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A review of the Chaenostoma boscii species-complex (Decapoda: 
Brachyura: Macrophthalmidae) from the Indo-West Pacific

Shao-Jyun Teng, Hsi-Te Shih, Reza Naderloo, Laure Corbari

Abstract.̶ The sentinel crabs, Chaenostoma orientale Stimpson, 1858, and C. cr-
assimanus Stimpson, 1858, were both described from the Ryukyu Islands, Japan, and 
have both been long considered junior synonyms of C. boscii (Audouin, 1826). After 
examining specimens of the C. boscii species-complex from East Africa, the Malay 
Peninsula, Indonesia, New Caledonia, Papua New Guinea, the Philippines, Taiwan, 
and the Ryukyus, we now consider both C. crassimanus and C. orientale to be valid 
species, and C. lisae (Poupin & Bouchard, 2010) is found to be a synonym of C. cr-
assimanus, based on the morphology of the carapace, male cheliped and male first 
gonopod, supported by molecular evidence from mitochondrial cytochrome oxidase 
subunit I (COI) sequences. Both C. orientale and C. crassimanus are found sympatri-
cally in Taiwan (including Penghu), and possibly in the Ryukyus and New Caledonia. 
While C. boscii is endemic to the Red Sea, the distribution of C. sinuspersici is limit-
ed to the western Indian Ocean (East Africa and the Persian Gulf).

Key words: Chaenostoma orientale, C. crassimanus, C. lisae, C. boscii, C. sinuspersici, morphology, 
taxonomy, cytochrome oxidase subunit I

■ Introduction

Chaenostoma Stimpson, 1858, is a genus of 
small-sized (carapace width below 15 mm) 
macrophthalmid crabs that inhabit tropical and 
subtropical rocky shores (Litulo, 2005; Davie, 
2012). This genus for many years was consid-
ered to include only two species, C. boscii 
(Audouin, 1826) and C. punctulatus (Miers, 
1884), but in recent years three new species 
have been added, viz., C. lisae (Poupin & 
Bouchard, 2010), C. sinuspersici (Naderloo & 
Türkay, 2011), and C. java Naderloo, 2013. 
Most recently, Shih et al. (2015), using mor-
phological characters, reinstated two species 
previously considered junior synonyms of C. 
boscii, C. orientale Stimpson, 1858 and C. cr-
assimanus Stimpson, 1858, and further sug-
gested that C. lisae may be a synonym of C. 
crassimanus. As a result, the Chaenostoma 

boscii species-complex, used by Ng et al. 
(2008) and Naderloo & Türkay (2011) for the 
taxonomic complexity of this group previously 
identified as C. boscii, includes C. boscii, C. 
crassimanus, C. java, C. lisae, C. orientale and 
C. sinuspersici.

Chaenostoma was originally established for 
C. orientale Stimpson, 1858, and C. crassima-
nus Stimpson, 1858, both from “Loo Choo” (＝
Ryukyu Islands or the Ryukyus) (Stimpson, 
1858, 1907). Stimpson (1907) also considered 
Dana’s (1852) record of “Cleistostoma boscii” 
from Fiji as C. orientale, while Macrophthal-
mus boscii Audouin, 1826 was treated within 
another genus Euplax H. Milne Edwards, 1852. 
Several authors (Milne-Edwards, 1873; Ort-
mann, 1894; Stebbing, 1910; Tesch, 1918) sug-
gested that any morphological differences be-
tween C. orientale, C. crassimanus and Euplax 
boscii could simply be attributed to intraspecif-
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ic variation, and thus that all three species were 
synonymous. Thus, it followed that Stimpson’s 
Chaenostoma had to be treated as a synonym 
of Euplax. Kemp (1919) stated he could find 
no clear difference between Euplax and 
Macrophthalmus sensu lato, and assigned E. 
boscii into Macrophthalmus, and this was fol-
lowed by later authors until recently. Barnes 
(1967), as a part of his broader review studies 
of the genus, erected a subgenus Macrophthal-
mus (Mopsocarcinus) to include C. boscii and 
C. punctulatus. Later Chaenostoma was rein-
stated to replace Mopsocarcinus, because the 
latter is considered as a subjective junior syn-
onym (Ng et al., 2001, 2008; Mendoza & Ng, 
2007; Barnes, 2010). Recently, Davie (2012) 
revised the Australian macrophthalmids and 
treated Chaenostoma as a full genus. Euplax 
was later synonymized under Macrophthalmus 
(Venitus) Barnes, 1967, by Barnes (1977), but 
is also now regarded as a good subgenus by 
Mendoza & Ng (2007), or indeed possibly a 
good genus (see Kitaura et al., 2010; McLay et 
al., 2010). Nevertheless, its type species Eu-
plax leptophthalmus H. Milne Edwards, 1852, 
is clearly generically unrelated to the species of 
Chaenostoma treated here.

Chaenostoma boscii has long been consid-
ered to be widely distributed in the Indo-West 
Pacific (see Ng et al., 2008), however a recent 
study has shown that C. boscii is limited to its 
type locality, the Red Sea (Naderloo & Türkay, 
2011). Naderloo & Türkay (2011) initially con-
sidered their new species C. sinuspersici (type 
locality: the Persian Gulf) to be widespread 
throughout the Indo-West Pacific, but Rahayu 
& Nugroho (2012) suggested the specimens 
from the West Pacific needed to be re-exam-
ined and their status reassessed. Two additional 
species within this complex have now been de-
scribed, viz. C. lisae (type locality: Mayotte), 
and C. java (type locality: Java).

Recently, the authors examined a series of 
specimens of this species-complex from nu-
merous localities across the Indo-West Pacific, 

including the Red Sea, East Africa, the Malay 
Peninsula, Indonesia, New Caledonia, Papua 
New Guinea, the Philippines, Taiwan, and the 
Ryukyus. Among them, two species agreed 
with the description of C. orientale and C. cr-
assimanus, and therefore these species are here 
again recognized as distinct species (Stimpson, 
1858, 1907; Shih et al., 2015). In addition, 
specimens of C. boscii, C. sinuspersici and C. 
lisae were also examined and this has enabled 
us for the first time to compare the morphology 
of all these nominal species, and to consider 
further molecular evidence from mitochondrial 
cytochrome oxidase subunit I (COI) sequences.

■Materials and Methods

Specimens examined were from the Red Sea 
(Egypt and Saudi Arabia), East Africa (Mada-
gascar, Mayotte, Kenya and Djibouti), Malay 
Peninsula (Tioman), Indonesia (Bali), New 
Caledonia, Papua New Guinea, the Philippines 
(Bohol), Taiwan (including Penghu), and the 
Ryukyus. These specimens are deposited in the 
following institutions: Zoological Collections 
of the Department of Life Science, National 
Chung Hsing University, Taichung, Taiwan 
(NCHUZOOL); Institute of Zoology, Aca-
demia Sinica, Taipei, Taiwan (ASIZ); Coastal 
Ecology laboratory, Biodiversity Research 
Center, Academia Sinica, Taipei, Taiwan 
(CEL); Museum National d’Histoire Naturelle, 
Paris, France (MNHN); National Museum of 
Marine Biology and Aquarium (NMMB); De-
partment of Environmental Biology and Fish-
eries Science, National Taiwan Ocean Univer-
sity, Keelung, Taiwan (NTOU); Senckenberg 
Museum, Frankfurt am Main, Germany (SMF), 
and Lee Kong Chian Natural History Museum 
(formerly Raffles Museum of Biodiversity Re-
search), National University of Singapore, Sin-
gapore (ZRC) (Table 1; Appendix 1). Speci-
mens were illustrated with the help of a 
drawing tube attached to a stereomicroscope. 
G1 is an abbreviation for the male first gono-
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pod. Measurements, in millimeters (mm), are 
of the carapace width (CW).

Except Chaenostoma java, specimens of oth-
er species of the C. boscii species-complex 
were used in molecular study (Table 1). Ge-
nomic DNA was isolated from the muscle tis-
sue of legs by using the GeneMark tissue and 
cell genomic DNA purification kit (Taichung, 
Taiwan). A portion of the COI gene was ampli-
fied with PCR using the primers LCO1490 (5′-  
GGT  CAA  CAA  ATC  ATA  AAG  ATA  TTG  G-3′), 
HCO2198 (5′-TAA  ACT  TCA  GGG  TGA  CCA  AAA   
AAT  CA-3′) (Folmer et al., 1994), and COH6 (5′- 
TAD  ACT  TCD  GGR  TGD  CCA  AAR  AAY  CA-3′) 

(Schubart & Huber, 2006). The PCR conditions 
for the above primers were denaturation for 50 
s at 94°C, annealing for 70 s at 45–47°C, and 
extension for 60 s at 72°C (40 cycles), fol-
lowed by extension for 10 min at 72°C. 
Sequences were obtained by automated se-
quencing (Applied Biosystems 3730) and were 
aligned manually, after verification with the 
complementary strand. Macrophthalmus 
banzai Wada & Sakai, 1989 and M. purpureo-
cheir Teng & Shih, 2015 were used as out-
groups. Sequences of the different haplotypes 
were deposited in the DNA Data Bank of Japan 
(DDBJ), and the accession numbers are given 

Table 1. The haplotypes of COI gene of the Chaenostoma boscii species-complex from the Indo-West Pacific, and the outgroups, 
used in this study. Abbreviations of museums or universities see Materials and Methods.

Species Locality Catalogue no. Haplotype  
of COI

Access. no.  
of COI

C. crassimanus Ryukyus, Japan: Okinawa CEL-Oki-124 Cc1 LC155114
Taiwan: Siaoliuciou, Pingtung NCHUZOOL 13958 Cc1 LC155114
Taiwan: Houwan, Pingtung NCHUZOOL 13959 Cc4 LC155115
Taiwan: Yingueibi, Pingtung NCHUZOOL 13960 Cc1 LC155114
Taiwan: Daguang, Pingtung NCHUZOOL 13965 Cc2 LC155116
Taiwan: Daguang, Pingtung NCHUZOOL 13966 Cc1 LC155114
Taiwan: Mudan, Pingtung NCHUZOOL 13967 Cc1 LC155114
Taiwan: Mudan, Pingtung NCHUZOOL 13968 Cc3 LC155117
Taiwan: Lyudao, Taitung NTOU 20100528b Cc1 LC155114
Taiwan: Fengguei, Penghu NCHUZOOL 13972 Cc1 LC155114
Taiwan: Fengguei, Penghu NCHUZOOL 13972 Cc5 LC155118
Taiwan: Wang-an, Penghu NTOU 19900903 Cc6 LC155119
New Caledonia: Noumea MNHN-IU-2013-9292 Cc1 LC155114
New Caledonia MNHN-IU-2009-2591 Cc5 LC155118
Mayotte (id. as C. lisae) MNHN-IU-2009-993 Cc7 LC155120
Mayotte (id. as C. lisae) MNHN-IU-2009-993 Cc8 LC155121

C. orientale Taiwan: Mao-ao, New Taipei City NTOU 20070208 Co1 LC155122
Taiwan: Hemei, New Taipei City NTOU 20070421 Co2 LC155123
Taiwan: Daguan, Pingtung NCHUZOOL 13973 Co3 LC155124
Taiwan: Fengguei, Penghu NCHUZOOL 13975 Co4 LC155125
Taiwan: Siyu, Penghu NCHUZOOL 13982 Co5 LC097137
Taiwan: Siyu, Penghu NCHUZOOL 13980 Co6 LC155126
Malaysia: Para Beach, Tioman NCHUZOOL 13986 Co2 LC155123
Indonesia: Nusa Dua, Bali NCHUZOOL 13987 Co3 LC155124
New Caledonia: Noumea MNHN-IU-2013-9291 Co7 LC155127

C. sinuspersici Iran: Gulf of Oman NCHUZOOL 13988 Cs1 LC155128
Mayotte MNHN-IU-2009-992 Cs2 LC155129

C. boscii Saudi Arabia: Farasan Islands NCHUZOOL 13989 Cb1 LC155130
outgroups

Macrophthalmus banzai Taiwan: Fangyuan, Changhua NCHUZOOL 14807 LC155131
Macrophthalmus purpureocheir Taiwan: Kenting, Pingtung NMMB CDA890 LC097132
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in Table 1. Maximum likelihood (ML) analysis 
was conducted in RAxML (v. 7.2.6, Stamata-
kis, 2006), with the model GTR＋G (i.e. 
GTRGAMMA) and 100 runs, and found the 
best ML tree by comparing the likelihood 
scores. The robustness of the ML tree was 
evaluated by 1000 bootstrap pseudoreplicates 
under the model GTRGAMMA. The Kimura 
(1980) 2-parameter distance (K2P distance) be-
tween haplotypes was calculated by the soft-
ware MEGA 5 (Tamura et al., 2011).

■ Results

Morphological comparison
The five species of the Chaenostoma boscii 

species-complex can be distinguished by a 
suite of morphological characters (Table 2; Fig. 
1). The most reliable features include the direc-
tion of the first anterolateral tooth (＝external 
orbital tooth), the depth and shape of the inci-
sion between the anterolateral teeth, the shape 

of the dactylar tooth of the cheliped and pres-
ence and extent of a setal patch in the cheliped 
gape, and the shape of the G1 (Table 2).

The specimens from Mayotte and Madagas-
car deposited in MNHN and identified as C. 
lisae (Table 1; Appendix 1) were also compared, 
but no significant morphological difference 
could be found to separate C. lisae from C. cr-
assimanus (Table 2; Fig. 1). The morphology 
of C. crassimanus is very different from other 
members of the species-complex, especially by 
the shape of the chelipeds, and the position and 
shape of large tooth on the dactylus of the male 
cheliped (see Table 2; Fig. 1).

Chaenostoma orientale, C. boscii and C. si-
nuspersici are similar in their slender chela 
morphology (palm length to fixed finger ratio 
of 1.5–2.0), but can be distinguished by the po-
sition and shape of the first and second antero-
lateral teeth, and their G1 morphology (Table 2; 
Fig. 1).

Fig. 1. a–c: Chaenostoma boscii (Audouin, 1826), ♂ (NCHUZOOL 13989), CW 8.8 mm. d–g: C. sinuspersici (Naderloo & 
Türkay, 2011), d, f, g: ♂ (NCHUZOOL 13988), CW 7.5 mm; e: after Naderloo & Türkay (2011). h–k: C. orientale Stimpson, 1858, 
♂ (NCHUZOOL 13981), 12.3 mm. l–n: C. crassimanus Stimpson, 1858, ♂ (NCHUZOOL 13968), CW 8.0 mm. o–q: “C. lisae” 
(＝C. crassimanus), ♂ (MNHN-IU-2009-2591), CW 6.1 mm. r–t: C. java Naderloo, 2013, after Naderloo (2013). a, d, h, l, o, r: 
carapace; b, e, i, s: right cheliped; m, p: left cheliped; c, f, j, n, q, t: ventral view of G1; g, k: mesial view of G1. Scale bars＝2 mm (a, 
b, d, h, i, l, m, o, p) and 0.5 mm (c, f, g, j, k, n, q).
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DNA analyses
A 658-bp segment of COI from 17 specimens 

of C. crassimanus (including specimens identi-
fied as “C. lisae”), 11 specimens of C. orien-
tale, 2 specimens of C. sinuspersici and 1 spec-
imen of C. boscii was amplified, resulting in 8, 
7, 2 and 1 different haplotypes, respectively 
(Table 1). According to the phylogenetic tree 
constructed by COI (Fig. 2), the haplotypes of 
C. orientale, C. sinuspersici and C. boscii form 

a clade, and the haplotypes of C. crassimanus 
form another clade, but the support value for 
the relationship between the two clades is weak 
(66%). The nucleotide divergences with the 
K2P distance within and between species are 
shown in Table 3. With regard to C. crassima-
nus, although the intraspecific nucleotide di-
vergence is relatively large (≤0.92%), there are 
no natural subgroupings (Fig. 2) that might 
suggest more than one species, and otherwise, 

Table 2.　Morphological comparison among five species of the Chaenostoma boscii species-complex.

C. boscii C. sinuspersici C. orientale C. crassimanus C. java

carapace 1st anterolateral 
tooth

protruding 
anteriorly

protruding 
anteriorly

protruding 
anteriorly

protruding 
laterally

protruding 
anteriorly

incision between 
1st and 2nd 
teeth

deep deep deep shallow shallow

extent of lateral 
protrusion of 
anterolateral 
teeth

1st tooth 
extending 
far beyond 
2nd tooth

tips of both teeth 
having same 
extent

1st tooth 
extending 
slightly 
beyond 2nd 
tooth

tips of both teeth 
having same 
extent

2nd tooth 
extending 
slightly 
beyond 1st 
tooth

posterolateral 
margin

slightly 
converging 
posteriorly

straight, with the 
same position 
of margins of 
anterolateral 
teeth

straight, less than 
the margins of 
anterolateral 
teeth

straight, with the 
same position 
of margins of 
anterolateral 
teeth

diverging 
posteriorly

frontal margin concave concave concave convex concave
third 

maxilliped
length ratio 

of ischium: 
merus

1.5 1.3 1.4–1.5 1.2–1.3 2.0

cheliped large tooth on 
cutting margin 
of dactylus

subquadrate, 
proximal

subquadrate, 
proximal

subquadrate, 
proximal

low wide 
rectangular, 
middle

subquadrate, 
middle

shape of palm slender slender slender globular globular
extent of setal 

patch on inner 
face of palm

both palm and 
fingers

both palm and 
fingers

both palm and 
fingers

only palm both palm and 
fingers

stridulating 
ridge on inner 
merus

absent present present absent absent

G1 apical part plate-shaped, 
quadrate

mesial surface 
of apical 
part deeply 
depressed, 
from the top 
of apical part 
to chitinous 
process

mesial surface 
of apical 
part deeply 
depressed, 
only on 
chitinous 
process

apical chitinous 
process 
short, with 
distal margin 
slightly 
rounded

lateral surface of 
apical process 
distinctly 
depressed, 
concave on 
apical surface
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the smallest interspecific divergence values 
within this species-complex are at least 6.06% 
(Table 3). The largest interspecific divergences 
occur between C. crassimanus and either C. 
orientale or C. sinuspersici (≥17.91% and 
≥19.12% respectively) (Table 3), but while C. 
crassimanus forms a separate monotypic clade 
(reflected in morphology: Table 2; Fig. 1), the 
genetic support value between the two clades 

is weak (Fig. 2).

■ Discussion

The synonymy of C. lisae under C. crassima-
nus was suggested in Shih et al. (2015), and 
this study supports that action (Table 2; Fig. 1). 
Although most of the East African specimens 
tend to be smaller, the largest female reported 

Fig. 2. A maximum likelihood tree of four species of the Chaenostoma boscii species-complex, based on the cytochrome oxidase 
subunit I (COI) gene. See Table 1 for details of the specimens. Probability values at the nodes represent support values for maximum 
likelihood.

Table 3.　Matrix of percentage pairwise nucleotide divergences with K2P distance (lower left) and mean number of differences 
(upper right) based on 658 bp of COI within and between species of the Chaenostoma boscii species-complex. Values of range are 
shown in parentheses.

Intraspecific Interspecific

Nucleotide 
divergence

Mean nucleotide 
difference C. crassimanus C. orientale C. sinuspersici C. boscii

C. crassimanus  
(incl. “C. lisae”)

0.21 
(0–0.92)

1.4 
(0–6) ̶ 108.65 

(104–112)
111.97 

(110–116)
109.07 

(108–110)
C. orientale 0.34 

(0–0.76)
2.25 
(0–5)

18.85 
(17.91–19.54) ̶ 41.05 

(38–43)
71.64 

(70–73)
C. sinuspersici 0.15 1 19.52 

(19.12–20.38)
6.58 

(6.06–6.91) ̶ 75.5 
(75–76)

C. boscii ̶ ̶ 18.93 
(18.71–19.12)

12.07 
(11.76–12.31)

12.79 
(12.7–12.89) ̶
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has a CW of 9.1 mm (Poupin & Bouchard, 
2010: 62), which is similar in size to the largest 
specimens of C. crassimanus that we examined 
from the West Pacific (see Appendix 1). Mo-
lecular evidence (Table 3; Fig. 2) also supports 
C. lisae as a junior synonym of C. crassimanus 
(see below).

The smallest interspecific COI divergence 
value between species in this complex 
(≥6.06%) (Table 3), is larger than that between 
other closely related intertidal crab species, e.g. 
2.49% between Uca splendida (Stimpson, 
1858) and U. crassipes (White, 1847) (Shih et 
al., 2012); 3.62% between Mictyris guinotae 
Davie, Shih & Chan, 2010 and M. brevidacty-
lus Stimpson, 1858 (Davie et al., 2010); 4.1% 
for the Sesarma reticulatum (Say, 1817) group 
(Schubart et al., 1998); 4.43% between 
Scopimera ryukyuensis Wong, Chan & Shih, 
2010 and S. globosa De Haan, 1835 (Wong et 
al., 2010); 4.74% between Helice tridens (De 
Haan, 1835) and the H. latimera Parisi, 1918 
clade (Shih & Suzuki, 2008); and 4.77% be-
tween Uca jocelynae Shih, Naruse & Ng, 2010 
and U. neocultrimana (Bott, 1973) (Shih et al., 
2010). Thus the degree of COI divergence con-
vincingly supports the recognition of C. crassi-
manus, C. orientale, C. sinuspersici and C. 
boscii as different species, but does not support 
C. lisae as separate from C. crassimanus.

Chaenostoma crassimanus and C. orientale 
are sympatric in some areas (see below), and 
similar in coloration (Shih et al., 2015), but can 
be easily separated using the morphological 
characters listed in Table 2 and Fig. 1. As pre-
viously mentioned, there is a deep phylogenetic 
split from the other species in the complex 
(Table 3; Fig. 2).

Chaenostoma java is close to C. boscii, C. 
orientale, and C. sinuspersici in the subquad-
rate and protruding tooth on the cutting edge of 
movable finger of male cheliped, and in the 
form of the first anterolateral tooth, but the 
male chela of C. java is not as slender as that 
of the above species (Table 2; Fig. 1r–t; Nader-

loo, 2013: fig. 1).
Stimpson (1907) considered Dana’s specimen 

from Fiji to be C. orientale, based on the mor-
phology of its third maxillipeds. The chela and 
carapace shown in Dana’s (1852) figures (pl. 
19(3)) also suggest the Fijian specimen is close 
to C. orientale, however the margins of the 
sixth somite of the male abdomen of our speci-
mens of C. orientale are more swollen centrally 
compared to Dana’s specimen which appears to 
have straight lateral margins. The identity of 
Fijian specimens therefore still needs to be ful-
ly confirmed.

Barnes (1967) identified specimens from 
Australia (Queensland), New Caledonia, New 
Guinea and Solomon Islands (Santa Cruz Is-
lands) as “M. boscii”. The slender chelipeds of 
his samples would suggest they may be C. ori-
entale, but the figures of the G1 and the male 
abdomen (Barnes, 1967: fig. 9) appear to differ 
from that species. Unfortunately, Barnes (1967) 
did not indicate the provenance of the speci-
men that he figured (Queensland is presumed 
but not certain), or for that matter, in what mu-
seum most of the specimens he examined are 
housed. It is possible that several species with-
in the C. boscii species-complex (as presently 
conceived) were represented in the samples he 
examined. Davie (2012) similarly recorded C. 
boscii from numerous Queensland localities, 
apparently overlooking the review paper by 
Naderloo & Türkay (2011) which described C. 
sinuspersici as the widespread species that oc-
curred in Australia. Davie (2012) did not 
describe his specimens in detail, and did not 
figure the G1, so it is difficult to be sure of the 
identity of the Queensland species. The shape 
of the carapace margins and anterolateral teeth 
(Davie, 2012: fig. 38a, b) appear most similar 
to C. orientale, however the broad quadrangu-
lar palm of the male chela, and the shape of the 
basal tooth of the dactylus (Davie, 2012: fig. 
38c; P. J. F. Davie, personal communication) 
are more like C. sinuspersici. The specimens 
examined by both Barnes (1967) and Davie 
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(2012), particularly those from Australia, will 
need to be re-examined before their identity 
can be confirmed.

Two records of “Macrophthalmus boscii” 
from Japan were most likely based on misiden-
tifications. Miyake (1983: 168) identified a fe-
male specimen form Ishigaki, the Ryukyus, as 
Macrophthalmus boscii, but based on the pho-
tograph (Miyake, 1983: pl. 56 (5)), it appears 
to have long eyestalks, a narrow front, and a 
clear second anterolateral tooth, and so is most 
probably a juvenile M. convexus. Takeda (1982) 
also recorded Macrophthalmus boscii from 
Japan, but the short eyestalks, the wide front, 
the shape of carapace, and the presence of only 
one anterolateral tooth (as shown by his un-
numbered photograph on page 211) suggests it 
is more likely a varunid (either in Thalas-
sograpsus or Baruna).

With regard to the distribution of the C. bos-
cii species-complex group, C. boscii s. str. is 
limited to the Red Sea (Naderloo & Türkay, 
2011); C. sinuspersici ranges from the Persian 
Gulf to East Africa (Naderloo & Türkay, 2011; 
this study); C. crassimanus is the most widely-
distributed species, from East Africa to New 
Caledonia (Stimpson, 1858, 1907; Sakai, 1939; 
Chen, 1980; Poupin & Bouchard, 2010; Poupin 
et al., 2012; Bouchard et al., 2013; Shih et al., 
2015; this study); C. orientale also has wide 
distribution, between Phuket (Thailand) and 
Fiji, including Southeast Asia and East Asia 
(Stimpson, 1858, 1907; Dai et al., 1986; Dai & 
Yang, 1991; Huang, 1992; Komai et al., 1995; 
Juncker & Poupin, 2009; Rahayu & Nugroho, 
2012; Shih et al., 2015; this study); and C. java 
is so far only recorded from Java, Indonesia 
(Naderloo, 2013). There is still no study on the 
larval development of this group, however, the 
wide distribution of C. crassimanus is probably 
caused by longer larval development periods, 
as suggested for Cyclograpsus integer H. 
Milne Edwards, 1837 (Gore & Scotto, 1982).

Some species in the C. boscii species-
complex occur sympatrically, e.g., C. orientale 

and C. crassimanus in southern Taiwan and 
Penghu, as well as possibly in the Ryukyus and 
New Caledonia; and C. sinuspersici and C. 
crassimanus in Mayotte and Madagascar (this 
study; Stimpson, 1858, 1907; Naderloo & 
Türkay, 2011; Naderloo, 2013). However, it 
seems that C. orientale and C. crassimanus 
prefer different microhabitats. In Taiwan C. 
orientale prefers to hide under large stones 
with sandy sediment, while C. crassimanus 
likes to form burrows under reef rock into 
coarse sandy sediments in seagrass areas (SJT, 
personal observation). In southern Taiwan, C. 
orientale and C. crassimanus are also sympat-
ric with Macrophthalmus purpureocheir (Shih 
et al., 2015; Teng & Shih, 2015).

Although previous studies have suggested 
that C. sinuspersici is widely distributed in the 
Indo-West Pacific, our study shows that C. si-
nuspersici is limited to East Africa and the Per-
sian Gulf. In contrast, both C. orientale and C. 
crassimanus are reinstated as distinct species 
on the strength of morphological and molecular 
evidence, with C. lisae being treated as a syn-
onym of C. crassimanus. While C. crassima-
nus is widely distributed in Indo-West Pacific 
(reflected in the larger intraspecific COI varia-
tion), C. orientale is limited to the eastern 
Indian Ocean and the West Pacific.
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Appendix 1. Specimens of the genus 
Chaenostoma examined.
Chaenostoma boscii. Saudi Arabia: 1 ♂ 

(8.8 mm), 1 ♀ (7.0 mm) (NCHUZOOL 
13989), Farasan Islands. Egypt: 1 ♂ (not 
measured) (SMF 26292), Manteqad al-Bahr 
al Ahmar, coll. C. Rhode and N. Dressler, 6 
Sep. 1994.

Chaenostoma sinuspersici. Iran: holotype 
♂ (9.1 mm) (SMF 36904), Hormozgan, 
coll. R. Naderloo, 12 July 2006; 1 ♀ (not 
measured) (SMF 38349), Qeshm I., coll. R. 
Naderloo, 11 May 2008; 1 ♂ (7.5 mm), 1 ♀ 
(8.3 mm) (NCHUZOOL 13988), Gulf of 
Oman, Iran, coll. S. Ebrahimneged, 21 Jan. 
2015. Mayotte: 1 ♀ (9.8 mm) (MNHN-
IU-2009-992), coll. J. Dumas et al., 1 
Nov. 2009. Djibouti: 2 ♂♂, 2 ♀♀ (not 
measured) (SMF 24496), Ras Siyyan, coll. 
U. Zajonz and F. Krupp, 24 June 1996.

Chaenostoma crassimanus. Ryukyus, Japan: 
1 ♂ (6.2 mm), CEL-Oki-124, Okinawa 
Island, 6 July 2009. Taiwan: 12 ♂♂ 
(2.3–5.6 mm), 10 ♀♀ (2.6–5.2 mm, incl. 
6 ovig.), NCHUZOOL 13969, Wushihbi, 
Taitung, coll. S.-J. Teng et al., 29 July 
2014; 1 ♂ (3.7 mm), NCHUZOOL 13970, 
Chenggong, Taitung, coll. S.-J. Teng et al., 
28 June 2014; 9 ♂♂ (4.1–6.1 mm), 5 ♀
♀ (4.2–5.7 mm), NCHUZOOL 13971, 
Shanyuan, Taitung, coll. S.-J. Teng et al., 
27 July 2014; 6 ♂♂ (3.9–7.1 mm), 8 ♀♀ 
(4.6–7.1 mm), NCHUZOOL 13967, Mudan, 
Pingtung, S.-J. Teng et al., 25 June 2014; 
1 ♂ (8.0 mm), 1 ♀ (7.3 mm), NCHUZOOL 
13968, Mudan, Pingtung, S.-J. Teng et 
al., 25 June 2014; 1 ♂ (3.4 mm), NTOU 
19920110, Jioupeng, Pingtung, coll. J.-F. 
Huang, 10 June 1992; 1 ♀ (6.0 mm), ASIZ 
70772, Jioupeng, Pingtung, coll. M.-S. Jeng, 
10 Dec. 1996; 1 ♂ (3.0 mm), 1 ♀ (3.2 mm), 
NCHUZOOL 13962, Houwan, Pingtung, 
coll. S.-J. Teng et al., 22 June 2014; 34 ♂
♂ (3.2–5.6 mm), 24 ♀♀ (3.5–5.5 mm), 
NCHUZOOL 13959, Houwan, Pingtung, 

coll. S.-J. Teng et al., 26 June 2014; 3 ♂♂, 
NCHUZOOL 13961, Houwan, Pingtung, 
coll. L.-G. Tseng, 9 Mar. 2014; 5 ♂♂ 
(3.5–4.9 mm), 3 ♀♀ (4.2–4.7 mm, incl. 
1 ovig.), NCHUZOOL 13963, Wanlitong, 
Pingtung, coll .  L.-G. Tseng, 29 Apr. 
2014; 3 ♀♀ (5.1–5.5 mm, incl. 2 ovig.), 
NCHUZOOL 13964, Wanlitong, Pingtung, 
coll. L.-G. Tseng et al., 16 May 2014; 1 ♂ 
(4.0 mm), 1 ♀ (4.8 mm), ASIZ 710017, 
Nanwan, Pingtung, coll. M.-S. Jeng, 5 Mar. 
1997; 1 ♂ (5.8 mm), NCHUZOOL 13965, 
Daguang Pingtung; 29 ♂♂ (3.2–5.5 mm), 
42 ♀♀ (3.1–6.5 mm), NCHUZOOL 13966, 
Daguang, Pingtung, coll. S.-J. Teng et 
al., 24 June 2014; 22 ♂♂ (3.7–5.8 mm), 
20 ♀♀ (4 .4–6.7 mm, incl .  6  ovig.) , 
NCHUZOOL 13960, Yingueibi, Pingtung, 
coll. Y.-H. Wang et al., 24 June 2014; 4 ♂
♂ (1.5–3.1 mm), NCHUZOOL 13958, 
Siaoliuciou, Pingtung, coll. J.-H. Lee et 
al., 11 Nov. 2013; 1 ♂ (6.1 mm), NTOU 
20100527, Lyudao, coll. C.-H. Yang, 27 
May 2010; 10 ♀♀ (4.3–6.7 mm, incl. 2 
ovig.), NTOU 20100528b, Lyudao, coll. H.-
Y. Kuo, 28 May 2010; 4 ♂♂ (3.7–4.7 mm), 
3 ♀♀ (3.6–6.1 mm), NTOU, Lyudao, coll. 
C.-H. Yang, 28 May 2010; 2 ♂♂ (5.0, 
5.3 mm), 1 ♀ (5.7 mm), NCHUZOOL 
13972, Fengguei, Penghu, coll. S.-J. Teng 
et al., 1 Sep. 2014; 1 ♂ (4.6 mm), 3 ♀♀ 
(3.8–4.7 mm), NTOU 19900903, Wang-
an, Penghu, coll. J.-F. Huang, 3 Sep. 1990. 
Philippines: 1 ♂ (5.3 mm), 1 ♀ (5.5 mm), 
ZRC M51, Panglao 2004 Expedition, 
Panglao, Bohol, Philippines, coll. T. Naruse, 
2004. New Caledonia: 1 ♂ (4.9 mm), 
MNHN-IU-2013-9292, Noumea, coll. 
J. Poupin and M. Juncker, 5 Mar. 2009; 
1 ♂ (6.1 mm), 1 ♀ (7.2 mm), MNHN-
IU-2009-2591 (＝MNHN B32603), coll. 
J. Poupin, 2009. Mayotte: 2 ♂♂ (3.8, 
4.9 mm), MNHN-IU-2009-993, Bandrele, 
coll. J. Poupin and R. Cleva, 19 Nov. 2009. 
Madagascar: 2 ♂♂ (5.4, 5.7 mm), 2 ♀
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♀ (3.8, 6.6 mm), MNHN-IU-2009-2590 
(＝MNHN B10717), coll. S. Crosnier, Feb. 
1962.

Chaenostoma orientale .  Taiwan :  1  ♂ 
(7.1 mm), NTOU 19891019, Danhai, New 
Taipei City, coll. J.-F. Huang, 19 Oct. 
1989; 1 ♂ (9.2 mm), NTOU 20070421, 
Hemei, New Taipei City, coll. I.-J. Chen et 
al., 21 Apr. 2007; 1 ♂ (9.8 mm), NTOU 
20070801a, Hemei, New Taipei City, coll. J.-
M. Chen, 1 Aug. 2007; 2 ♂♂ (5.6, 6.2 mm), 
NTOU 20070801b, Hemei, New Taipei 
City, coll. J.-M. Chen, 1 Aug. 2007; 1 ♂ 
(7.7 mm), NTOU 20070208, Mao-ao, New 
Taipei City, coll. C.-H. Yang, 8 Feb. 2007; 
1 ♂ (6.8 mm), NCHUZOOL, Shanyuan, 
Taitung, coll. S.-J. Teng et al., 27 July 2014; 
1 ♂ (4.6 mm), ASIZ 710017, Nanwan, 
Pingtung, coll. M.-S. Jeng, 5 Mar. 1997; 
3 ♂♂ (4.8–6.8 mm), 4 ♀♀ (6.8–9.2 mm), 
NTOU 19900905, Jibei, Penghu, coll. J.-F. 
Huang, 5 Sep. 1990; 10 ♂♂ (4.5–6.9 mm), 
3  ♀♀ (5 .1–7 .6  mm,  inc l .  2  ov ig . ) , 
NCHUZOOL 13976, Citou, Penghu, coll. 
S.-J. Teng et al., 2 Sep. 2014; 1 ♂ (4.1 mm), 
6 ♀♀ (4.0–7.3 mm), NCHUZOOL 13977, 
Watong, Penghu, coll. S.-J. Teng et al., 2 
Sep. 2014; 13 ♂♂ (4.6–10.3 mm), 10 ♀♀ 
(3.9–11.0 mm, incl. 6 ovig.), NCHUZOOL 
13979, Chihsi, Siyu, Penghu, coll. S.-J. 
Teng et al., 3 Sep. 2014; 1 ♂ (9.7 mm), 
NCHUZOOL 13980, Chihsi, Siyu, Penghu, 
coll. S.-J. Teng et al., 3 Sep. 2014; 2 ♂
♂ (10.7,  12.3 mm),  1 ♀ (12.5 mm), 
NCHUZOOL 13981, Chihsi, Siyu, Penghu, 

coll. S.-J. Teng et al., 3 Sep. 2014; 1 ♀ 
(4.5 mm, juv.), NCHUZOOL 13978, Chihsi, 
Siyu, Penghu, coll. S.-J. Teng et al., 31 
Aug. 2014; 8 ♂♂ (5.7–7.2 mm), 3 ♀♀ 
(5.9–6.8 mm, incl. 1 ovig.), NCHUZOOL 
13983, Chihdong, Siyu, Penghu, coll. S.-
J. Teng et al., 31 Aug. 2014; 1 ♀ (7.7 mm, 
ovig.), NCHUZOOL 13982, Chihdong, 
Siyu, Penghu, coll. H.-T. Shih, 18 Oct. 2008; 
3 juv. ♂♂, NCHUZOOL 13984, Nei-an, 
Penghu, coll. S.-J. Teng et al., 3 Sep. 2014; 
10 ♂♂ (3.7–5.2 mm), 4 ♀♀ (4.4–6.9 mm, 
incl. 1 ovig. 3 juv.), NCHUZOOL 13975, 
Fengguei, Penghu, coll. S.-J. Teng et al., 
1 Sep. 2014; 2 ♂♂ (6.3, 8.7 mm), 2 ♀
♀ (6.6, 10.4 mm), NTOU 19900902, 
Fengguei, Penghu, coll. J.-F. Huang, 2 
Sep. 1990; 4 ♂♂ (6.1–7.5 mm), 3 ♀♀ 
(6.1–10.9 mm, incl. 2 ovig.), NCHUZOOL 
13985, Magong, Penghu, coll. Y.-H. Wang 
et al., 30 Aug. 2014. Indonesia: 19 ♂♂ 
(2.5–10.5 mm), 12 ♀♀ (4.9–11.3 mm), 
NCHUZOOL 13987, Bali, coll. H.-T. Shih, 
16 July 2014; 2 ♂♂ (not measured) (SMF 
5439), Moluccas, Aru Islands, coll. H. 
Merton, 20 Feb. 1908. Papua New Guinea: 
1 ♂, 1 ♀ (not measured) (SMF 38539), 
New Ireland, Ulul Plantation, coll. M. 
Türkay, 19 July 1998. New Caledonia: 1 ♂ 
(9.1 mm), MNHN-IU-2013-9291, Noumea, 
coll. J. Poupin and M. Juncker, 5 Mar. 2009. 
Malaysia: 9 ♂♂ (5.7–9.0 mm), 18 ♀
♀ (5.1–10.4 mm), NCHUZOOL 13986, 
Tioman, coll. H.-T. Shih, 20 Aug. 2003.


