1893 treated as
separate families. Subsequently, based on molecular
studies, Evans (2018) considered there to be six
subfamilies (Carupinae, Lupocyclinae, Necronectinae,
Podophthalminae, Portuninae and Thalamitinae) by
synonymizing Atoportuninae with Carupinae and by
placing some earlier portunine or caphyrine taxa into
the subfamily Thalamitinae and the family Carcinidae.

Most recently, Spiridonov (2020) retained the
general concept of Portunidae described by Evans
(2018), with separation of Achelous into the seventh
subfamily, Achelouinae Spiridonov, 2020. In the study
by Spiridonov (2020), the subfamily Portuninae
comprises only three genera, Arenaeus Dana, 1851,
Callinectes Stimpson, 1860 and Portunus Weber, 1795,
but tentatively also including Cavoportunus Nguyen
& Ng, 2010, Cycloachelous Ward, 1942 and Monomia
Gistel, 1848. Spiridonov (2020) regarded Xiphonectes
A. Milne-Edwards, 1873 as polyphyletic and listed the
genus as incertae sedis among Portunidae.

According to Ng et al. (2008), Portunidae
contained at that time 38 genera, of which 14 were
in the subfamily Portuninae. The nominotypic genus
Portunus comprised > 90 species divided into five
subgenera: Achelous De Haan, 1833, Lupocycloporus
Alcock, 1899, Monomia, Portunus and Xiphonectes. It
is worth noting that these subgenera were originally
described as genera, and only subsequently were
placed under the name Portunus, or Neptunus De
Haan, 1833 (junior synonym of Portunus), by several
authors in the 20* century (e.g. Rathbun, 1930;
Sakai, 1939; Stephenson & Campbell, 1959; Crosnier,
1962; Stephenson, 1972a, b).

At present, all those subgenera of Portunus (s.l.,
i.e. as listed by Ng et al., 2008) have already been
returned to their original generic level. The growing
inclination to use the subgeneric names of portunids
at full generic level was started by Mantelatto et al.
(2009) with their elevation of Achelous. Nguyen & Ng
(2010) revalidated Cycloachelous, resurrected earlier
by Davie (2002) as a subgenus of Portunus, but again
treated as a synonym of Achelous by Ng et al. (2008).
Monomia was reinstated as a genus by Chertoprud
et al. (2012) and, subsequently, Lupocycloporus with
Xiphonectes by Spiridonov et al. (2014). In addition
to those, Nguyen & Ng (2010) established the new
genus Cavoportunus for Neptunus (Achelous) dubius
Laurie, 1906.

The systematic changes mentioned above were
based predominantly on morphological evidence. The
molecular phylogenies in portunid crabs have, until
now, only been analysed at higher taxon levels, by
Schubart & Reuschel (2009), Spiridonov et al. (2014)
and Evans (2018), or to support distinct species
identities (e.g. Koch et al., 2015a). Genetic analyses
were also performed to support species separations in
an analysis of the Indo-West Pacific Portunus pelagicus
(Linnaeus, 1758) species complex by Lai et al. (2010)
and for the American portunids by authors such as
Robles et al. (2007), Zupolini et al. (2017) or Mantelatto
et al. (2007, 2009, 2018), where was suggested the
revalidation of the subgenus Achelous at generic level
(see above).

Recently, based on a wider multigene phylogenetic
analysis of the Portunoidea (Evans, 2018) that
included 29 species of Portunus (s.l.), the genus
Portunus was confirmed as polyphyletic, with
species nested inside three clades of the subfamily
Portuninae (Evans, 2018: fig. 11): (1) type species
of Portunus (Portunus) and some related congeners,
along with Arenaeus and Callinectes; (2) the
remaining P. (Portunus) species, all P. (Achelous)
species and the monotypic genus Lupella; and (3) the
Portunus subgenera Cycloachelous, Monomia and
a paraphyletic Xiphonectes, leaving the taxonomic
status of those taxa unresolved.

The aim of the present study was to perform
phylogenetic analysis of the taxa corresponding to
the genus Portunus (s.l.), as listed by Ng et al. (2008),
and to provide their systematic rearrangement
based on molecular and morphological comparative
analyses. The genera Callinectes and Arenaeus,
being morphologically close to Portunus (s.l.), are also
considered in the systematic part of this study. The
monotypic Carupella Lenz in Lenz & Strunck, 1914
was not taken into consideration owing to doubts about
its validity and lack of data for molecular analyses
(Evans, 2018).
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MATERIAL AND METHODS
COLLECTED MATERIAL

The examined specimens were obtained either by
field collecting, by visiting museums or by direct
loans of material from museums. Field collecting was
undertaken by the authors in Vietnam (M.K.,V.A.S. and
7.D.), the Red Sea, the Arabian Sea and the Gulf of
Mexico (V.A.S.), by means of scuba diving, snorkelling,
exploration of tidal pools or by examination of catches
in local fishing ports in Vietnam. The majority of
the specimens were examined and/or loaned from
MNHN, Paris (from Madagascar, Guadeloupe), NHM,
London and SMF, Frankfurt. Remaining material was
loaned or deposited in: AM, Sydney; MV, Melbourne;
AMNH, New York; SMF, Frankfurt; ZIN RAN, St.
Petersburg; ZMMU Moscow; and others (see full list
and Abbreviations, below).

MOLECULAR DATA

DNA sequences were obtained from both fresh and/
or museum specimens; additional sequences were
obtained from GenBank. The combined dataset
comprises 70 species (Table 1).

DNA was isolated using the Qiagen Blood and Tissue
DNA kit. Fragments of the mitochondrial genes 16S
rRNA and COI and the nuclear gene H3 were amplified
using the Bioline MyTaq Red Mix. Amplification of
16S rRNA was carried out using the primers 16Sar
(5'-CGCCTGTTTATCAAAAACAT-3’) and 16Shbr
(5’-CCGGTCTGAACTCAGATCACGT-3") (Palumbi
et al.,1991) and the following polymerase chain reaction
(PCR) profile: 94 °C for 150 s; ten cycles of 92 °C for 50 s,
40 °C for 30 s and 72 °C for 40 s; 36 cycles of 92 °C for
30 s, 40 °C for 40 s and 72 °C for 40 s; and 180 s at 72 °C.
Amplification of COI was carried out using the primers
LCO1490 (5'-GGTCAACAAATCATAAAGATATTGG-3)
and HC0O2198 (5-TAAACTTCAGGGTGACCAAAAA
ATCA-3’) (Folmer et al., 1994) and the following PCR
profile: 94 °C for 150 s; 42 cycles of 90 °C for 30 s, 44 or
48 °C for 1 min and 72 °C for 1 min; and 10 min at 72 °C.
Amplification of H3 was carried out using the primers
H3aF (5"-ATGGCTCGTACCAAGCAGACVGC-3") and
H3aR (5’-ATATCC-TTRGGCATRATRGTGAC-3")
(Colgan et al., 1998) and the following PCR profile:
94 °C for 180 s; 37 cycles of 94 °C for 30 s, 48 °C for 30 s
and 72 °C for 50 s; and 180 s at 72 °C. Amplifications
were purified using the Sigma GenElute PCR clean-up
kit and sequenced bidirectionally by Macrogen Europe,
The Netherlands.

PHYLOGENETIC ANALYSES

Thirty-nine species of Portunus (s.l.) were used for the
molecular multigene analysis and 59 for the 16S rRNA
analysis only. Contigs and consensus sequences were

constructed using the program MEGA 6.0 (Tamura
et al., 2013). Sequences were uploaded to the GenBank
database (Sayers et al., 2009). Sequences were aligned
using MUSCLE under default parameters in MEGA 6.0
(Tamura et al., 2013). A concatenated alignment was
created using FASCONCAT v.1.0 (Kiick & Meusemann,
2010). The alignment of 16S sequences was edited using
G-BLOCK (Castresana, 2000; Talavera & Castresana,
2007). COI saturation was tested using DAMBE v.6.4.73
(Xia, 2013, 2017), and COI third positions were excluded.
Partioned models for maximum likelihood (ML) and
Bayesian information (BI) analyses were chosen using
PARTITIONFINDER v.2.1.1 (Stamakis, 2006; Guindon
et al., 2010; Lanfear et al., 2017). The ML analyses were
carried out using RAXML-NG, using a partioned model
with the automatic bootstopping option and 0.03 cut-
off (Kozlov et al., 2018). Bayesian analyses were carried
out using MRBAYES-XSEDE for two million generations
(Huelsenbeck & Ronquist,2001; Ronquist & Huelsenbeck,
2003) as implemented on the Cipres Science Gateway
(Miller et al., 2010). Convergence was evaluated using
TRACER v.1.6 (Rambaut et al., 2014) Effective sample
size (ESS) values of each run > 200. The phylogenetic
trees (Figs 1, 2) were visualized using FIGTREE v.1.4.2
(http://tree.bio.ed.ac.uk/software/figtree/).

ADULT MORPHOLOGICAL CHARACTERS

Most of the morphological characters included in
the diagnoses have been used in previous studies
(Crosnier, 1962; Apel & Spiridonov, 1998; Karasawa
et al., 2008; Ng et al., 2008; Davie et al., 2015a),
with the terminology from those studies generally
adopted here; for descriptions of the chelipeds, the
terms suggested by Spiridonov et al. (2014) are used.
Some characters have not previously received an
extensive consideration. They particularly refer to the
morphology of the male pleon and its contacts with
neighbouring parts of the body. The second (separate)
and the third (fused without or with sutures with the
fourth and the fifth) pleomeres usually have crests,
which in most cases are exposed ventrally and can be
either laminar and ventrally visible at least on one (Fig.
3A, D) or both pleomeres (Fig. 3B), or low (Fig. 3E, F)
and poorly expressed (Fig. 3C). The shape of the lateral
and anterolateral margins of the third pleomere is
also informative. These margins can be characterized
as straight (Fig. 3A), slightly convex (Fig. 3B), convex
(Fig. 3C) or concave (Fig. 3D). Pleomere crests are
usually smooth, except in a few cases where they are
serrated. The last thoracic episternite usually touches
the pleon at its broadest part, and the morphology
of the contact zone is variable. Usually, the terminal
part of the episternite is thin and acute, and it fits in
the narrow interspace between the exposed portion of
the lateral margin of the third pleomere and the last
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Figure 1. Bayesian inference phylogeny inferred from combined three gene sequences (histone H3 nuclear gene and COI
and 16S rRNA mitochondrial genes). Posterior probabilities and bootstrap support values (maximum likelihood/Bayesian
inference) are shown at internodes. The colour of taxa names indicates generic affiliation.

Achelous Achelouinae

(eighth) thoracic sternite (Fig. 3A, D). In less common the third pleomere (Fig. 3E, F), sometimes forming a
cases, a broader terminal part of the episternite perfect coaptation (Lai et al., 2010). Figure 3 illustrates
closely abuts the exposed part of the lateral margin of  also other characteristics used in the present study
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Figure 2. Bayesian phylogeny inferred from partial sequences of 16S rRNA mitochondrial gene. Posterior probabilities
are shown at internodes. The blue colour of taxa names indicates geographical (Atlantic and eastern Pacific) affiliation

comprising actual species in the genus Achelous.

for descriptions of the thoracic sternum and pleonal
characters. However, the pleonal holding system, as
reviewed in brachyuran crabs by Guinot & Bouchard
(1998), was not examined closely in this study.

The first male gonopods, frequently used in carcino-
logical literature (e.g. Stephenson & Campbell, 1959;
Stephenson & Rees, 1967a, b; Williams, 1974; Sakai,
1976; Dai et al., 1986; Dai & Yang, 1991; Yang et al.,

© 2022 The Linnean Society of London, Zoological Journal of the Linnean Society, 2023, 197, 127-175

202 11dy €2 uo 1s9nB Aq GE9G099//2 L/1/26/9191HE/UESULII00Z/WOD" dNO"DIWapEedE//:SdNY WoJj papeojumoq



134 M.KOCHETAL.

Figure 3. Characteristic examples of male pleon and surrounding sternal area. A, Incultus alcocki (Nobili, 1905), SMF
48040, Saudi Arabia, Red Sea. B, Trionectes mariei (Guinot, 1957), ZMMU Ma 3408, Egypt, Red Sea. C, Portunus aff.
sanguinolentus (Herbst, 1783), NHCY 148, Socotra 1., Yemen, Arabian Sea. D, Monomia haani (Stimpson, 1858), ZIN RAN
71929, Vietnam, South China Sea. E, Lupocycloporus gracilimanus (Stimpson, 1858), ZMMU Ma 1974, Vietnam, South
China Sea. F, Lupocyclus rotundatus Adams & White, 1848, ZMMU Ma 3451, Vietnam, South China Sea. Scale bars: 1 mm
inA;2mmin B, C, E, F; 3 mm in D. Abbreviations: 2-6, pleonal segments 2—6; es, last thoracic episternite; lm, lateral margin
of pleonal segment 3.
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2012), were used in this study as an important tool to
distinguish portunine taxa. The general gonopod shape
and its relative size were recorded (e.g. long, slender;
straight or curved; stout and hooked), but also the
mutual position of the pair of the first gonopods in the
pleonal cavity on the posterior thoracic sternum (e.g.
subparallel, touching medially, overlapping each other
medially by the bent region). The second male pleopods,
varying in form among higher taxa (Davie et al., 2015a),
are scarcely commented on in the present study owing to
their lower importance for portunine taxonomy.

The female vulvae (reviewed in detail by Guinot
et al., 2013) have already been used in portunid
taxonomy by Apel & Spiridonov (1998). When
describing these structures, we specifically point to the
following characteristics: (1) the general shape, which
can be rounded (Fig. 4A) or semi-rounded (Fig. 4E),
elongately drop-like (Fig. 4B-D) or slit-like (Fig. 4E, G,
H); (2) the relative size, which can be large, occupying
a significant proportion of the proximal part of the
genital sternite (Fig. 4A), medium (Fig. 4C-E) or small
(Fig. 4B); (3) the orientation of the long axis, which can
be subparallel (Fig. 4D) or subperpendicular (Fig. 4)
to the anterior margin of the sternite, subparallel to
the mesial margin of the sternite (Fig. 4G); and (4) the
position inside the proximal part of the sternite (Fig.
4A-D) or on its margin, i.e. mesial or posteromesial

(Fig. 4G, H).

ABBREVIATIONS

The following abbreviated terms are used in this
report: CL, carapace length (in millimetres), measured
as the median distance between the frontal border and
the centre of the posterior border of the carapace; CW,
the carapace width (i.e. the largest width, including the
lateral teeth); ICZN, International Code of Zoological
Nomenclature; IWP, Indo-West Pacific.

The abbreviated names of institutions are as
follows: AM, Australian Museum, Sydney; AMNH,
American Museum of Natural History, New York;
CCDB, Crustacean Collection, Department of
Biology, University of Sao Paulo; MCZH, Museum of
Comparative Zoology, Harvard University, Cambridge;
MNHN, Muséum national d’Histoire naturelle, Paris;
MYV, Museum Victoria, Melbourne; NHCY, National
History Collection of Yemen (deposited in SMF);
NHM[LA], Natural History Museum of Los Angeles
County; NHM[UK], Natural History Museum, London;
NUS, National University of Singapore; OUMNH,
Oxford University Museum of Natural History, Oxford;
SMF, Senckenberg Museum, Frankfurt; UF, Florida
Museum of Natural History, University of Florida,
Gainesville; ULLZ, University of Louisiana, Lafayette;
UO, University of Ostrava, Ostrava; USNM, National
Museum of Natural History, Smithsonian Institution,

Washington; ZIN RAN, Zoological Institute of Russian
Academy of Sciences, St. Petersburg; ZMMU, Zoological
Museum of Moscow State University, Moscow; ZMUC,
Zoological Museum of University of Copenhagen,
Copenhagen; ZRC, Zoological Reference Collection,
Lee Kong Chian Natural History Museum, National
University of Singapore, Singapore.

RESULTS

MOLECULAR ANALYSIS

The phylogenetic tree based on the combined dataset
for three markers (Fig. 1) maintains all analysed
species (43 spp. from seven up-to-date genera of
Portuninae, one genus of Thalamitinae and one genus
of Lupocyclinae) in a clade, clearly separated from the
outgroup species of Carcinus Leach, 1814 (Carcininae),
Liocarcinus Stimpson, 1858 and Macropipus
Prestandrea, 1833 (Polybiinae) and Geryon Krgyer,
1837 (Geryonidae). The ingroup is composed of a basal
polytomy of four major branches, with subsequent
subdivisions of the latter to a total of 14 well-supported
terminal clades, each representing a single traditional
or newly established genus.

Clade I (Fig. 1) contains two subclades: (1) Atlantic
species of Portunus [Portunus hastatus (Linnaeus,
1767) and Portunus ventralis (A. Milne-Edwards,
1879)] in a sister position to two representatives of
the amphi-American portunine genus Achelous; and
(2) three species of the thalamitine genus Charybdis
De Haan, 1933. Clade II comprises species of
Lupocycloporus (Lupocyclinae) and a single species
of the portunine genus Xiphonectes (Xiphonectes
pulchricristatus Gordon, 1931). Clade III contains two
further species of Portunus, including P. pelagicus, the
type species of the genus, together with one species of
Callinectes.

The last clade (IV) of the basal polytomy is purely
portunine and comprises the remaining majority of
analysed species of the subfamily, divided into three
subclades (V-VII). Subclade V contains a single
genus, Cavoportunus. Subclade VI is predominantly
composed of Xiphonectes, revealing two or three basally
well-supported independent lineages; one of them
[Xiphonectes brockii (De Man, 1887) and Xiphonectes
tuberculosus (A. Milne-Edwards, 1861)] is in a sister
position to two species of Monomia [Monomia calla
Koch, Nguyen & Duris, 2015 and Monomia lecromi
(Moosa, 1996)], while the second clade contains
Xiphonectes longispinosus (Dana, 1852), the type species
of Xiphonectes. Subclade VII covers the remaining
included Xiphonectes species and species of Monomia
[including the type species Monomia gladiator
(Fabricius, 1798)] and Cycloachelous.
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136 M.KOCHETAL.

Figure 4. Characteristic examples of female genital sternites (with episternites) and genital openings. A, Alionectes
pulchricristatus (Gordon, 1931), syntype NHM 1930.12.2.82/85, Hong Kong, China, South China Sea. B, Portunus
sanguinolentus (Herbst, 1783), ZMMU Ma 3536, Vietnam, South China Sea. C, Trionectes mariei (Guinot, 1957), ZMMU Ma
3535, Vietnam, South China Sea. D, Achelous spinimanus (Latreille, 1819), ZMMU Ma 4848, Gulf of Mexico, Campeche Bank,
Mexico. E, Incultus tuberculosus (A. Milne-Edwards, 1861), NHM 1925.2.25.14/16, Gulf of Oman, Oman. F, Cycloachelous
granulatus (H. Milne Edwards, 1834), SMF 3852, Ternate I., Indonesia, Molucca Sea. G, Monomia gladiator (Fabricius,
1798), SMF 47994, Saudi Arabia, Red Sea. H, Eodemus arabicus (Nobili, 1905), ZMUC CRU-943, Bahrain, Persian Gulf.

Scale bars: 1 mm.

Thus, the three-marker analysis performed here
(Fig. 1) reveals the polyphyletic state of three current
portunine genera: Monomia, Portunus and Xiphonectes.
The analysed members of the non-portunine genera
(i.e. Achelous, Charybdis and Lupocyloporus) are
nested in a common polytomy with the apparently
paraphyletic subfamily Portuninae.

The phylogenetic tree based on the single
mitochondrial 16S rRNA marker (Fig. 2) includes a
series of taxa not covered by the three-marker analysis,
namely the majority of Achelous spp., Lupella forceps
(Fabricius, 1793) and further species of Portunus
[i.e. Portunus inaequalis (Miers, 1881) and Portunus
sayi (Gibbes, 1850)], as currently defined. Most of
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the established partial clades from the three-marker
analysis, considered to be monophyletic groupings,
are consistently revealed also in the 16S analysis. The
Atlantic species P. sayi is here positioned together with
its IWP congener P. pelagicus, the type species of the
genus [Portunus sanguinolentus (Herbst, 1783) was
not analysed in the 16S phylogeny], and both are in
a sister position to the representative of Callinectes,
Callinectes marginatus (A. Milne-Edwards, 1861).
Also, the general clade of the main diversity of previous
Portunus spp. (clade IV) comprises the majority of taxa
revealed also by the three-marker tree, although clade
VIisdividedin the 16S analysisinto two separate clades
with an unresolved mutual relationship and placed in
a common polytomy with clades V (Cavoportunus) and
VII (Cycloachelous/Monomia/some Xiphonectes spp.).

In the 16S analysis, clade I containing the majority
of taxa not covered in the three-gene phylogenetic
reconstruction confirms the paraphyletic state of the
amphi-American genus Achelous, which in the 16S
study forms two basally supported clades positioned
as a common polytomy with the third supported clade;
the latter comprises Lupella forceps basally separated
from Achelous floridanus and five further current
Portunus species [i.e. Portunus anceps (de Saussure,
1857), P. hastatus, P. inaequalis and P. ventralis].

Both phylogenetic analyses consistently point to the
polyphyletic character of Portunus [= the subgenus
Portunus (Portunus), as listed by Ng et al. (2008)], and
of Monomia and Xiphonectes (Portuninae), while the
16S analysis additionally indicates the paraphyletic
composition of Achelous (Acheloiunae).

MORPHOLOGICAL ANALYSES

All the partial monophyletic assemblages revealed
by our molecular analyses were compared for their
morphological similarities or differences, with closer
attention being paid to newly revealed groups of species
separated from their currently assigned genera, but
also to the remaining compositions of the current
genera restricted here. The comparisons, mainly
based on details of the carapace, chelae and secondary
sexual structures, provided valuable morphological
support for the multiple separated species complexes
highlighted by the phylogenetic molecular analyses.
The species composition of some earlier-established
genera (i.e. Achelous, Cavoportunus, Cycloachelous and
Lupocycloporus) has to be retained or even extended,
whereas the previously species-rich Monomia,
Portunus and Xiphonectes are here restricted in species
number. Their diagnoses are revised, and new genera
in the subfamilies Lupocyclinae and Portuninae are
established. The application of molecular results,
along with support from comparative morphological
analyses of the new arrangement of portunid genera,
is presented and discussed below.

SYSTEMATICS

INFRAORDER BRACHYURA LINNAEUS, 1758
SUPERFAMILY PORTUNOIDEA RAFINESQUE, 1815
FAMILY PORTUNIDAE RAFINESQUE, 1815
SUBFAMILY ACHELOUINAE SPIRIDONOV, 2020
ACHELOUS DE HAAN, 1833
(FIGs 4D, 5)

= Portunus (Achelous) De Haan, 1833 (type species
Portunus spinimanus Latreille, 1819, by monotypy;
gender masculine).

= Portunus (Hellenus) A. Milne Edwards, 1874
(type species Achelous spinicarpus Stimpson, 1871,
subsequent designation by Rathbun, 1930; gender
masculine).

= Lupella Rathbun, 1897 (type species Cancer forceps
Fabricius, 1793, by monotypy; gender feminine).

Included species: Twenty-eight.
Achelous acuminatus Stimpson, 1871
Achelous affinis Faxon, 1893
Achelous anceps (de Saussure, 1858) comb. nov.

= Lupea anceps de Saussure, 1858

= Lupea duchassagni Desbonne in Desbonne &

Schramm, 1867

= Neptunus sulcatus A. Milne-Edwards, 1879
Achelous angustus (Rathbun, 1898)

= Portunus (Achelous) angustus Rathbun, 1898
Achelous asper (A. Milne-Edwards, 1861)

= Neptunus asper A. Milne-Edwards, 1861

= Achelous transversus Stimpson, 1871

= Amphitrite paucispinis Lockington, 1877
Achelous binoculus (Holthuis, 1969)

= Portunus binoculus Holthuis, 1969
Achelous brevimanus Faxon, 1895
Achelous depressifrons (Stimson, 1859)

= Amphitrite depressifrons Stimpson, 1859

= Portunus (Achelous) bahamensis Rathbun, 1930
Achelous floridanus (Rathbun, 1930)

= Portunus (Achelous) floridanus Rathbun, 1930
Achelous forceps (Fabricius, 1793) comb. nov.

= Cancer forceps Fabricius, 1793

= Lupa leachii De Haan, 1833
Achelous gibbesii (Stimpson, 1859)

= Lupa gibbesii Stimpson, 1859
Achelous guaymasensis (Garth & Stephenson, 1966)

= Portunus guaymasensis Garth & Stephenson, 1966
Achelous hastatus (Linnaeus, 1767) comb. nov.

= Cancer hastatus Linnaeus, 1767

= Cancer ponticus Herbst, 1790

= Portunus dufourii Latreille, 1819

= Eriphia prismaticus Risso, 1827

= Neptunus hastatus var. rubromaculatus

Steinitz, 1932

Achelous inaequalis (Miers, 1881) comb. nov.
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= Neptunus (Amphitrite) inaequalis Miers, 1881
Achelous iridescens (Rathbun, 1894)

= Neptunus (Hellenus) iridescens Rathbun, 1894
Achelous isolamargaritensis (Tirkay, 1968)

= Portunus (Achelous) floridanus isolamargaritensis

Tirkay, 1968

Achelous minimus (Rathbun, 1898)

= Portunus (Achelous) minimus Rathbun, 1898

= Portunus (Achelous) pichilinquei Rathbun, 1930
Achelus ordwayi Stimpson, 1860

= Neptunus cruentatus A. Milne-Edwards, 1861

= Portunus aurimanus Gundlach & Torralbas, 1900
Achelous panamensis Stimpson, 1871
Achelous rufiremus (Holthuis, 1959)

= Portunus rufiremus Holthuis, 1959
Achelous sebae (H. Milne Edwards, 1834)

= Lupea sebae H. Milne Edwards, 1834

= Lupa biocellata Gundlach & Torralbas, 1900
Achelous spinicarpus Stimpson, 1871
Achelous spinimanus (Latreille, 1819)

= Portunus spinimanus Latreille, 1819

= Lupa banksii Leach, 1816

= Achelous spinimanus smithii Verrill, 1908

= Portunus vossi Lemaitre, 1991
Achelous stanfordi (Rathbun, 1902)

= Portunus (Achelous) stanfordi Rathbun, 1902
Achelous tuberculatus Stimpson, 1860
Achelous tumidulus Stimpson, 1871
Achelous ventralis (A. Milne-Edwards, 1879) comb.

nov.

= Neptunus ventralis A. Milne-Edwards, 1879
Achelous xantusii Stimpson, 1860

Diagnosis: Carapace (Fig. 5A) approaching hexagonal
shape, > 1.5 times as broad as long; dorsal surface finely
granulate, with regions moderately demarcated, often
with ridges or patches of granules in centre of regions;
urogastric depression distinctly posterior to half-
length of carapace. Front (Fig. 5B) with four triangular
or rounded lobes. Orbit ellipsoidal; supraorbital
margin with relatively deep median and reduced
lateral fissures. Inner supraorbital lobe often truncate
or subdivided into two teeth or lobes. Infraorbital
margin with broad notch. Anterolateral margin with
nine spiniform teeth: anterior eight ones subequal in
size; last tooth lateral, large, in most cases two or more
times longer than other teeth. Posterolateral junction
of carapace usually rounded. Sutures (Fig. 5C) on
thoracic sternum well developed; thoracic sternites
partly granular. Chelipeds with merus bearing three
to five spines on anterior border, unarmed or with one
spine distally on posterior border; carpus with single
spine on outer face and spine on inner face that can
be extremely long; upper surface of palm with two or
three teeth including usual tooth near articulation
with carpus; chelae (Fig. 5D) costate, moderately

unequal and heterodontic; in larger chela, molariform
tooth present proximally on cutting edge of dactylus.
Dactyli of pereiopods 2—4 ensiform or cultriform,
rarely lanceolate, usually markedly costate; setose on
ventral margin. Merus of pereiopod 5 distinctly longer
than broad, posterodistal spine present but may be
obsolete. Male pleon (Fig. 5C) narrowly triangular;
crest on third pleomere moderately laminar; lateral
margins of third pleomere straight or convex; terminal
part of posterior thoracic episternite fills interspace
between anterior margin of pleomere 3 and thoracic
sternite 8; third to fifth terga fused but unclear
sutures may remain, combined part usually with keels,
subequal to sixth pleomere; sixth pleomere with lateral
margins straight or sinuous, convergent distally.
Telson elongately triangular. First male (Fig. 5E)
gonopod of moderate length, arched or sinuous;
basal part robust, lying obliquely inwards; distal
part moderately slender, curved anterolaterally and
tapering distally to slender tip; pair of first gonopods
not touching medially in pleonal cavity. Female vulva
(Fig. 4D) elongately drop-like, with long axis usually
almost parallel to anterior margin of sternite.

Systematic position: The clade of four Achelous species
analysed in the present three-marker study (Fig.
1; as Achelous or Portunus) is in a sister position to
the thalamitine genus Charybdis. Their combined
clade is nested within the basal polytomy of the four
clades [i.e. together with the clade of the lupocycline
Lupocycloporus and the new genus Alionectes, the
clade of the portunine Portunus (s.s.) and Callinectes]
and with the joint clade of all remaining IWP genera
previously included in Portunus (s.l.). The true
phylogenetic relationship of those four clades thus
remains unresolved at present, and the subfamily
composition of the family Portunidae remains
provisional owing to the paraphyly or polyphyly of the
subfamily Portuninae itself.

In none of the recent molecular phylogenetic
reconstructions (Spiridonov et al., 2014; Evans, 2018;
Mantelatto et al., 2018; present study) is Achelous
shown as related to Portunus, the nominotypic genus
of subfamily Portuninae. Achelous and Lupella (see
discussion on the latter genus below) are distinguished
by a peculiar set of morphological characters, with some
apparent plesiomorphies (e.g. sutures still visible on fused
male pleomeres 3-5) and apomorphies (e.g. a tendency
for a long inner spine on the cheliped carpus). For these
reasons, Spiridonov (2020) has recently separated these
two genera into a new subfamily Achelouinae. This was
also regarded as a step towards purifying the concept of
Portuninae, which remains most probably paraphyletic,
even with Achelous excluded.

In the present 16S analysis (Fig. 2), all Achelous
species form a well-supported clade of mixed Atlantic
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REVISION OF PORTUNINAE SWIMMING CRABS 139

Figure 5. Achelous sebae (H. Milne Edwards, 1834), male, CW 71 mm, MNHN-IU-2014-4026, Guadeloupe, W. Atlantic.
A, total view. B, front. C, pleon. D, right chela, outer view. E, first pair of gonopods, shape and position. Scale bars: 10 mm.

and eastern Pacific representatives together with
Lupella forceps and some Atlantic ‘Portunus’ species.
This is consistent with the phylogenetic results in the
studies of Evans (2018) and Mantelatto et al. (2007,
2009, 2018). The systematic position of those Lupella
or ‘Portunus’ taxa, however, remained unresolved in
these papers.

Lupella forceps was considered to be a portunine crab
with distinctively slender and long chelipeds in adult
males (Rathbun, 1930; Taissoun, 1973), but otherwise
not principally differing from Achelous (e.g. Rathbun,
1930; Monod, 1956; Garth & Stephenson, 1966) in either
carapacial morphology or the shape of the male pleon and
the first gonopods. The chelipeds of Lupella forceps bear

uniquely long and slender (filiform’, see Rathbun, 1930:
133) fingers, about three times longer than the short
palm in adult males, whereas in females those fingers
are filiform too, but distinctly shorter, only slightly longer
than the palm (Taissoun, 1973). Some Achelous species
also possess chelae with fingers subequal to the palm
length (e.g. Achelous tuberculatus, Achelous spinimanus
and Achelous xantusii). The remarkable chelae of Lupella
forceps are therefore best regarded as a species-specific
apomorphy. Besides that character, Lupella does not
differ materially from Achelous. The male first gonopods
are short, basally stout and distally bent, slender
and tapering; similar in shape to those of Achelous
spinicarpus or Achelous inaequalis, for example, whereas
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the gonopods might be more slender, sinuate and with
the apex recurved in some other Achelous species
(e.g. Achelous gibbesii, Achelous hastatus or Achelous
spinimanus; see Monod, 1956; Taissoun, 1973). The male
pleon is elongately triangular in Lupella forceps, with a
feebly convex, distally tapering sixth segment, whereas in
Achelous it is generally shorter, with convex sides of the
sixth segment; the pleon of Achelous anceps is, however,
similar to that of Lupella (see Rathbun, 1930; Taissoun,
1973). The general outline of the carapace is variable in
Achelous, from subhexagonal, with long lateral teeth,
to semicircular, with those teeth not noticeably larger
than the preceding teeth (Rathbun, 1930). As is evident
from published photographs and figures of the dorsal
structures of a fairly flattened carapace (Monod, 1956;
Rathbun, 1930; Taissoun 1973), the epibranchial ridge
surrounding the somewhat swollen metagastric region is
most prominent and is highly arched in most Achelous
species; but in Lupella forceps the ridge is straight and
slightly oblique.

In the present single-marker molecular analysis,
Lupella forceps is nested in a clade with five species of
Portunus [as listed by Mantellato et al. (2007, 2018)],
all affiliated into Achelous (Achelous anceps, Achelous
floridanus, Achelous hastatus, Achelous inaequalis and
Achelous ventralis) in this study. These five species do
not differ morphologically from the remaining Achelous
species and are, to a similar extent, variable in carapace
shape (hexagonal or semicircular), chelipeds or the male
pleon. The male first gonopods in this group also are of
both types (see Monod, 1956: figs 227-231) discussed
above. Based on the morphological arguments (above)
and the present molecular support, we propose here to
transfer Lupella forceps to Achelous, with placement
of the generic name Lupella into the synonymy of the
genus. Nevertheless, the taxonomic position of Lupella
and closer taxa might be tested in the future by means
of wider molecular analyses.

A series of species up to now considered to be ‘Portunus’
or ‘Portunus (Portunus) [as listed by Mantelatto
et al. (2018) or Evans (2018), respectivelyl, and here
transferred to Achelous (see below), are superficially
similar to the genus Portunus (s.s.) in having a relatively
broad carapace and a single tooth on the posterior
border of the cheliped merus. Portunus (s.s.) differs from
Achelous by the triangular pleon with a rounded telson
apex (Fig. 15C) vs. with a sharp telson apex (Fig. 5C) and
by the male gonopods, which are straight and thread-
like (Fig. 15E) vs. distinctly shorter, arched (Fig. 5E).

Most Achelous spp. also have a distinct tooth on the
posterior margin of the merus of the last pereiopods
(Fig. 5A). Although reduced in some Achelous species,
this character is shared by this genus and the taxa
of the lupocycline clade in the present analyses
consisting of Alionectes and Lupocycloporus (Figs 6A,
7A; see below).

Remarks: The current composition of Achelous consists
of species distributed in the Atlantic and the eastern
Pacific. Among them, some species from the previous
nominotypic subgenus Portunus (as listed by Ng et al.,
2008) are also present. The support for separating
most of them into a taxon distinct from the mostly IWP
Portunus (Portunus) has already been highlighted by
the molecular results of Mantelatto et al. (2007, 2009,
2018); the separate biogeographical affiliations also
sustain such subdivision.

Mantelatto et al. (2009) elevated six species from the
subgenus Achelous to generic level. Three others were
transferred there from the subgenus Portunus, and one
from the genus Cronius Stimpson, 1860. Mantelatto
et al. (2009) suggested the position of a group of
four Atlantic Portunus species (i.e. Achelous anceps,
Achelous floridanus, Achelous hastatus and Achelous
ventralis) to be unclear owing to their basal separation
from the main assemblage of species of their genus. In
a subsequent study, Mantelatto et al. (2018) revealed
an isolated position for Portunus anceps, whereas
in the former study it was placed among the other
Achelous species mentioned above in this paragraph.
This is also the case for our 16S analysis (Fig. 2),
where these four species form an isolated but basally
well-supported clade together with two other Atlantic
species, Achelous inaequalis and Achelous forceps (=
previously Lupella forceps). In the recent systematic
account of the Brazilian portunids, Rodrigues et al.
(2017) retained Achelous anceps, Achelous floridanus
and Achelous ventralis in the genus Portunus based
on a morphological distinction between Achelous and
Portunus originally proposed by Verrill (1908): dactyli
of pereiopods 2—4 ensiform or cultriform, markedly
costate vs. relatively broad, lanceolate, leaf-like or
cultriform, indistinctly costate. Given that there is no
substantial morphological distinction between these
three species and Achelous hastatus from the genus
Achelous, we regard them as being congeneric.

Four species of Portunus (Portunus) or Portunus
(Achelous) [as listed by Ng et al., 2008; i.e. P. (P.)
acuminatus, P. (P.) affinis, (P.) P. xantusii and P. (A.)
floridanus] were originally affiliated with the genus
Achelous (see: Stimpson, 1860, 1871; Faxon, 1893;
Rathbun, 1930). Given that they agree with the main
diagnostic characters of the genus, Mantelatto et al.
(2018) resurrected their original generic name for
the first three of these. Recently, Marco-Herrero et al.
(2021) have also listed the remaining species, P. (A.)
floridanus, under the generic name Achelous but left
Achelous gibbesii under Portunus, despite its new
affiliation already provided by Mantelatto et al. (2009).

A further Portunus species, the eastern Pacific Achelous
minimus, has never before been included in Achelous,
but was regarded as a subspecies of Portunus xantusii
by Garth & Stephenson (1966), which was originally in
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Figure 6. Alionectes pulchricristatus (Gordon, 1931), male, CW 26 mm, MNHN-IU-2014-10088, Vietnam, South China Sea.
A, total view. B, front. C, pleon. D, right chela, outer view. E, first pair of gonopods, shape and position. Scale bars: 5 mm.

Achelous (see Stimpson, 1860; above). It is transferred
here to Achelous based on the morphology of its male
pleon and gonopods (see Garth & Stephenson, 1966).

Size: Mostly medium-size portunids; maximum
recorded size (CL x CW)rangesfrom 13.8 mm x 32.4mm
in Achelous tuberculatus to 65.0 mm x 110.0 mm in
Achelous spinimanus (Verrill, 1908; Rathbun, 1930;
Garth & Stephenson, 1966; Williams, 1984).

Ecological notes: Achelous spp. generally occur from
the upper subtidal zone to a depth of 200 m, with most
species having a relatively broad depth range [Verrill,
1908; Rathbun, 1930; Garth & Stephenson, 1966;
Williams, 1984; de Melo, 1996; Rodrigues et al., 2017,
i.e. from 0 to 500-550 m in Achelous spinicarpus and

Achelous spinimanus (see Holthuis, 1959; de Melo, 1996)
or even to 640 m in Achelous floridanus (see Williams,
1984)]. They are not usually reported from estuaries,
except for Achelous inaequalis in West Africa (Manning
& Holthuis, 1981). These crabs prefer mostly soft, often
mixed substrates and sometimes hard bottoms with
algae or seagrass (in the upper subtidal zone) or sessile
macrofauna (Garth & Stephenson, 1966; de Melo, 1996).
Several species were found swimming in the water
column or on flotsam (i.e. Sargasso seaweed; Verrill,
1908; Rathbun, 1930; Garth & Stephenson, 1966; Jerde,
1967), which implies an important role of swimming in
their ecology.

Geographical range: Tropical and subtropical West
and East Atlantic, Mediterranean and Tropical East
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Figure 7. Lupocycloporus gracilimanus (Stimpson, 1858), male, CW 24.2 mm, MNHN-IU-2014-1184, Vietnam, South China
Sea. A, total view. B, front. C, pleon. D, right chela, outer view. E, pair of first gonopods, shape and position. Scale bars: 5 mm.

Pacific (Rathbun, 1930; Garth & Stephenson, 1966;
Manning & Holthuis, 1981; d’'Udekem d’Acoz, 1999).

SUBFAMILY LUPOCYCLINAE PAULSON, 1875
ALIONECTES GEN. NOV.
(FIGS 3A, 4A, 6)

Zoobank registration: urn:lsid:zoobank.
org:act:5946851F-6789-4AF3-8DB9-B609146580ED
Type species: Neptunus (Hellenus) pulchricristatus
Gordon, 1931, by present designation.

Included species: Two.
Alionectes pulchricristatus (Gordon, 1931) comb.
nov.
= Neptunus (Hellenus) pulchricristatus Gordon, 1931
= Neptunus (Hellenus) alcocki Gordon, 1930 [pre-
occupied name, primary junior homonym of
Neptunus (Hellenus) alcocki Nobili, 1906]

Alionectes spinipes (Miers, 1886) comb. nov.
= Neptunus (Amphitrite) spinipes Miers, 1886

Diagnosis: Carapace (Fig. 6A) broadly hexagonal,
with outline of anterior half semicircular; width
(withoutlastlateral teeth) ~1.5 x length;dorsal surface
convex; regions feebly developed. Front (Fig. 6B)
with four blunt triangular lobes projecting beyond
tip of inner supraorbital lobe. Orbits large, circular,
with inner supraorbital lobe rounded; upper border of
orbit deep, without fissures; infraorbital margin with
subrectangular shallow lateral notch. Anterolateral
margin of carapace with nine teeth: eight anterior
ones low, triangular or almost reduced, unequal in
size; last tooth distinctly larger, lateral. Posterolateral
junction of carapace subrectangular, slightly
produced, pointed. Sutures of thoracic sternum well
expressed; suture between thoracic sternum 6 and
7 developed in males and interrupted in females;
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