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Abstract. Chlorodiella longimana is the only chlorodielline species presently known from the western Atlantic Ocean.
Although C. longimana superficially resembles other species of the genus in general appearance of the carapace,
morphological analyses revealed a suite of characters that separate it from all other known species of Chlorodiella – in
particular, ambulatory legs having dactyli with a single tip and a basal antennal segment with a lateral flange that extends
halfway into the orbital hiatus, excluding the antennal flagellum. In addition, a phylogenetic analysis of the Chlorodiellinae
inferred from threemitochondrialmarkers (12S, 16S,COXI) andanuclearmarker (histoneH3), confirms thatC. longimana is
genetically distinct from its congeners. A new genus, Ratha, is proposed to accommodate C. longimana. In addition, a
phylogenetic analysis of six chlorodielline genera indicates that the subfamily is polyphyletic as presently defined.
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Introduction

The Chlorodiellinae contains ~50 species in seven genera and
is widely distributed throughout tropical Indo-West Pacific
(Ng et al. 2008; Mendoza and Manuel-Santos 2012). They can
be particularly abundant in coral reef and rocky shore habitats,
often dominating the environment in abundance and diversity
(Peyrot-Clausade 1977). One exception to this is Chlorodiella
longimana (H. Milne Edwards, 1834), which is restricted to the
tropical and subtropical western Atlantic Ocean (WAO) where it
is found inhabiting similar habitats but at much lower densities
than most allied taxa (Abele 1976).

Like many xanthid taxa, chlorodielline taxonomy has an
erratic history. The first mention of the genus Clorodius
Desmarest, 1823, the type genus of Chlorodiinae Dana, 1851,
was made in a footnote of A. G. Desmarest’s work,
‘Malacostracés’ (1823). There, he stated that Fabricius had
erected the name Clorodius for Cancer dentatus, which, he
said, has denticulate, spoon-tipped chelae (Desmarest 1823:
228). However, as later mentioned by Rathbun (1897a: 156),
there is no species named ‘Cancer dentatus Fabricius’. Later,
H. Milne Edwards (1834: 399–401) described Chlorodius
H. Milne Edwards, 1834 (a misspelling of ‘Clorodius’) as
being close to Xantho Leach, 1814, but with a narrower
carapace and spoon-tipped chelae, and placed several species
that share a suite of morphological characteristics (e.g. spoon
tipped chelae and a similarly-shaped, broad, transversely-ovate
carapace) in Chlorodius while designating Chlorodius niger
(Forskål, 1775) as the type-species. Rathbun (1897a) later

changed Chlorodius to Chlorodiella, citing that Chlorodius is a
junior synonym of Atelecyclus Leach, 1814. All of the species
originally placed in Chlorodius by H. Milne Edwards (1834)
have subsequently been assigned to other xanthid genera (e.g.
Chlorodiella Rathbun, 1897a, Pilodius Dana, 1851, Leptodius
A. Milne-Edwards, 1863 and Cyclodius Dana, 1851). Recently,
Ng and Holthuis (2007) reviewed the confused nomenclatural
history of the group, which resulted in the necessary replacement
of the subfamilial name from Chlorodinae to Chlorodiellinae
Ng & Holthuis, 2007.

The confusing taxonomic history of chlorodielline-associated
genera combined with Chlorodiella longimana’s atypical WAO
distribution led to our investigation of the group to determine
what, if any, relationship exists between C. longimana and the
rest of Chlorodiellinae. Attempts to locate the holotype of
C. longimana at the Muséum national d’Histoire naturelle in
Paris have proven unsuccessful, and it is believed that the type
is no longer extant. As a result, it is necessary to establish a
neotype in an effort to stabilise the species. In addition to
completing a morphological examination of the species
presently thought to comprise Chlorodiella, we present a
phylogeny inferred from three mitochondrial and one nuclear
gene containing 10 of 12 known species of Chlorodiella and
six of seven chlorodielline genera. Our work suggests that
C. longimana represents a yet undescribed genus that falls
outside of a well supported clade containing the three most
species-rich chlorodielline genera: Chlorodiella, Pilodius and
Cyclodius.
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Material and methods

Material examined in this report is deposited at the following
institutions: the FloridaMuseum of Natural History, Gainesville,
Florida, USA (UF); University of Louisiana at Lafayette
Zoological Collection, Lafayette, Louisiana, USA (ULLZ);
National Museum of Natural History, Washington DC, USA
(USNM); and the Zoological Reference Collection of the
Raffles Museum of Biodiversity Research, National University
of Singapore, Singapore (ZRC). Measurements, presented in
millimetres (mm), are of the carapace width and length,
respectively. Conventions for carapace region designations
(e.g. 1F, 1M, etc.) follow Dana (1852). The abbreviations G1
and G2 refer to the male first and second pleopods, respectively,
and ovig. = ovigerous.

Taxon selection

Forty-one specimens, representing 41 nominal species, 30
genera, and 13 xanthid subfamilies, were subjected to
molecular phylogenetic analyses. These samples represented
six of seven chlorodielline genera (Table 1); the seventh
genus, Vellodius Ng & Yang, 1998, was excluded due to
scarcity of specimens and difficulty in sequencing the single
specimen that was available.Menippe rumphii (Fabricius, 1798)
(Menippidae) was selected as the outgroup following Lai et al.
(2011).

Molecular analyses

In total, 163 mitochondrial (16S rRNA, 12S rRNA, COX1) and
nuclear (histone H3) sequences were used in this study of
which 96 were previously published (Felder and Thoma 2010;
Thoma et al. 2009; Lai et al. 2011) and are available onGenBank.
The remaining 67 were generated following methods in Thoma
et al. (2009) (12S, 16S), Lai et al. (2009) (12S), Colgan et al.
(1998) (H3) and Thoma et al. (2013) (COX1) (Table 1). COX1
sequences were checked for stop codons and all sequences were
submitted to NCBI’s BLAST server.

Alignments were done with MUSCLE (Multiple Sequence
Comparison by Log-Expectation) (Edgar 2004) using default
settings in the software Geneious Pro 5.5.3 (Drummond et al.
2011). After each marker was trimmed to remove primer
regions, the concatenated dataset was 1800 bp (12S = 412 bp,
16S = 461 bp, COX1= 593 bp, and H3= 334 bp). The dataset
was partitioned according to locus.

Phylogenies were inferred from the concatenated dataset
using both maximum-likelihood (ML) and Bayesian Inference
(BI) methods. The ML analysis was conducted using RAxML
version 7.0.3 (Stamatakis 2006) using the gamma model of
rate heterogeneity and remaining parameters estimated by
RAxML. Confidence was assessed using 1000 non-parametric
bootstrap replicates (BS).

Prior to the BI analyses, the best fit model for individual loci
was determined based on the Akaike Information Criterion using
JModelTest version 0.1.1 (Posada 2008). Bayesian analyseswere
performed using MrBayes version 3.1.2 (Huelsenbeck and
Ronquist 2003) via the CIPRES portal (http://www.phylo.org/
subsections/portal/) (Miller et al. 2009). Twelve chains total were
run with five hot chains and 1 cold chain per run and the
temperature set to 0.05 for 20million generations. Trees were

sampled every 1000 generations. The first 25% of trees (5000)
were discarded as ‘burn-in’, and a 50% majority rule consensus
tree was generated from the remaining trees. Clade support was
assessed with posterior probabilities (pP). Convergence of the
two runs was assessed and effective sample size was examined
for all sampled parameters using using Tracer 1.5 (Rambaut and
Drummond 2009).

Genetic results

Following alignment and concatenation, the resulting dataset
was 1800 bp. Models selected by JModelTest version 0.1.1 for
12S, 16S,COX1andH3wereTrN+G,TrN+I+G,TIM3+I+Gand
TIM2+G, respectively. Phylogenies inferred from both BI and
MLanalyseswere largely congruent andgenerallywell supported
(Fig. 1). The average standard deviation of split frequencies in
the BI analyses reached 0.006220 after 20million generations.

All ingroup taxa were recovered in a well supported (pP = 1,
BS = 98) clade with two exceptions: Cyrtocarcinus truncatus
(Rathbun, 1906) (Antrocarcininae) and Garthiella aberrans
(Rathbun, 1906) (Garthiellinae). Moreover, Macromedaeus
crassimanus (A. Milne-Edwards, 1867) (Xanthinae) and
Leptodius nigromaculatus Serène, 1962 (Xanthinae) were
recovered in a well supported (pP = 1, BS = 89) clade, which is
sister to Liocarpilodes cf. harmsi (Chlorodiellinae).

The genus Chlorodiella, as defined here, was recovered as a
well supported (pP = 1, BS = 96) monophyletic grouping. Within
the Chlorodiella clade, most nodes were well supported with
the exception of the node joining C. corallicola and C. barbata,
which was recovered in both analyses despite being poorly
supported (pP = 0.69, BS = 66). In addition, three
chlorodielline genera, Pilodius Dana, 1851, Cyclodius Dana,
1851, and Chlorodiella, were recovered in a well supported
(pP = 1, BS = 89) clade, while the other chlorodielline genera,
Sulcodius Clark & Ng, 1999, Tweedieia Ward, 1934,
Liocarpilodes Klunzinger, 1913 and Ratha gen. nov., fall
outside of this clade.

Ratha longimanawas recovered in a poorly supported, early-
branching lineage (pP = 0.51, BS < 50) with representatives of
several other subfamilies– i.e.Xanthodius americanus (Saussure,
1858) (Xanthinae), Lybia edmondsoni (Takeda &Miyake, 1970)
(Polydectinae), Cymo quadrilobatus Miers, 1884 (Cymoinae),
Paraliomera dispar (Stimpson, 1871) (Liomerinae),
Paraxanthias taylori (Stimpson, 1861) (Xanthinae),
Pseudomedaeus distinctus (Rathbun, 1898) (Euxanthinae),
Allactaea lithostrota (Williams, 1974) (Actaeinae),
Carpoporus papulosus (Stimpson, 1871) (Euxanthinae) and
Edwardsium lobipes (Rathbun, 1898) (Euxanthinae) – the
latter six of which form a well supported clade (pP = 1, BS = 99).

Systematic account

Family XANTHIDAE MacLeay, 1838

Subfamily CHLORODIELLINAE Ng & Holthuis, 2007

Genus Ratha, gen. nov.

(Figs 2–5)
Type species: Chlorodius longimanus H. Milne Edwards, 1834: 401, by
present designation.
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Table 1. List of terminal taxa used in this study with locality, catalogue and GenBank accession number
Sequences new to this study are marked with an asterisk (*)

Taxa Locality Catalogue number GenBank accession number
12S 16S COX1 H3

Xanthidae
Actaeinae
Allactaea lithostrota

Williams, 1974
Louisiana: Gulf of Mexico ULLZ 4613 GU144428 GU144456 JQ277192* GU144485

Odhneria echinus
(Alcock, 1898)

Vanuatu: NW coast of Malo
Island

ZRC 2009.1177 HM851402 HM798530 HM751045 HM798379

Paractaea rufopunctata
(H. Milne Edwards,
1834)

Guam: Pago Bay ZRC 2000.0718 HM851407 HM798535 HM751048 HM798383

Antrocarcininae
Cyrtocarcinus truncatus

(Rathbun, 1906)
New Caledonia: Ouvéa, Est de
Mouly

RUMF-ZC 1302 HM851316 HM798445 HM750970 HM798294

Chlorodiellinae
Chlorodiella barbata

(Borradaile, 1900)
Australia: Lizard Island UF 17105 HM851301 HM798431 HM750957 HM798279

Chlorodiella corallicola
Miyake & Takeda,
1968

Philippines: Pamilacan Island ZRC 2010.0296 HM851302 HM798433 N/A HM798281

Chlorodiella cytherea
(Dana, 1852)

Christmas Island ZRC 2010.0373 JQ277170* JQ277186* JQ277187* JQ277211*

Chlorodiella
crispipleopa Dai,
Yang, Song &
Chen, 1986

Guam: Alutom Islet UF 2804 JQ277171* JQ277180* JQ277202* JQ277210*

Chlorodiella davaoensis
Ward, 1941

Philippines: Panglao Island,
Alona Beach

ZRC 2008.0644 HM851303 HM798434 HM750958 HM798282

Chlorodiella laevissima
(Dana, 1852) (type 2)

Australia: Lizard Island,
Yonge Reef

UF 17262 HM851304 HM798435 HM750959 HM798283

Chlorodiella laevissima
(Dana, 1852) (type 1)

Reunion Island:Trois-Bassins,
Souris Chaude

UF 13085 JQ277176* JQ277183* JQ277201* JQ277212*

Chlorodiella nigra
(Forskål, 1775)

Oman: Bar Al Hikman
Peninsula

UF 17948 HM851307 HM798437 HM750961 HM798286

Chlorodiella spinimera
(Forskål, 1775)

Australia: Ningaloo Reef ZRC 2010.0376 JQ277172* JQ277181* JQ277200* JQ277209*

Chlorodiella xishaensis
Chen & Lan, 1978

Philippines: Balicasag Island ZRC 2010.0289 HM851308 HM798438 HM750962 HM798287

Cyclodius nitidus (Dana,
1852)

Japan: Kumejima, Tatami
Ishoh island, Intertidal 5

ZRC 2012.0766 JQ768377* JQ768380* N/A JQ768384*

Cyclodius obscurus
(Hombron &
Jacquinot, 1846)

Hawaii: Oahu, Sand Isand ULLZ 9034 GU144431 GU144459 JQ277194* GU144488

Cyclodius ungulatus
(H. Milne Edwards,
1834)

Philippines: Balicasag Island ZRC 2010.0138 HM851312 HM798441 HM750965 HM798290

Liocarpilodes c.f. harmsi
(Balss, 1934)

Philippines: Bohol, Panglao
Island

ZRC 2012.1013 JQ768378* JQ768381* N/A JQ768383*

Pilodius areolatus
(H. Milne Edwards,
1834)

Hawaii: Oahu, Sand Isand ULLZ 9033 GU144420 GU144448 JQ277191* GU144474

Pilodius cephalalgicus
Clark & Galil, 1993

Indonesia: Anambas Islands,
Pulau Jemaja, Telok Tiru

ZRC 2003.0559 HM851416 HM798544 HM751056 HM798391

Ratha longimana
n. comb.

Panama: Bocas del Toro ULLZ 12144 JQ277169* JQ277177* JQ277196* JQ277204*

Sulcodius deflexus (Dana,
1852)

NewCaledonia: Île Ouen-Baie
de Prony

ZRC 1998.793 HM851430* HM798558* HM751068* HM798404

Tweedieia odhneri
(Gordon, 1934)

Australia: Indian Ocean
Territories, Christmas
Island

ZRC 2012.0767 JQ768379* N/A JQ768385* JQ768382*

(continued next page )
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Diagnosis

Carapace transversely hexagonal. Surface convex, covered with
minute granules, appearing smooth without magnification.
Regions weakly defined, without distinct areolas. Front about
one-third width of carapace, double rimmed. Anterolateral
margin with four teeth excluding exorbital tooth. Antennules

folded obliquely. Orbits relatively small. Basal antennal segment
with lateral flange elongated, reaching almost halfway into
orbital hiatus, flagellum excluded from orbit. Endostome
minutely granular, without longitudinal branchial ridges. Third
maxilliped endopod merus subquadrate, anterior margin slightly
convex, expanded laterally, with medial indention, concave

Table 1. (continued )

Taxa Locality Catalogue number GenBank accession number
12S 16S COX1 H3

Cymoinae
Cymo quadrilobatus

Miers, 1884
Japan:Okinawa ZRC 2009.1173 HM851315* HM798444* HM750969* HM798293

Etisinae
Etisus splendidus

Rathbun, 1906
Indonesia: Sulawesi, Bunaken
Island

ZRC 2008.0526 HM851327 GQ249175* HM750980 GQ249172*

Euxanthinae
Carpoporus papulosus

Stimpson, 1871
South Gulf of Mexico ULLZ 7355 GU144429 GU144457 JQ277193* GU144486

Edwardsium lobipes
(Rathbun, 1898)

Panama: Afuerita Channel ULLZ 9321 GU144427 GU144453 JQ277189* GU144482

Pseudomedaeus
distinctus (Rathbun,
1898)

USA: Florida, off St.
Petersburg

UF 6659 HM851424 HM798552 N/A HM798398

Garthiellinae
Garthiella aberrans

(Rathbun, 1906)
Society Islands: Moorea, east
of Opunohu Pass

UF 15624 HM851338 HM798466 HM750989 HM798316

Kraussiinae
Kraussia rugulosa

(Krauss, 1843)
Guam: Pago Bay UF 886 JQ277175* JQ277182* JQ277197* JQ277206*

Liomerinae
Liomera tristis

(Dana, 1852)
Philippines: Panglao Island,
Momo Beach

ZRC 2010.0144 HM851361 HM798489 HM751010 HM798339

Paraliomera dispar
(Stimpson, 1871)

Belize: Carne Bow Cay ULLZ 9928 JQ277174* JQ277184* JQ277195* JQ277208*

Polydectinae
Lybia edmondsoni

Takeda & Miyake,
1970

Hawaii: Mai Palaoa Beach,
near Maili Point

ZRC 2000.0435 HM851366 HM798494 HM751015 HM798344

Xanthinae
Leptodius nigromaculatus

Serène, 1962
Singapore: Raffles Lighthouse ZRC 2008.0652 HM851353 HM798481 HM751003 HM798331

Macromedaeus
crassimanus
(A. Milne-Edwards,
1867)

Philippines: Balicasag Island ZRC 2003.0369 HM851370 HM798498 HM751018 HM798347

Paraxanthias taylori
(Stimpson, 1861)

USA: California, Pacific
Beach, San Diego

ULLZ 5875 JQ277168* JQ277179* JQ277198* JQ277203*

Xantho poressa
(Olivi, 1792)

Spain: Cadiz, Cabo De
Trafalgar

ULLZ 3808 JQ277173* JQ277185* JQ277188* JQ277205*

Xanthodius americanus
(Saussure, 1858)

Southwest Gulf of Mexico ULLZ 7031 JQ277167* JQ277178* JQ277199* JQ277207*

Zalasiinae
Banareia nobili

(Odhner, 1925)
Philippines: Panglao Island,
Bolod

ZRC 2010.0131 HM851299 HM798429 HM750954 HM798277

Zosiminae
Atergatis floridus

(Linnaeus, 1767)
Singapore: Pulau Seringat ZRC 2009.0373 HM851291 HM798422 HM750949 JF930159

Menippidae
Menippe rumphii

(Fabricius, 1798)
Singapore: Labrador Beach ZRC 2003.211 HM637946* HM637976* HM638051* HM596626*
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junctionwith carpus. Chelipeds subequal, long, length frombasis
to distal margin ofmerus about equal to carapace length. Anterior
margin of merus with large, acute teeth. Fingers black, lined with
tufts of setae on flexor surface of cutting margin, tips white,
spoon-like, hollowed, each with brush of setae behind edge.
Ambulatory legs moderately long, stout, setose; dorsal margin
lined with spines; dactyl–propodal locking mechanism well
developed. Male abdomen long, narrow, with somites 3–5
appearing indistinguishably fused externally, appearing
smooth to naked eye; somite 3 not forming a locking system
with thoracic episternite 7; telson subtriangular, longer than

broad, tip rounded, anteriorly reaching sternal condyle of first
ambulatory leg. Male thoracic sternum broad, granulate;
episternites not delimited by a sulcus; sternites 2, 3 flat; press-
button on sternite 5 near suture between sternites 5 and 6. G1
moderately stout, laterally flattened; apex acute, curved laterally.
Second gonopod less than 1/3 length of first. Vulva of mature
females circular, large, in middle of sternite 6; aperture opens
medially.

Assigned species

Chlorodius longimanus H. Milne Edwards, 1834.

Fig. 1. Maximum likelihood phylogeny inferred from combined 12S, 16S rRNA, COXI andH3 sequences. Numbers above and below
branches indicate maximum likelihood bootstrap (BS) support and Bayesian Inference posterior probability (pP), respectively. ‘–’
representsvalues below50 (BS)or 0.70 (pP).MissingpP indicates clades not recovered in theBI analysis. Terminal taxa indicated in black
are members of Chlorodiellinae.
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Fig. 2. Ratha longimana, comb. nov. neotype male, 20.3� 12.7 (USNM 1190165), Trinidad; A, carapace, dorsal view; B, dorsal
view; C, frontal view; D, thoracic sternum; E, minor chela, external view; F, major chela, external view.

Fig. 3. Ratha longimana, comb. nov., neotype male, 20.3� 12.7 (USNM 1190165), Trindad; A, major chela,
internal view; B, right basal antennal segment, frontal view; C, left third maxilliped, extermal view. Scales:
1.0mm.
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Remarks

Ratha gen. nov., differs from the chlorodielline genera,
Cyclodius, Pilodius, Sulcodius, Tweedieia and Vellodius, by
having a smooth, unadorned carapace, with only slightly
raised, indistinctly defined regions (versus raised, distinct
regions often adorned with setae and/or granules in all
Chlorodielline genera except Liocarpilodes and Chlorodiella).
Garthiellawas recently revised by Mendoza andManuel-Santos
(2012), who also removed the genus to its own subfamily,
Garthiellinae Mendoza and Manuel-Santos, 2012. The genus is

significantly different from all other chlorodiellines in any case
(see Mendoza and Manuel-Santos 2012) so there is no need to
comment further. In comparison to Liocarpilodes, Ratha gen.
nov., has a relatively straighter anterolateral margin, a relatively
wide front, and a G1 with short, stout, and downward pointing
distal setae (versus a rounded anterolateral margin, a narrower
front, and a G1 with long, fine subapical setae) (Serène 1984). In
the general appearance of the carapace and chelae, Ratha gen.
nov., is most similar to Chlorodiella. It differs in having
ambulatory legs with dactylae ending in a single tip, a basal

Fig. 4. Ratha longimana, comb. nov., neotype male, 20.3� 12.7 (USNM 1190165), Trinidad; A, right fourth
ambulatory leg; B, male abdomen, external view; C, right G1, external view; D, right G1, internal.
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antennal segment with a lateral flange that extends halfway into
the orbital hiatus, and relatively narrower orbits (versus bifid
dactyli, a basal antennal segment without a lateral flange
obstructing the orbital hiatus, and wider orbits in Chlorodiella)
(see Ng and Yang 1998: figs 5a, 7a; Serène 1984: pl. 36).

The only other WAO genus similar in morphology to Ratha
gen. nov., is Paraliomera Rathbun, 1930 (Liomerinae). Both
genera have a transversely ovate, smooth carapace with regions
barely marked and chelae with similar spoon-like tips. Ratha
gen. nov., however, possesses a relatively narrower carapace,
distinctly acute anterolateral teeth and subequal chelipeds (versus
a broad carapace, an obscurely lobed or toothed anterolateral
margin, and very unequal chelipeds in Paraliomera) (Rathbun
1930: 243, pl. 101, figs 1–5).

Etymology

The genus is named after the American carcinologist Mary
Rathbun, in honour of her exemplary contributions to
brachyuran taxonomy. The name is arbitrarily derived from
the first four letters of her family name. Gender feminine.

Ratha longimana, comb. nov.

(Figs 2–5)

Chlorodius longimanus H. Milne Edwards, 1834: 401; Desbonne and
Schramm, 1867:30

Chlorodiella longimanus Rathbun, 1897b: 14
Chlorodiella longimana Rathbun, 1900: 288; 1901: 36; 1930: 462,
pl. 186; 1933: 68, fig. 58; Rodriguez, 1959: 269, 275; Garth, 1978:
320, 326; Lemaitre, 1981: 250; Keith, 1985: 265, fig. 7E; Abele &
Kim, 1986: 48, 186; Camp et al., 1998: 148; Álvarez et al., 1999:
12; Tagliafico et al., 2005: 93; Ng et al., 2008: 234; Felder et al., 2009:
1084

Material examined

Neotype. <, 20.3� 12.7mm (USNM1190165), under rocks and in crevices
in coral heads, Cumana Bay, Trinidad, Caribbean Sea, coll. J. Stanley,
6 January 1970.

Additional material. 1 <, 12.8� 7.9mm (ULLZ 12144), amongst
rubble, CSN-12144, rubble, Stn. 2, Bocos del Torro, Caribbean, Panama,
coll.D.Felder, 8August2004; 1<, 16.6� 10.1mm,1ovig.,, 13.3� 8.3mm,
2 ,, 14.2� 9.0mm, 9.8� 6.2mm (USNM 139255), under rocks and in
crevices in coral heads, Cumana Bay, Trinidad, Caribbean Sea, coll.
J. Stanley, 6 January 1970; 1 ovig. ,, 15.2� 9.2mm (ULLZ 11098), Isla
Enmedio, CSN-11098, Veracruz, Mexico, coll. J. Rickner, 1973; 1 ,,
16.2� 9.8mm (ULLZ 11247), Isla Lobos, CSN-11247, STN I-4–2,
Veracruz, Mexico, coll. J. Rickner; 1 <, (UF 32481), in dead Acropora,
reef, 4–5m depth, Pinel Island, Saint Martin, Caribbean Sea, coll. A. Anker,
J. F. Maréchal, 24 April 2012.

Redescription

Carapace (Fig. 2A,B) transversely hexagonal, ~1.7 times broad as
long. Surface convex, covered with minute granules, appearing
smooth without magnification. Front (Fig. 2C) about one-third
width of carapace, double rimmed; upper rim straight; lower rim
sinuous joining mesially to formV-shaped notch, separated from
orbit by sulcus. Regions weakly defined; 1M slightly raised;
anterior of 2M joining with 2L and 3L; 2L and 3L forming
transverse ridge, separated from orbit and posterior regions by
transverse troughs; posterolateral border of 3M indicated with
longitudinal furrows.Anterolateralmarginwith 4 teeth excluding
outer supraorbital tooth; tooth 1 low, obtuse, rounded; tooth 2
higher, subacute; teeth 3 and 4 acute, anteriorly directed; tooth 3
largest, most prominent.

Eyestalk minutely granulate. Orbit ~0.13 width of carapace at
widest point from anterior view; superior margin with slight
medial and medio-lateral transverse sulci; inner supraorbital
tooth separated from front by broad sulcus; outer supraorbital
tooth separated from outer suborbital tooth by V-shaped notch;
inferior margin concave, granulate; mesial and lateral suborbital
teeth projecting anteriorly, rounded, inner suborbital tooth
lamelliform.

Antennules folded obliquely. Basal antennal segment
(Fig. 3B) with lateral flange reaching almost halfway into
orbital hiatus, flagellum excluded from orbit.

Epistome surface minutely granulate, anterolateral margin
meeting nephridiopore operculum, postero-lateral margin
overlaid by pointed, granular pterygostomial projection.
Endostome without longitudinal ridges. Third maxilliped
(Fig. 3C) exopod moderately stout, microscopically punctate,
without setae except at junction with flagellum; endopod with
ischium stout, ~0.7 times wide as long (medial width by medial
length), longitudinal sulcus near extensor margin, extensor
margin thin with fringe of setae; merus subquadrate, anterior
margin expanded laterally, with distinct indentation or
median notch, rounded convexly towards concave junction
with carpus.

Chelipeds (Figs 2B,E,F, 3A) subequal, long, length frombasis
to distal margin ofmerus about equal to carapace length. Anterior
margin of merus with 4 large, acute, laterally directed teeth.
Propodus smooth, long, tip of fixed finger to ventral junction
with carpus ~1.5 times length of merus. Fingers black, surface
minutely punctate; tips white, hollowed, spoon-like, with
subapical brush of setae on cutting edge; immovable finger
with denser brush of setae, smaller patch of setae on flexor
surface of cutting margin, black pigment extending 2\5 length
of lower margin. Dactylus with about four densely packed

Fig. 5. Ratha longimana, comb. nov., male (UF 32481), Saint Martin; live
colouration. Photo by Arthur Anker.

386 Invertebrate Systematics R. M. Lasley Jr. et al.



brushes of setae proximally on flexor surface of cutting margin,
one sparse patch of setae on flexor surface of cutting margin
midway to tip. Major chela more robust, with denser, more
numerous patches of setae, movable finger more concave,
otherwise similar to minor chela.

Ambulatory legs (Figs 2B, 4A) moderately long, stout, setose;
extensor surface sparsely covered with robust plumose setae,
lined with sharp, arched spines, arranged in 2 rows on carpus and
propodus; merus of last leg not reaching last anterolateral tooth
when apposed against carapace; dactyl–propodal locking
mechanism well developed, formed by lamillar extension of
distal margin of propodus that slides beneath a bulbous flange
on dactylus; tip of dactylus with single terminal spine and 2
slightly enlarged, downward-pointing, subdistal spines.

Male abdomen (Figs 2D, 4B) long, narrow, with somites 3–5
fused, appearing smooth to naked eye but minutely granulate;
somites 1 and 2 with margins granulate, sutures between somites
3–5, evident as slight lateral indentions, somite 3 not lockingwith
thoracic episternite 7; somite 6 broadest distally, greatest width
about equal to length, appearing longer due to concave lateral
margins. Telson subtriangular, longer than broad, tip rounded,
reaching sternal condyle of first walking leg.

Male thoracic sternum (Fig. 2D) broad, granulate; sternites 2
and 3 flat; suture between sternites 1 and 2 indicated by row of
few long, stout, simple setae; suture between sternites 3 and 4
evident as short transverse lateral sulci. Press-button on sternite 5
near suture between sternites 5 and 6. Sternite 7 not divided by
tranverse sulcus near sternal condyle of third ambulatory leg.
Opening for male papilla large, elliptical, located on fifth
periopod coxa, just anterolateral to sternal condyle, covered by
lateral lobe of third abdominal segment.

G1 (Fig. 4C, D) moderately stout, laterally compressed,
pointed; sternal and abdominal margins lined with short, stout
setae; distal 1/5 with abdomino-medial surface having array of
short spines; lateral surface excavate appearing longitudinally
hollowedwith~8mixed-length subdistal setae; apex lamelliform,
strongly deflected mesially. G2 (Fig. 4E) less than 1/3 length of
first gonopod, terminating in long, slender spine.

Live coloration

Coloration (Fig. 5) entirely brown with minute light-blue spots,
more numerous on thoracic sternum, third maxillipeds,
ambulatory legs.

Variations

Adult female specimens conform closely to the morphology of
the male holotype, excluding sexual structures. Female abdomen
appears as an elongate oval from second somite to telson. Vulva
of mature females are located on sternite 6 and are circular,
moderate in size and positioned slightly closer to the suture
between sternites 5 and 6 than 6 and 7. The aperture of the
gonopore is wide, almost completely the circumference of the
vulva, and the membrane is restricted to the lateral margin,
covering less than 1/4 the diameter of the aperture.

Smaller specimens tend to have more defined antero-lateral
transverse ridges and the anterior borders of regions 1M, 2M and
3M are more defined, although some large specimens have
relatively well defined regions. Also, the antero-lateral teeth of

the carapace and the spines of the merus of the chelipeds are
sharper with corneous tips in small specimens. Furthermore,
in smaller specimens the frontal rim of is often distinctly
serrated, and the apex of the male G1 is not as strongly
deflected mesially.

Distribution

Ratha longimana, comb. nov. is recorded from the north coast
of Brazil, the western coast of the Gulf of Mexico, southern
Florida, and throughout the Caribbean. It was reported from St.
Thomas Island, West Africa by Osorio (1887) but no specimens
have been collected in the region since. Monod (1956) first cast
doubt on the veracity of Osorio’s record, followed by Manning
andHolthuis (1981),whobelieved thatOsorio’s recordwasbased
on either misidentification or erroneously labelled specimens.
Hence, the eastern Atlantic Ocean is considered extralimital for
this species.

Habitat

This species is known from habitats with hard substrates
such as rocky areas, coral reefs, rubble, and clumps of
calcareous algae from shallow waters to 154m (see Lemaitre
1981, Abele 1976).

Type status

Henri Milne Edwards (1834) apparently described the species
fromonlyonemale specimen, as hegives adescriptionof themale
chelipeds and lists just one measurement: length = 6 linges (ca.
13.5mm). A search for the holotype in the collections of the
Muséum national d’Histoire naturelle in Paris, France by Peter
Castrowas unsuccessful, and the type specimen is presumed to be
lost. Although the authors were unable to locate material from
PuertoRico, the type locality, a largemale in good condition from
Cumana Bay, Trinidad (roughly 600 miles SE of Puerto Rico),
was found in the crustacean collection of theNationalMuseumof
Natural History (USNM), Washington, DC, USA. Given the
scarcity of available specimens in good condition, the relative
proximity of Trinidad to the type locality, and the need to stabilise
the species, this specimen is designated here as a neotype (USNM
1190165).

Remarks

Since its description by H. Milne-Edwards (1834), Ratha
longimana, comb. nov., has had a relatively stable taxonomic
history. Much of this is likely due to there being no other WAO
specieswith a similar habitus.OfWAOspecies,Ratha longimana
is morphologically most similar to Paraliomera dispar
(Stimpson, 1871), with both species having chelae with spoon-
like tips and a transversely-ovate, smooth carapace with barely
marked regions. However, Ratha longimana, comb. nov. has a
proportionately broader carapace with lateral transverse ridges
and acute teeth on the anterolateral margin (versus narrower
with no ridges and an obscurely lobed anterolateral margin).
Although the chelipeds of both species are somewhat spoon-like
at the tips, thoseofP.dispar are extremely unequal,whereas those
of R. longimana, comb. nov. are subequal.
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Discussion

Ratha and the Chlorodiellinae

Based on the topology of the present phylogenetic tree, our
decision to designate a new genus for Chlorodiella longimana
is well supported. The phylogeny contains six of seven
chlorodielline genera and 13 of 14 xanthid subfamilies.
Support for deep nodes is generally low and is likely due to
limited taxon sampling within non-chlorodielline subfamilies,
which were included to provide a framework for Ratha gen. nov.
and Chlorodiella. However, the monophyly of Chlorodiella is
well supported (pP = 1, BS = 94), and this clade falls within a
larger, well supported (pP = 1, BS = 89) clade containing two
other chlorodielline genera, Cyclodius and Pilodius, but
excluding Ratha, gen. nov., Sulcodius, Liocarpilodes and
Tweedieia. The Chlorodiella–Cyclodius–Pilodius clade is
similar to that of Lai et al. (2011), who also recovered
Chlorodiella, Pilodius and Cyclodius with high support;
although no other chlorodielline genera were included in their
analysis. These findings indicate that the Chlorodiellinae s. str.
may only comprise Chlorodiella, Cyclodius and Pilodius. The
subfamilial placement ofSulcodius, Liocarpilodes andTweedieia
within Xanthidae is, at the moment, uncertain and will require
greater morphological and molecular analyses to resolve.
Furthermore, progress in xanthid systematics is indicating that
manyof theboundariesbetween subfamilies (e.g.Chlorodiellinae
and Etisinae, Euxanthinae and Xanthinae, Zosiminae and
Xanthinae, etc.) are tenuous at best (Ng et al. 2008; Lai et al.
2011). Given the uncertain phylogenetic relationships between
chlorodielline genera and the tentative subfamilial boundaries
within the Xanthidae, a conservative approach is taken, leaving
Ratha gen. nov., in Chlorodiellinae, until a more thorough
analysis of the Xanthidae can be undertaken.

Morphologically, however, Ratha gen. nov., possesses the
diagnostic characteristics representative of Chlorodiellinae Ng&
Holthuis, 2007: spoon-tipped chelae; a relatively broad, distinctly
chlorodielline-like, transversely-ovate carapace; a broad, hardly-
projecting front; and a well defined ambulatory dactyl–propodal
locking mechanism. It also possesses features of the thoracic
sternum and abdomen recently shown to be characteristic of the
Chlorodiella–Pilodius–Cyclodius group: flat thoracic sternites 2
and 3, no division of sternite 7 near the sternal condyle of the third
ambulatory leg, somite3of the abdomennot lockingwith thoracic
episternite 7, and the tip of the male telson reaching the sternal
condyle of the first walking leg (Lai et al. 2011). Ratha gen. nov.,
however, does not possess the typical bifid dactylus, which has
been tenuously used to characterise Chlorodiellinae (Clark and
Ng 1999: 357; Ng and Yang 1998: 1687); although this feature is
not present inCyclodiusDana, 1851 either.Ratha gen. nov., has a
single distal dactylar spinewith two slightly enlarged, downward-
pointing, subdistal spines (see Clark andNg 1999: fig. 7c, Ng and
Yang 1998: fig. 7b).

Phylogeny of Chlorodiella

The phylogeny includes 10 of 12 known Chlorodiella species
and offers clear insights on the taxonomy and evolution of
the group (Fig. 1). Despite its ubiquity in terms of distribution,
abundance and availability of many species in museum
collections, the taxonomy of the genus is far from resolved.

Much of the confusion appears to be due to the high degree of
convergence between species and variation within species. Three
major revisionary works that focused on Chlorodiella all
indicated difficulties in differentiating species of the genus:
Serène 1984; Forest and Guinot 1961; Dai and Yang 1986.
Three species, namely C. crispipleopa Dai, Yang, Song &
Chen, 1986, C. davaoensis Ward, 1942 and C. cytherea
(Dana, 1852), are difficult to distinguish based on just
morphology, which lead to a cautious attribution of names to
terminal branches in our analysis. An examination of the type
specimen of C. davaoensis indicates that it is likely the senior
synonym of C. crispipleopa (unpubl. data). The holotype of
C. crispipleopa was not available for examination, and the
holotype of C. cytherea is not extant. In short, morphological
descriptions of these three species in the literature only tenuously
match our three specimens used in this analysis. Exhaustive
morphological study in conjunction with our molecular data
will shed light on this issue but is beyond the scope of this
study. Further, two specimens that morphologically conform to
the original and subsequent descriptions of C. laevissima are
included, indicating unknown diversity in the group. The
taxonomy of these species will be treated at length in a
separate study by the first author.
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