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ABSTRACT

The species of the genus Raymunida from the Pacific and Indian oceans are revised using mor-
phological characters and the mitochondrial cytochrome oxidase subunit | sequences. Four new
species are described (R. confundens, R. dextralis, R. erythrina, and R. insulata), and the status of
R. bellior and R. elegantissima are revised. The species of Raymunida can be identified by subtle
morphological characters, which match differences in mitochondrial nucleotide sequences. There-
fore, the sequence divergences confirm the specific and phylogenetic value of some morphological
characters (e.g., length of the mesial spine on the basal antennal segment, length of the walking
legs). Furthermore, they confirm the importance of the color pattern as a diagnostic character. The
widespread species (R. elegantissima), known from the Philippines to Fiji, shows minimal diver-
gence between specimens from different localities (maximum of 3 nucleotide differences or 0.2%
mean divergence). The phylogenetic reconstruction agreed with the monophyletic condition of Ray-
munida and its differentiation with respect to the genus Munida (in which Raymunida species had

previously been included) and Agononida.

The genus Raymunida has recently been
created to include those species of the genus
Munida Leach, 1820, characterised by the
presence of four spines on each branchial
margin of the carapace; abdominal tergites
unarmed; epipods on the first, second, and
third pereiopods; one spine on the frontal
margin between supraocular and anterol ateral
spines; one distal spine on the flexor margin
of the carpus of the third maxilliped; the
merus of the second pereiopod clearly more
slender than those of the third and fourth
pereiopods; and the presence of several long
marginal spines on the endopod of the
uropods (Macpherson and Machordom,
2000). The genus currently contains three
species recorded from numerous localities of
the Pacific and Indian oceans. (1) R. elegan-
tissima (De Man, 1902) from the eastern In-
dian Ocean, Malay Archipelago, Indonesia,
Philippines, Japan, western and eastern Aus-
tralia, New Caledonia, Bellona Island, Vanu-
atu and Futuna Island, between 20 and 440
m; (2) R. bellior (Miyake and Baba, 1967)
from Japan, Philippines, Loyalty, Chester-
field, and Futuna I slands, between 80 and 330
m; and (3) R. cagnetei from the Marquesas

Islands, between 53 and 112 m (Baba, 1988;
Macpherson, 1994, 1996, 1999; Macpherson
and Machordom, 2000). Although several
morphological differences among the three
species exist, very few specimens (usually 1
or 2) of R. elegantissima and R. bellior are
caught in each locality, which prevents the
evaluation of intraspecific morphological
variations and specific characters. Further-
more, the color pattern, which differentiates
many species of galatheid decapods (Mac-
pherson, 1994), is lost in preserved material.
Therefore, the identification and occurrence
of R. elegantissima and R. bellior in some
localities are doubtful, and arevision of these
specimens has been recommended (M acpher-
son, 1994, 1996, 1999). For these reasons, as
in other groups with dubious species (Chan
and Chu, 1996; Sarver et al., 1998), we have
used, in addition to morphology, molecular
characters in order to provide supplementary
support to the species identifications.
Molecular data are a complementary ap-
proach to morphology, especialy in discrim-
inating cryptic or sibling species (Knowlton,
1993; Sarver et al., 1998) and constructing
phylogenetic relationships (Avise, 1994). Mi-
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Table 1. Species studied for mitochondrial DNA sequences, including sampling localities, expedition, station, and
codes used in Figure 7 and Table 2.

Code Species Locality Expedition Station GenBank A. No.
RCA1 Raymunida cagnetei Marquesas Is. Musorstom 9 1177 AF 283869
RCA2 Raymunida cagnetei Marquesas Is. Musorstom 9 1177 AF 283870
RCA3 Raymunida cagnetei Marquesss Is. Musorstom 9 1177 AF 283871
RCO1 Raymunida confundens Chesterfield Is. Musorstom 5 315 AF 283872
RCO2 Raymunida confundens New Caledonia Smib 8 178 AF 283873
RDE1 Raymunida dextralis Loyalty Is. Musorstom 6 419 AF 283874
REL1 Raymunida elegantissima Bellona ls. Corail 1 unnumbered AF 283875
REL2 Raymunida elegantissima Wallis Is. Musorstom 7 498 AF 283876
REL3 Raymunida elegantissima Philippines Musorstom 1 57 AF 283877
REL4 Raymunida elegantissima Vanuatu Musorstom 8 966 AF 283878
REL5 Raymunida elegantissima Vanuatu Musorstom 8 966 AF 283879
REL6 Raymunida elegantissima New Caledonia Lagon Est 640 AF 283880
REL7 Raymunida elegantissima Fiji Musorstom 10 1363 AF 283881
RER1 Raymunida erythrina Futuna Is. Musorstom 7 515 AF 283882
RER2 Raymunida erythrina Vanuatu Musorstom 8 1077 AF 283883
RIN1 Raymunida insulata Seychelles Is. Cepros unnumbered AF 283884
MRH1 Munida rhodonia New Caledonia Halipro 1 854 AF 283885
MRH2 Munida rhodonia New Caledonia Halipro 1 854 AF 283886
MRU1 Munida rubrodigitalis New Caledonia Biocal 52 AF 283887
AIN1 Agononida incerta New Caledonia Bathus 3 824 AF 283888
AIN2 Agononida incerta New Caledonia Bathus 3 824 AF 283889

tochondrial DNA sequences have been used
in many groups of decapods. Penaeidae
(Palumbi and Benzie, 1991; Baldwin et al.,
1998), Nephropidae (Tam and Kornfield,
1998), Palinuridae (Sarver et al., 1998), Hip-
pidae (Tam et al., 1996), Cancridae (Harrison
and Crespi, 1999), Portunidae (Chu et al.,
1999), and they have provided information
for taxonomic studies and phylogenetic re-
constructions. The present study examines
species of Raymunida from many localities
of the Pacific and Indian oceans by compar-
ing morphological characters and a partial se-
guence of the cytochrome oxidase gene in the
mitochondrial genome. Our objectives are (1)
to study the material classified as R. bellior
and R. elegantissima in order to verify the
possible existence of new species, corrobo-
rating the morphological distinctions with
molecular data; (2) to assess which morpho-
logical characters have a specific phyloge-
netic value; and (3) to validate the status of
the genus Raymunida, erected on the basis
of morphological characters, by comparing
molecular data of its species with those of
Munida Leach, 1820, and Agononida Baba
and de Saint Laurent, 1996.

MATERIALS AND METHODS

The collections of Raymunida specimens in the
Muséum national d’Histoire naturelle of Paris (MNHN)
and National Museum of Natural History, Washington,
D.C., were examined. For morphological descriptions,

measurements given are of carapace length, excluding
rostrum, and the terminology used mainly follows
Macpherson (1994). Color notes are based on slides taken
of living material. To avoid repetitious descriptions, a
brief diagnosisis provided for each species, without men-
tioning the characters included in the generic descrip-
tion. Raymunida cagnetei is not included (see Macpher-
son and Machordom, 2000). Additional data on the geo-
graphic location of the stations are to be found in the
following papers: “Albatross’ Expedition (Baba, 1988),
Musorstom Expeditions (Macpherson, 1994, 1996, 1999).
The synonymies provided here are based on the original
descriptions and on recent papers.

For molecular analysis, we used samples from severa
localities and species from the western Pecific (e.g., Mu-
sorstom Expeditions) and western Indian oceans (Cepros
Expedition), preserved in 70% alcohol and deposited in the
Muséum national d'Histoire naturelle, Paris. Specimens
from the “Albatross’ Expedition were not used as nucleotid
sequences could not be obtained (probably they were orig-
inally preserved in Formalin); therefore, the unique spec-
imen identified as Raymunida bellior was used only for the
morphological study (see below). We aso compared mol-
ecular data of the species of Raymunida with those of two
species of Munida (M. rhodonia Macpherson, 1994, and
M. rubrodigitalis Baba, 1994) and one species of Agonon-
ida (A. incerta (Henderson, 1888)). From each specimen,
the fifth pereiopod was taken. Collection locations and
number of specimens of Raymunida analysed are shown
in Table 1. The sequences have been deposited in Gen-
Bank (Table 1). Platyeriocheir formosa (Chan et al., 1995)
(Family Grapsidae) (GenBank Accession Numbers
AF105249 and AF105250) was used as outgroup.

Total DNA was extracted from tissues preserved in
ethanol. We ground the samples to a powder in liquid ni-
trogen before adding 600 pl of CTAB lysis buffer (2%
CTAB, 1.4 M NaCl, 0.2% Bmercaptoethanol, 20 mM
EDTA, 0.1 M TRIS pH = 8) and digesting them with
proteinase K (100 pg/ml) at 60°C for 2-5 h. The rest of
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the extraction followed the phenol/chloroform method
(Sambrook et al., 1989). The partial COI was amplified
by polymerase chain reaction (PCR). The primers used
were LCO1490 (Folmer et al., 1994), and COI-H
5TCAGGGTGACCAAAAAATCASZ' (6 bases shorter
than HC0O2198 of Folmer et al., 1994). The following cy-
cles were used in the amplification: 92°C (5 min), 40 cy-
cles of 94°C (30 s), 50°C (1 min), 72°C (1 min), and a
final extension of 72°C (10 min). The PCR mix, for afi-
nal volume of 50 pl, was 1-3 pl DNA, 0.5 uM each
primer, 0.2 mM of each dNTP, 2 mM MgCl,, 1 U Tth
DNA polymerase (Biotools), the corresponding buffer and
ddH,O. The products were visualised under UV light in
1.5% agarose gels stained with ethidium bromide, with
aco-migrating 100 bp ladder mol ecular-weight marker to
confirm the correct amplification. The amplified fragments
(around 700 bp) were purified in “Biotools” columns for
the sequencing of both strands (using the same primers
as for the amplification). Sequence gels were run on an
ABI 377 DNA sequencer (Applied Biosystems).

The sequences obtained were aligned and verified with
the forward and reverse overlap sequences with the Se-
quencher program (Gene Code Corporation). The trans-
lation to proteins was also verified with this program and
with MacClade (Maddison and Maddison, 1992), where
we designated each position in the codons.

Nucleotide saturation was analysed by plotting tran-
sition/transversion rate against uncorrected p divergence
values. The sequences analysed followed the principles
of MP (maximum parsimony), NJ (neighbour joining),
and ML (maximum likelihood). The best model of evo-
lution that fit our data was obtained using the program
Model Test 2.1 (Posada and Crandall, 1998). Thus, the
GTR (General Time Reversible model, Lavane et al.,
1984, Rodriguez et al., 1990) distance was used. The par-
simony analyses were performed by heuristic search with
TBR branch swapping and 10 replicates of random ad-
dition of taxa. The maximum likelihood approach was
performed using Quartet Puzzling analysis (with 1,000
replications). The PAUP* (Swofford, 2000) package was
used for these treatments. Transitions/transversions ratio
was estimated using maximum likelihood approach. To
determine whether a particular tree topology is a signif-
icantly worse explanation of the data than an aternative
tree, we used both Wilcoxon signed-ranks (Templeton,
1983) and Kishino-Hasegawa (Kishino and Hasegawa,
1989) tests, as implemented in PAUP.

RESULTS
Systematics
Raymunida bellior
(Miyake and Baba, 1967)
Fig. 1A-D
Munida bellior Miyake and Baba, 1967, p. 216, figs. 3,

4.—Baba, 1988, p. 90.
not Munida bellior.—Macpherson, 1994, p. 450, fig. 66

(calor) [in part = Raymunida confundens, new species;

R. dextralis, new species; R. elegantissima (de Man,

1902)]; 1996, p. 390, fig. 12 (color) [in part = R. ele-

gantissima (de Man, 1902); R. erythrina, new species].

Material Examined.—Philippines. Between Masbate and
Leyte. “Albatross,” stn. 5398, 209 m: 1 female, 9.5 mm.

Diagnosis.—Carapace with transverse ridges
with some very short, not iridescent, setae,
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without long iridescent simple setae. Gastric
region with row of 4 pairs of epigastric
spines. One parahepatic, 3 branchial anterior,
and 1 postcervical spine on each side. Second
and third abdominal tergites without long
iridiscent simple setae, with 1 main continu-
ous transverse stria. First segment of anten-
nal peduncle with 1 long distal spine on
mesial margin, overreaching antennal pedun-
cle and reaching end of basal segment of an-
tennular peduncle (excluding distal spines);
second segment with 2 long distal spines,
mesial distal spine slightly longer than lateral
spine, overreaching antennal peduncle; third
segment unarmed. Merus of third maxilliped
unarmed on extensor margin. Chelipeds with
numerous long plumose setae. Palm 0.75 fin-
gers length. Palm with several spines scat-
tered on mesial and dorsal sides and 1 row
of dorsolateral spines, continuing aong prox-
imal half of fixed finger; movable finger with
1 spine on proximal part of mesial margin.
Second pereiopod 2.4 times carapace length;
merus as long as carapace, about 7 times as
long as high, 3 times carpus length and about
1.3 times propodus length; propodus about 9
times as long as high and 2.7 times dactylus
length. Merus with spines along dorsal bor-
der, increasing in size distally, ventral margin
with few distal spines. Carpus with some dor-
sal spines and 1 distoventral spine. Propodus
with 5 movable ventral spines. Dactylus
short, with dorsal margin slightly convex,
curving distally, ventral border indented, with
8 movable spinules along entire ventral mar-
gin. Merocarpal articulation of third walking
leg slightly overreaching frontal margin of
carapace and not exceeding sinus between
rostral and supraocular spines.

Color—(from Miyake and Baba, 1967)
Ground color of carapace and abdomen red-
dish brown. Carapace with broad V-shaped
band of reddish brown placed on posterior
half. Proximal and distal portions of each
joint of cheliped more emphasized with red-
dish brown color than other portions, fingers
light seashell pink. Merus of each ambulatory
leg with three bands of reddish brown, car-
pus with a single band of reddish brown at
proximal portion, propodus with two bands,
dactylus reddish brown.

Distribution.—Sagami Bay, Japan (type lo-
cality), Philippines, between 80 and 209 m.
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B,C,F, G
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Fig. 1. A-D Raymunida bellior (Miyake and Baba). Philippines. “Albatross,” stn. 5398, female (CL = 9.5 mm). A,
carapace and abdomen, dorsal view; B, ventral view of cephalic region, showing antennular and antennal peduncles;
C, right third maxilliped showing ischium, merus, and carpus, lateral view; D, left first walking leg. E-H Raymu-
nida elegantissima (de Man). Malaysia. “Albatross,” stn. 5593, female (CL = 6.2 mm). E, carapace and abdomen,
dorsal view; F, ventral view of cephalic region, showing antennular and antennal peduncles; G, right third maxil-
liped showing ischium, merus and carpus, lateral view; H, right first walking leg. (Setae not illustrated.)
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Fig. 2. Raymunida confundens, new species. Holotype, New Caledonia. Smib 8, stn 178, female (CL = 7.6 mm).
A, carapace and abdomen, dorsal view; B, sternal plastron; C, ventral view of cephalic region, showing antennular
and antennal peduncles; D, right third maxilliped showing ischium, merus, and carpus, latera view; E, right che-
liped showing propodus and chela, dorsal view; F, right first walking leg, lateral view; G, dactylus of first right
walking leg, lateral view (Setae not illustrated).
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Raymunida confundens, new species
Fig. 2
Munida bellior—Macpherson, 1994, p. 450 (in part) [not
Raymunida bellior (Miyake and Baba, 1967)].

Material Examined.—Chesterfield Islands. Musorstom
5, stn 315, 330 m: 1 male (broken). New Caledonia. Smib
8, stn 178, 400 m: 1 female, 7.6 mm (holotype)
(MNHN-Ga 4376).

Diagnosis.—Carapace with transverse ridges
with dense very short, not iridescent, setae
and few long iridescent, simple setae. Gastric
region with arow of 9 or 10 epigastric spines.
One parahepatic, 2 branchial anterior, and 1
postcervical spine on each side. Abdominal
tergites with some long iridiscent, simple se-
tae. Second and third tergites with 1 main
continuous transverse stria. First segment of
antennal peduncle with 1 long distal spine on
mesial margin, clearly overreaching antennal
peduncle and reaching end of basal segment
of antennular peduncle (excluding distal
spines); second segment with 2 strong distal
spines, mesial distal spine longer than lateral
spine, overreaching third antennal segment;
penultimate segment unarmed. Merus of third
maxilliped unarmed on extensor margin or
with small distal tooth. Chelipeds with nu-
merous long iridiscent, simple setae. Palm
slightly shorter than fingers. Palm with sev-
eral spines scattered on mesial and dorsal
sides and 1 row of dorsolateral spines, con-
tinuing along proximal half of fixed finger;
movable finger with several spines on first
0.66 of mesial margin. Second pereiopod 2.5
times carapace length; merus as long as cara-
pace, about 7.5 times aslong as high, 3 times
carpus length and about 1.2 propodus length;
propodus about 9 times as long as high and
2.3 times dactylus length. Merus with spines
along dorsal border, increasing in size dis-
tally, ventral margin with few distal spines.
Carpus with some dorsal spines and 1 dis-
toventral spine. Propodus with 4 movable
ventral spines. Dactylus short, with dorsal
margin convex, curving distally, ventral bor-
der indented, with 7 movable spinules along
entire ventral margin. Merocarpal articulation
of third walking leg overreaching frontal mar-
gin of carapace and not reaching level of si-
nus between rostrum and supraocular spines.

Color.—Ground color of carapace and ab-
domen red, with transverse white bands on
striae, base of rostrum and supraocular spines
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white; median and lateral parts of second ab-
dominal segment with white spots. Chelipeds
and walking legs red; distal parts of cheliped
fingers whitish. Walking legs with red and
white bands.

Distribution.—New Caledonia and Chester-
field I1slands, between 330 and 400 m.

Etymol ogy.—From the Latin confundo, con-
fusion.

Raymunida dextralis, new species
Fig. 3
Munida bellior—Macpherson, 1994, p. 450 (in part), fig.
66 (color) [not Raymunida bellior (Miyake and Baba,
1967)].

Material Examined.—L oyalty | slands. Musorstom 6, stn
419, 285 m: 1 ovig. female, 12.3 mm (holotype)
(MNHN-Ga 2578).

Diagnosis.—Carapace with transverse ridges
with dense very short, not iridescent, setae
and some long iridescent, simple setae. Gas-
tric region with a row of 46 pairs of epi-
gastric spines. One parahepatic, 3 branchial
anterior, and 1 postcervical spine on each
side. Abdominal tergites with some long
iridiscent, simple setae. Second and third ter-
giteswith 1 main continuous transverse stria.
First segment of antennal peduncle with 1
long distal spine on mesial margin, clearly
overreaching antennal peduncle and reach-
ing end of basal segment of antennular pe-
duncle (excluding distal spines); second seg-
ment with 2 long distal spines, mesial distal
spine slightly longer than lateral spine, over-
reaching third antennal segment; penultimate
segment unarmed. Merus of third maxilliped
unarmed on extensor margin. Chelipeds with
numerous long iridescent, simple setae. Palm
dlightly shorter than fingers. Palm with sev-
eral spines scattered on mesial and dorsal
sides and 1 row of dorsolateral spines, con-
tinuing along proximal half of fixed finger;
movable finger with several spines on prox-
imal half of mesial margin. Second pereiopod
2.5 times carapace length; merus as long as
carapace, about 7 times as long as high, 3
times carpus length and about 1.2 propodus
length; propodus about 10 times as long as
high and 3 times dactylus length. Merus with
spines along dorsal border, increasing in size
distally, ventral margin with few distal spines.
Carpus with some dorsal spines and one dis-
toventral spine. Propodus with 5 movable
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Fig. 3. Raymunida dextralis, new species. Holotype, Loyalty Islands. Musorstom 6, stn 419, ovigerous female (CL
= 12.3 mm). A, carapace and abdomen, dorsal view; B, sternal plastron; C, ventral view of cephalic region, show-
ing antennular and antennal peduncles; D, right third maxilliped showing ischium, merus and carpus, lateral view;
E, right cheliped showing propodus and chela, dorsal view; F, right first walking leg, lateral view; G, dactylus of
first right walking leg, lateral view (Setae not illustrated).
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ventral spines. Dactylus short, with dorsal
margin convex, curving distally, ventral bor-
der indented, with 6 or 7 movable spinules
along entire ventral margin. Merocarpal ar-
ticulation of third walking leg clearly over-
reaching frontal margin of carapace and
reaching level of sinus between rostrum and
supraocular spines.

Color.—Ground color of carapace and ab-
domen red, with transverse white bands on
striae, base of rostrum and supraocular spines
white; median and lateral parts of second ab-
dominal segment with white spots. Chelipeds
red, fingers with red and white bands. Walk-
ing legs with red and white bands.

Distribution.—Loyalty Islands, 285 m.

Etymology—From the Latin dextrale,
bracelet, in reference to the red and white
bands on the walking legs.

Raymunida elegantissima (de Man, 1902)
Fig. 1 E-H

Munida elegantissima de Man, 1902, p. 726, pl. 24, figs.
42, 42a, b.—Baba, 1988, p. 94.—Macpherson, 1994,
p. 465; 1999, p. 418 (in part).

Munida bellior—Macpherson, 1994, p. 450 (in part);
1996, p. 390 (in part) [not Raymunida bellior (Miyake
and Baba, 1967)].

Material Examined.—M alaysia. “Albatross.” Off north-
eastern Borneo, Sibuko Bay, stn. 5593, 70 m: 1 female,
6.2 mm. Philippines. “Albatross.” Verde Island Passage,
stn. 5179, 68 m: 1 male, 7.2 mm.—Musorstom 1, stn 57,
96-107 m: 1 male, 4.9 mm; 2 ovig. females, 7.2 and 7.3
mm; 1 female, 2.6 mm.—Musorstom 1, stn. 62, 179-194
m: 1 female, 3.7 mm.—Musorstom 2, stn. 8, 85-90 m: 1
male, 8.4 mm; 1 ovig. female, 9.3 mm.—Musorstom 2,
stn. 47, 81-84 m: 1 male, 5.3 mm; 2 ovig. females, 9.0
and 9.8 mm.—Musorstom 3, stn. 117, 92-97 m: 1 male,
4.5 mm; 1 female, 2.9 mm. New Caledonia. Lagon, stn.
640, 50-80 m: 1 ovig. female, 9.3 mm. Chesterfield | s-
lands. Chalcal 1, stn. 2, 80-120 m: 1 male, 5.2 mm. Be-
lona Island. Corail 1, without position: 1 ovig. female,
12.2 mm. Futuna Island. Musorstom 7, stn. 498,
105-160 m: 1 female, 4.8 mm. Vanuatu. Musorstom 8,
stn 966, 128-150 m: 2 males, 7.6 and 8.5 mm; 1 ovig.
female, 10.3 mm; 1 female, 8.9 mm; 1 juvenile, 3.2 mm.
Fiji. Musorstom 10, stn. 1363, 18°12.4'S, 178°33.0'E,
144-150 m: 1 ovig. female, 7.3 mm.

Diagnosis.—Carapace with transverse ridges
with dense, very short, not iridescent, setae
and some long, iridescent, simple setae. Gas-
tric region with row of 5 or 6 pairs of epi-
gastric spines. One parahepatic, 1-3 branchial
anterior, and 1 postcervical spine on each
side. Abdominal tergites with some long, iri-
descent, simple setae. Second and third ter-
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gites with 1 main continuous transverse stria
preceded by 1 secondary continuous or in-
terrupted striae. First segment of antennal pe-
duncle with 1 long distal spine on mesial mar-
gin, slightly overreaching antennal peduncle
and not reaching end of basal segment of an-
tennular peduncle (excluding distal spines);
second segment with 2 long distal spines,
mesial distal spine slightly longer than lateral
spine, overreaching third antennal segment;
penultimate segment unarmed. Merus of third
maxilliped with distal spine on extensor mar-
gin. Chelipeds with numerous long iridiscent,
simple setae. Palm half as long as fingers.
Palm with several spines scattered on mesial
and dorsal sides and 1 row of dorsolateral
spines, continuing along fixed finger; mov-
able finger with several spines on proximal
half of mesial margin. Second pereiopod 2.5
times carapace length; merus aslong as cara-
pace, about 6.5 times aslong as high, 4 times
carpus length and about 1.4 times propodus
length; propodus about 10 times as long as
high and 2.4 times dactylus length. Merus
with spines along dorsal border, increasing in
size distally, ventral margin with few distal
spines. Carpus with some dorsal spines and
1 distoventral spine. Propodus with 5-7 mov-
able ventral spines. Dactylus short, with dor-
sal margin convex, curving distally, ventral
border indented, with 6 or 7 movable spinules
along entire ventral margin. Merocarpal ar-
ticulation of third walking leg nearly reach-
ing level of frontal margin of carapace.

Color.—Ground color of carapace and ab-
domen red, with transverse white bands on
main striae, base of rostrum and supraocular
spines red. Chelipeds and walking legs red,
without colored bands and with some small
whitish spots; distal part of cheliped fingers
whitish.

Distribution.—Philippines, Malaysia (type lo-
cality), New Caledonia, Chesterfield Islands,
Belona Island, Futuna Island, Vanuatu, and
Fiji, between 50 and 160 m.

Raymunida erythrina, new species
Fig. 4

Munida bellior—Macpherson, 1996, p. 390 (in part), fig.
12 (color) [not Munida bellior (Miyake and Baba,
1967)].

Munida elegantissima.—Macpherson, 1999, p. 418 (in
part) [not Munida elegantissima de Man, 1902].
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A, B,E,F

2 mm
CD,G

1mm

Fig. 4. Raymunida erythrina, new species. Holotype, Futuna Island. Musorstom 7, stn. 515, female (CL = 9.0 mm).
A, carapace and abdomen, dorsal view; B, sternal plastron; C, ventral view of cephalic region, showing antennular
and antennal peduncles; D, left third maxilliped showing ischium, merus, and carpus, lateral view; E, right cheliped
showing propodus and chela, dorsal view; F, left first walking leg, lateral view; G, dactylus of first left walking leg,
lateral view (Setae not illustrated).
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Material Examined.—Futuna |sland. Musorstom 7, stn.
515, 224-252 m: 1 female, 9.0 mm (holotype) (MNHN-
Ga3657). Vanuatu. Musorstom 8, stn. 1077: 180-210 m:
1 ovig. femae, 9.3 mm.

Diagnosis.—Carapace with transverse ridges
with very short, not iridescent setae, and few
long iridescent, simple setae. Gastric region
with row of 4 or 5 pairs of epigastric spines.
One parahepatic, 3 branchia anterior, and 1
postcervical spine on each side. Abdominal
tergites with some long iridescent, simple se-
tae. Second and third tergites with 1 main
continuous transverse stria, preceded by 1
secondary interrupted or continuous stria.
First segment of antennal peduncle with 1
long distal spine on mesial margin, exceed-
ing antennal peduncle and not reaching end
of basal segment of antennular peduncle (ex-
cluding distal spines); second segment with 2
distal spines, mesial distal spine slightly
longer than lateral spine, not overreaching an-
tennal peduncle; penultimate segment un-
armed. Merus of third maxilliped unarmed on
extensor margin. Chelipeds with long simple
setae, more abundant on mesial and lateral
borders. Palm 0.75 fingers length. Palm with
several spines scattered on mesial and dorsal
sides and 1 row of dorsolateral spines, con-
tinuing along proximal 0.66 of fixed finger;
movable finger with 2 spines on proximal part
of mesial margin. Second pereiopod 2.6 times
carapace length; merus longer than carapace,
about 7.5 times as long as high, 4 times car-
pus length and about 1.4 times propodus
length; propodus about 10 times as long as
high and 3 times dactylus length. Merus with
spines along dorsal border, increasing in size
distally, ventral margin with few distal spines.
Carpus with some dorsal spines and 1 dis-
toventral spine. Propodus with 4 or 5 mov-
able ventral spines. Dactylus short, with dor-
sal margin slightly convex, curving distally,
ventral border with 5 or 6 movable spinules
along entire margin. Merocarpal articulation
of third walking leg clearly overreaching
frontal margin of carapace and sinus between
rostrum and supraocular spines.

Color.—Ground color of carapace and ab-
domen reddish. Some small white spots scat-
tered on dorsal surface of carapace and ab-
dominal segments. Rostrum and supraocular
spines reddish. Chelipeds and walking legs
reddish, with small scattered white spots.
Mesial and lateral border of palm and fingers
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whitish, white spots more numerous on dis-
tal portion of fingers.

Distribution.—Vanuatu, Futuna Island, be-
tween 180 and 252 m.

Etymol ogy.—From the Greek erythros, red, in
reference to the ground color of the carapace
and abdomen.

Raymunida insulata, new species
Fig. 5
Material Examined.—Seychelles | slands. Cepros cruise,

23.10.1987, 04°46.5'S, 56°38.4'E, 200 m: 1 female, 16.5
mm (holotype) (MNHN—-Ga 4377).

Diagnosis.—Carapace with transverse ridges
with some very short, not iridescent, setae,
without long, iridescent, simple setae. Ros-
trum and supraocular spines probably re-
generating. Gastric region with row of 4 pairs
of epigastric spines. One parahepatic, 3
branchial anterior, and 1 postcervical spine on
each side. Abdominal tergites with some long,
iridescent, simple setae. Second and third ter-
giteswith 1 main continuous transverse stria.
First segment of antennal peduncle with 1
long distal spine on mesial margin, exceed-
ing antennal peduncle and reaching end of
basal segment of antennular peduncle (ex-
cluding distal spines); second segment with 2
distal spines, mesial distal spine slightly
longer than lateral spine, reaching end of an-
tennal peduncle; penultimate segment un-
armed. Merus of third maxilliped unarmed on
extensor margin. Chelipeds with long simple
setae, more numerous on mesial and lateral
borders of articles. Palm 0.66 fingers length.
Palm with several spines scattered on mesial
and dorsal sides and 1 row of strong dorso-
lateral spines, continuing along fixed finger;
movabl e finger with spines on proximal 0.66
of mesial margin. Second pereiopod 2.2 times
carapace length; merus shorter than carapace,
about 7 times as long as high, 2 times carpus
length and about 1.4 times propodus length;
propodus about 8 times as long as high and
2 times dactylus length. Merus with spines
along dorsal border, increasing in size dis-
tally, ventral margin with 2 distal spines. Car-
pus with 3 dorsal spines and 1 distoventral
spine. Propodus with 5 movable ventral
spines. Dactylus short, with dorsal margin
dlightly convex, curving distally, ventral bor-
der with 9 movable spinules along entire mar-
gin. Merocarpal articulation of third walking
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Fig. 5. Raymunida insulata, new species. Holotype, Seychelles Islands. Cepros cruise, female (CL = 16.5 mm). A,
carapace and abdomen, dorsal view; B, sternal plastron; C, ventral view of cephalic region, showing antennular and
antennal peduncles; D, left third maxilliped showing ischium, merus, and carpus, lateral view; E, right cheliped
showing propodus and chela, dorsal view; F, right first walking leg, lateral view; G, dactylus of first right walking

leg, lateral view (Setae not illustrated).
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leg slightly overreaching frontal margin of
carapace and not reaching sinus between ros-
trum and supraocular spines.

Color.—Unknown.
Distribution.—Seychelles Islands, 200 m.

Etymology.—From the Latin insula, island, in
reference to the type locality.

General Remarks

Including the descriptions given above, the
genus Raymunida contains seven species. R.
bellior, R. cagnetei, R. confundens, R. dex-
tralis, R. elegantissima, R. erythrina, and R.
insulata. These species can be distinguished
by several constant morphological characters.
The most useful characters are: the length of
the mesial spine of the first segment of the
antennal peduncle, the presence/absence of
one distal spine on the extensor border of the
merus of the third maxilliped, the spinula-
tion and setal type of the chelipeds, the length
of the walking legs, and the number of striae
on the second and third abdominal segments.
Furthermore, the color pattern can be very
useful as a specific character.

The length of the mesial spine of the first
segment of the antennal peduncle divided the
species in two groups. Four species (R. bel-
lior, R. confundens, R. dextralis, and R. in-
sulata) are distinguishable by the long mesial
spine of the first antennal segment, reaching
or overreaching the end of the basal segment
of the antennular peduncle (excluding the dis-
tal spines), whereas this spine never reaches
the end of the basal segment of the antennu-
lar peduncle in the second group (R. cagnetei,
R. elegantissima, and R. erythrina).

Among the species of the first group, R.
bellior is distinguished from R. confundens,
R. dextralis, and R. insulata by the presence
of numerous plumose setae on the chelipeds,
and the carapace lacks long setae dorsally,
whereas in the other three species the che-
liped setae are simple and the carapace has
long setae dorsally. Raymunida insulata can
be distinguished from R. confundens and R.
dextralis by the following characters: the
palms of the chelipeds each have a row of
strong dorsolateral spines, continuing along
the whole length of the fixed finger in R. in-
sulata, whereas the spines on the fixed fin-
ger are not strong and never overreach the

707

proximal half of the lateral margin of the
fixed finger in the other two species. Raymu-
nida confundens and R. dextralis are distin-
guishable by the length of the walking legs:
the merocarpal articulation of the third walk-
ing leg does not reach the sinus between the
rostrum and the supraocular spinesin R. con-
fundens, whereas this articul ation overreaches
the sinus in R. dextralis. The color patterns
are also different as follows: In R. bellior the
ground color of the carapace and abdomen
is reddish brown, the carapace has a broad
V-shaped band of reddish brown on the pos-
terior half, and the walking legs have reddish
brown bands. In R. dextralis the ground color
of the carapace and abdomen is red, with
transverse white bands on the striag; the base
of the rostrum and supraocular spines are
white, and the cheliped fingers and walking
legs have red and white bands. The color pat-
tern in R. confundens is quite similar to that
of R. dextralis; however, the cheliped fingers
and walking legs have no white bands. The
color pattern in R. insulata is unknown.
The second group of species (R. cagnetel,
R. elegantissima, and R. erythrina) also dif-
fer in several constant characters. Raymunida
erythrina has the merus of the third maxil-
liped unarmed on the extensor margin, and
the merocarpal articulation of the third walk-
ing leg clearly overreaches the frontal margin
of the carapace. In the other two species the
merus of the third maxilliped has a distal
spine on the extensor margin, and the mero-
carpal articulation of the third walking leg
does not reach the frontal margin of the cara-
pace. Raymunida elegantissima and R.
cagnetei can be distinguished by the follow-
ing characters. The merocarpal articulation of
the third walking leg overreaches the level
of the first branchial spine of the carapace,
and the second abdominal segment has a sec-
ondary striain R. elegantissima; whereas in
R. cagnetel the merocarpal articulation of the
third walking leg only reaches the level of the
first branchial spine of the carapace, and the
second abdominal segment is occasionally
preceded by 2 small median scales. Further-
more, the color pattern of R. cagnetei is dif-
ferent to that of R. elegantissima and R. eryth-
rina, having wide white vertical bands along
each branchial margin of the carapace and
white bands on each lateral margin of the first
to third abdominal somites. These vertical
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white bands are absent in the other two
species. Raymunida elegantissima and R.
erythrina have similar color patterns, al-
though the transverse white bands on the
striae of the carapace and abdominal somites
are more conspicuous in R. elegantissima
than in R. erythrina.

Raymunida elegantissima has also been
cited in other localities of the Indian Ocean:
Zanzibar and the Gulf of Mannar (as Munida
alcocki Southwell, 1906) (see Baba, 1988).
The specimen from Zanzibar belongs to the
second group of species mentioned above (the
mesial spine of the basal antennal segment
does not reach the end of the basal segment
of the antennular peduncle, and the merus of
the third maxilliped has a distal spine on the
extensor margin), and it is different from R.
insulata from the Seychelles. Nevertheless,
the specimen is damaged, and clear identifi-
cation isimpossible. The specimens from the
Gulf of Mannar were not studied. It would
be interesting to collect additional material
from the Indian Ocean, in order to improve
our knowledge on the taxonomic status of the
genus Raymunida in this area.

Key to Species of the Genus Raymunida

1. Mesial spine of first antennal segment reaching or
overreaching end of basal segment of antennular
peduncle (excluding distal spines) ............ 2

— Mesial spine of first antennal segment not reaching
end of basal segment of antennular peduncle (ex-
cluding distal spines) .. ................... 5

2. Chelipeds with numerous plumose setae. Carapace
lacking long setae dorsally . .......... R. bellior

— Chelipeds with numerous simple setae. Carapace
with some long setae dorsally . . ............. 3

3. Palm of chelipeds with row of strong dorsolateral
spines, continuing along whole length of fixed fin-
OEF o R. insulata

— Palm of chelipeds with row of small dorsolateral
spines, continuing along proximal half of fixed fin-

4. Merocarpa articulation of third walking leg not
reaching sinus between rostrum and supraocular
SPINES. . oot R. confundens

— Merocarpal articulation of third walking leg over-
reaching sinus between rostrum and supraocular
SPINES. « v vt R. dextralis

5. Merus of third maxilliped unarmed on extensor mar-
gin. Merocarpal articulation of third walking leg
clearly overreaching frontal margin of carapace
............................. R. erythrina

— Merus of third maxilliped with distal spine on ex-
tensor margin. Merocarpal articulation of third
walking leg not reaching frontal margin of carapace

6. Merocarpal articulation of third walking leg over-
reaching level of first branchial spine of carapace.

JOURNAL OF CRUSTACEAN BIOLOGY, VOL. 21, NO. 3, 2001

Second abdominal segment has one secondary
stria .. R. elegantissima
— Merocarpa articulation of third walking leg reach-
ing level of first branchial spine of carapace. Sec-
ond abdominal segment without secondary stria
............................. R. cagnetei

Genetic Data

Among the 21 specimens sequenced, 16
haplotypes were distinguished. The globally
empirical nucleotide composition was A =
27.75%, C = 18.03%, G = 17.55% and T =
36.67%. There was a significant bias (P <
0.001) in the nucleotide composition in the
third codon positions (A = 42.47%, C =
9.28%, G = 3.20%, T = 45.05%) as usual for
crustacean species (Hillis et al., 1996; Bald-
win et al., 1998; Sarver et al., 1998 and ref-
erences therein). The alignment of 657 nu-
cleotides sequenced did not provide any gap
among the ingroup, nor with respect to the
outgroup. Among the 212 informative sites,
the third position was the most informative
(78.3%), followed by the first (19.34%). The
transition/transversion ratio, evaluated by ML
on the parsimony analysis, ts/tv = 2.16, y =
1.71, and the proportion of invariable sites
was 0.59. All these characteristics indicate
that these were mitochondrial sequences
rather than nuclear pseudogenes (Zhang and
Hewitt, 1996).

The intraspecific divergences averaged p =
0.24%, and the interspecific (including only
Raymunida) p = 10.95% (with a minimum of
7.6% between R. elegantissma and R.
cagnetei, and a maximum of 13.2% between
R. confundens and R. elegantissima). Inter-
specific distance between the two Munida
species analysed was p = 6.1%. The diver-
gences among Raymunida and the outgroup
(Platyeriocheir formosa) or Agononida were
p = 17.88% and 17.73%, respectively. The
mean divergence among Raymunida and
Munida species was slightly smaller (p =
16.89%) (Table 2). No saturation was found
in our markers in any position (Fig. 6).

The three methods of phylogenetic recon-
struction recovered the same topology. The
monophyly of the genus Raymunida was fully
supported, with high bootstraps (99 or 100)
(Fig. 7). Within Raymunida, both ML and NJ
methods showed a basal cluster constituted
by three species: R. insulata, R. dextralis, and
R. confundens, the last two forming a sister
group. Nevertheless, the MPtree did not clar-
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Fig. 6. Relationship between uncorrected mean divergence (p) between pairs of taxa and the number of transitional
(ts) and transversional (tv) changes at different codon positions.

ify the relationships between these three
species (athough R. confundens and R. dex-
tralis aways constituted a sister group) and the
other branch, which grouped the remaining
three species (R. elegantissima, R. cagnetel,
and R. erythrina). The phylogenetic relation-
ships of these last three species were supported
by the three methods: R. erythrina showed a
basal position, and R. elegantissima and R.
cagnetei were clustered as a sister group. The
specimens of the two Munida species analysed
were always clustered as a sister group of
Agononida. Nevertheless, neither Kishino-
Hasegawa nor Wilcoxon signed-rank tests re-
vealed significant differences (P between 0.20
and 0.38) between the parsimony trees ob-
tained by comparing the two hypotheses: that
Munida is the sister group of Agononida (as
in the tree presented) or that Munida could be
the sister group of Raymunida. The trees ob-
tained for this last hypothesis were longer
than those presented here (523 steps instead
of 517), but not significantly worse.

DiscussioN

The species of Raymunida can be identi-
fied by subtle morphological characters and

are corroborated by mitochondrial sequences
data. Thus, the sequence divergences confirm
the specific value of some morphological
characters (e.g., length of the mesial spine
on the basal antennal segment, length of the
walking legs). Furthermore, they confirm the
importance of color patterns as diagnostic
characters, as pointed out for other species
of decapods differing little in morphology
(Knowlton, 1993; Chan and Chu, 1996;
Sarver et al., 1998).

The use of molecular information in
species that are difficult to distinguish mor-
phologically may aid taxonomic studies
(Avise, 1994) and the analysis of population
subdivisions (Tam et al., 1996; Chu et al.,
1999). Furthermore, nucleotide sequence di-
vergences can identify characters that can re-
flect the phylogenetic history (Avise, 1994;
Patterson et al., 1993). The two main groups
of species based on COI sequences (Raymu-
nida elegantissima—R. cagnetei-R. erythrina
and R. confundens-R. dextralis-R. insulata)
are differentiated by the length of the mesial
spine on the basal antennal segment. Other
morphological characters (e.g., merus of the
third maxilliped unarmed vs. armed on the
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extensor margin, length of the walking legs)
can aso have an additional phylogenetic
value. Following the sequence analysis, three
different divergence ranges could stand out.
A divergence of 0.2% was found among the
R. elegantissima specimens analysed, inhab-
iting localities separated geographically by
thousands of kilometers. This divergence was
10 times greater (2.1%) between two speci-
mens of R. confundens from New Caledonia
and Chesterfield, and finally, about 12% mean
divergence differentiated R. elegantissima
from R. confundens and R. erythrina, species
clearly distinguishable by morphological
characters. These divergence ranges are sim-
ilar to those found for other studies on de-
capods at the same taxonomic levels (e.g.,
Palumbi and Benzie, 1991; Sarver et al.,
1998; Harrison and Crespi, 1999; Chu et al.,
1999). However, they are difficult to explain
considering that these three species can be
found in sympatry, although the first prefers
shallower waters, if they shared a common
biogeographical history. Although the biology
of these species is practically unknown, it
would be interesting to examine whether the
mechanisms of larval dispersion or their
physiology can explain such distributional
patterns and degree of differentiation, as ob-
served in other decapods (Knowlton and
Weigt, 1998).

Previous data showed an important con-
servation in morphological or alozymic char-
acters for Decapoda. In some cases, the mor-
phological description could be posterior to
the genetic characterization (Sarver and Foltz,
1993). For Penaeus species, in which genetic
diversity based on electrophoretic analysis of
allozymes is low, the divergence is between
8% and 24% for the partial sequences of COI
(Baldwin et al., 1998) or 11% for 16S (Gar-
ciaMachado et al., 1993). We found high di-
vergences between the species of Raymunida
analysed, which were consistent with the
morphological diagnostic characters. Never-
theless, in the translation of our sequences,
only one amino acid changed in one popula-
tion, within the ingroup. The COI is consid-
ered one of the most conservative genes in
the mitochondrial genome with respect to the
amino acid substitutions (Black et al., 1997).
Palumbi and Benzie (1991), working on pe-
naeid shrimp, suggested two possible expla-
nations for the incongruence found between
morphology and molecular markers: either
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the mitochondrial DNA has afaster evolution
rate in shrimp, or the rate of morphological
divergence might be slow, possibly dueto sta-
bilizing selection on morphological or eco-
logical characters. According to our results,
this stabilizing selection may also act on pro-
teins. The close relationships between the
species studied here and some biogeographic
conditions, as could happen in other De-
capoda (Knowlton, 1993), could explain this
morphological and alozymic stabilizing se-
lection, while the phylogenetic relationships
can be followed by the silent substitutions oc-
curring in the DNA.

With the present data, the three methods
employed for phylogenetic reconstruction
agreed on the proposed monophyly of Ray-
munida and its differentiation with respect to
Munida (in which Raymunida species were
previously included) and Agononida. Only the
clustering of R. insulata (the only species
analysed from the Indian Ocean) differed in
the trees obtained, because the MP could not
resolve its position with high confidence. This
“lessrobust” condition of the MP analysiswas
found also by Baldwin et al. (1998) in their
Penaeus study, and it was attributed to the
sensitivity of this method to the rate variation
(Nei, 1987). Nevertheless, the Decay Index also
indicated that the possible dichotomy grouping
R. insulata with R. dextralig/R. confundenswas
not strongly supported by our data.

The importance of morphology versus mol-
ecular data to resolve the phylogeny of a
group is still a source of controversy (e.g.,
Avise, 1994). Although additional works, in-
cluding more specimens and species of re-
lated genera, are necessary, the results found
in the present study illustrate a case where the
taxonomic key based on morphological char-
acters and the molecular tree are congruent
and emphasi ze the importance of subtle char-
acters (e.g., length of the mesial spine on the
basal antennal segment, length of the walk-
ing legs, merus of the third maxilliped un-
armed/armed) in the knowledge of the evo-
[ution of these species.
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