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Abstract

Centropages mohamedi sp. nov. (Copepoda: Calanoida) is described from specimens collected in zooplankton samples 

off Obhur Creek on the Saudi Arabian coast of the central Red Sea. The new species is most closely related to C. orsinii 

Giesbrecht, 1889, a species described from the Red Sea and widely distributed in the neritic waters of the Indo-West Pa-

cific region. The new species is mainly distinguished by the female genital double somite, male antennules, male leg 4, 

and leg 5 of both sexes. DNA sequences of the mitochondrial cytochrome C oxidase subunit one (mtCOI) of the two spe-

cies differ by 20.8%, supporting their morphology-based identification as distinct species. 
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Introduction

The Red Sea is an oligotrophic sea and can be considered an extreme environment for plankton owing to its high 

salinity, lack of any fresh water supply and a high evaporation rate, as well as isolation from the open ocean 

(Weikert 1987). During the last decade, more attention has been paid to the plankton community by shore-based 

laboratories in Red Sea countries, resulting in the discovery of several planktonic copepod species new to science 

or to the fauna of the Red Sea (e.g. El-Sherbiny & Ueda 2008a, b; El-Sherbiny 2009, 2011; El-Sherbiny & Al-

Aidaroos 2013, 2014; Ohtsuka et al. 2000). The genus Centropages (Family: Centropagidae) presently comprises 

34 species, including 3 doubtful species (Razouls et al. 2014). This genus has a worldwide distribution with species 

being distributed across a wide range of marine environments, from low to high latitudes (Vervoort 1964; 

Bradford-Grieve 1999; Bradford-Grieve et al. 1999; Boxshall & Hasley 2004). Some coastal species are abundant, 

comprising a main component of copepod communities and playing important roles as food for fish (Brodsky 

1950; Chen & Zhang 1965). In the Red Sea, the following nine species of the genus have hitherto been recorded 

(Halim, 1969; El-Sherbiny & Ueda 2008a; El-Sherbiny 2011): Centropages aegypticus El-Sherbiny & Ueda, 2008, 

C. calaninus Dana, 1849, C. elongatus Giesbrecht, 1896, C. furcatus (Dana, 1849), C. gracilis (Dana, 1849), C. 

kroyeri Giesbrecht, 1892, C. orsinii Giesbrecht, 1889, C. uedai El-Sherbiny, 2011, and C. violaceus (Claus, 1863).

During our study of zooplankton diversity in coastal waters around Obhur Creek, near Jeddah coastal water on the 

Saudi Arabian coast of the Red Sea, an undescribed species of planktonic calanoid copepod of the genus 

Centropages, very closely related to C. orsinii, was collected. Here, we describe this new species and compare it 

morphologically and genetically with C. orsinii collected from the central Red Sea, its type locality. 

Material and methods

Sample collection. Centropages specimens of the new species were collected from the coastal waters off Obhur 

Creek, the central Red Sea (21º41.37´N, 39º2.13´E) on 31 May 2012, and specimens of Centropages orsinii were 
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sampled on 10 June 2013 from Obhur Creek (21° 41.398' N, 39° 3.002' E) (Fig. 1). Samples were collected by 

horizontal tows of a 150 µm mesh plankton net near the sea surface. Immediately after sampling, specimens for 

morphological examination were fixed in a 4% formalin-seawater solution; those for genetic analyses were fixed in 

95% ethyl alcohol. The alcohol was changed after 1 day. Temperature and salinity in the surface water were 

measured using a multiparameter water quality meter (Horiba U-50). During the sampling time, the temperature 

and salinity off Obhur Creek were 26 ºC and 39.9 respectively, and those at Obhur Creek were 25.6 ºC and 39.8 

respectively.

Morphological examination. Microscopic examination and dissections were made in polyvinyl lactophenol 

using bright-field and differential interference microscopes (Nikon DM 6000). For detailed observations, 

specimens were stained with a 0.1% Rose Bengal solution. Drawings were made with a camera lucida attached to 

the microscope. Terminology follows Huys & Boxshall (1991). Specimens were deposited in the collection of the 

National History Museum, London. For scanning electron microscopy, specimens were washed in filtered 

seawater, and then clean distilled water, dehydrated through an alcohol series 30–100% (ethanol) and subsequently 

critical-point-dried. The specimens were mounted on a stub, coated with gold palladium, and observed with a SEM 

Hitachi S-3500N.

Molecular analysis. DNA sequences were determined for portions of the mitochondrial gene cytochrome 

oxidase subunit one (mtCOI). Individual adult female copepods were identified under a dissecting microscope at 

×250 magnification. Each individual for mtCOI analysis was placed in a capped 0.2 ml microcentrifuge tube. 

Individual copepods were digested in 400 μl ATL buffer (Qiagen) and 20 μl Proteinase K overnight. After digestion 

400 μl of AL buffer was added and DNA extraction continued using Qiagen’s Blood and Tissue kit as per the 

manufacturer’s instructions. DNA was precipitated in 30 μl AE buffer and mtCOI amplicons were amplified using 

the PCR primers LCO1490 and HCO2198 (Folmer et al. 1994). The reaction conditions were: initial denaturation 

for 5 min at 95 °C, followed by 40 cycles of 94°C (1 min); 47°C (2 min); 72°C (3 min). A final extension at 72 °C 

for 10 min was undertaken. PCR products were purified using ExoStar (Illustra) and sequencing was carried out in 

an ABI 3730xl Capillary Sequencer. The machine-read sequences were compiled using Sequencing Analysis (Ver. 

3.3, ABI prism) and manually checked for accuracy. Multiple-sequence alignments were made using CLUSTAL X 

version 2.0 (Larkin et al. 2007). Pairwise distance measures and phylogenetic analyses were conducted using 

MEGA 6 software (Tamura et al. 2007). Ambiguous sites were eliminated from the dataset. 

Results

Subclass Copepoda Milne Edwards, 1830

Order Calanoida G. O. Sars, 1903

Family Centropagidae Giesbrecht, 1893

Genus Centropages Krøyer, 1849

Centropages mohamedi sp. nov.

(Figs 2,4–6)

Type material. Holotype. Adult female, 1.39 mm, dissected and mounted on 1 glass slide with CMC-10 (Reg. No 

NHMUK 2014.613-622) collected at coastal water off Obhur Creek, Jeddah, central Red Sea, (21° 41.398' N, 39° 

3.002' E) on 31 May 2012, 0.5 m depth.

Allotype. Adult male, 1.20 mm, partly dissected and mounted in 1 glass slide with CMC-10 (Reg. No 

NHMUK 2014.623-632) collected at coastal water off Obhur Creek, Jeddah, central Red Sea (21° 41.398' N, 39° 

3.002' E), on 31 May 2012, 0.5 m depth. 

Additional paratypes. 20 adult females (body length: 1.31–1.45 mm, mean ± SD = 1.36 ± 0.06 mm) and 17 

adult males (body length: 1.18–1.35 mm, mean ± SD = 1.26 ± 0.07 mm) in 70% alcohol (Registration number: 

NHMUK 2014.613-622 and NHMUK 2014.623-632 respectively) collected at coastal water off Obhur Creek, 

Jeddah, central Red Sea (21° 41.398' N, 39° 3.002' E), on 31 May 2012, 0.5 m depth.
 Zootaxa 3911 (3)  © 2015 Magnolia Press  ·  397CENTROPAGES MOHAMEDI SP. NOV. FROM THE RED SEA



FIGURE 1. Sampling sites of Centropages mohamedi sp. nov. and C. orsinii off Jeddah and entrance of Obhur Creek, central 

Red Sea.
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FIGURE 2. Centropages mohamedi sp. nov. Female (holotype). (A) Habitus, dorsal view; (B) Habitus, lateral view; (C) 

Rostrum, lateral view; (D) Urosome, dorsal view; (E) Urosome, ventral view; (F) Urosome, lateral view; (G–H) Antennule. 

Scale bars in mm. 
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FIGURE 3. SEM micrographs of Centropages mohamedi sp. nov. female. (A) Rostrum, lateral view; (B) Urosome, lateral 

view; (C) Genital double somite, lateral view, (D) Maxillipod basis (middle seta with proximal, spirally located spinule 

indicated by arrow), lateral view; (E) Medial process of second exopodal segment of female leg 5 indicated by arrow; (F) 

Enlarged medial process of second expodal segment of female leg 5.
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Description. Female (holotype). Body (Fig. 2A) robust, prosome plump comprising cephalosome and five 

pedigerous somites; prosome about 2.3 times as long as urosome; cephalosome distinctly separated from first 

pediger; fourth and fifth pedigerous somites separated; fifth pedigerous somite symmetrical with posterolateral 

corners slightly pointed in dorsal and lateral aspects (Fig. 2A, B). Rostrum bearing long pair of frontal filaments 

directed postero-ventrally with broad base (Figs 2C, 3A). Urosome (Figs 2D–F, 3B) of 3 free somites; genital 

double somite symmetrical (Figs 3B–C); genital receptacle located half way along ventral surface covered with 

blunt operculum. Second urosomite symmetrical, slightly shorter than genital double somite; anal somite 

symmetrical and shorter than preceding free abdominal somite. Caudal rami symmetrical and approximately 2.3 

times as long as wide. 

Antennules (Fig. 2G, H) symmetrical, 24-segmented, extending about to middle of anal somite. Armature 

formula as follows: (segment 1) = 2 setae + aesthetasc (ae), (2) = 2 setae + ae, (3) = 2 + ae, VI (4) = 2 + ae,(5) = 2 

+ ae, (6) = 1 + ae, (7) = 2 + ae, (8) = 2 (1 spiniform) + ae, (9) = 2 + ae, (10) = 2 + ae, (11) =1 + ae, (12) = 2 (1 

spiniform) + ae, (13) = 1 + ae, (14) = 2 + ae, (15) = 2 + ae, (16) = 2 + ae, (17) = 2 + ae, (18) = 2 + ae, (19) = 2 + ae, 

(20) = 1 + ae, (21) = 1, (22) = 1 + 1, (23) = 1 + 1, (24) = 5+ae. 

Antenna (Fig. 4A) biramous with short coxa bearing plumose seta at distomedial angle; basis with 2 subequal 

setae on distomedially; exopod indistinctly 7-segmented with setal formula of 1, 4, 1, 1, 1, 1, 3; endopod 2-

segmented, proximal segment with 2 unequal subterminal setae; distal segment bilobed, with medial (proximal) 

lobe bearing 8 setae, and with lateral (distal) lobe crowned with 7 setae and transverse row of long spinules 

subdistally on lateral margin. 

Mandibular gnathobase (Fig. 4B) with cutting edge carrying 8 teeth on coxal cutting edge and dorsal spinulose 

seta; ventralmost tooth largest, smooth and unicuspid, third to sixth teeth bicuspidate and third to seventh teeth 

ornamented with 2 rows of short spinules anterodistally at base. Palp (Fig. 4C) basis with 4 unequal setae on medial 

margin; exopod 5-segmented with setal formula of 1, 1, 1, 1, 2; endopod 2-segmented, proximal segment with 4 

setae at distomedial corner; distal segment with 8 unequal setae and subapical random patch of spinules row of fine 

spinules. 

Maxillule (Fig. 4D) with praecoxal arthrite bearing 9 marginal strong spines plus four on posterior surface. 

Coxal epipodite with 9 setae; coxal endite with 3 spinulose setae; basal exite with 1 vestigial seta. Basis fused to 

exopod and endopod; proximal basal endite armed with 4 setae and on distal endite 7 setae. Exopod carrying 11

marginal setae; endopod indistinctly 2-segmented with 4 and 5 setae respectively. 

Maxilla (Fig. 4E) indistinctly 7-segmented, containing partially coalesced praecoxa and coxa, basis and 2-

segmented endopod. Praecoxal and coxal endites carrying 5, 3, 3 and 3 bilaterally spinulate setae respectively; 

basal endite with 4 setae, one longer than others; endopod 2-segmented, carrying 7 bilaterally spinulate setae. 

Maxilliped (Fig. 4F) 8-segmented comprising syncoxa, basoendopod and free 6-segmented endopod (first 

endopodal segment almost completely incorporated into basis). Syncoxal lobes with 1, 2, 3, 4 setae on its medial 

margin, small patch of spinules on medial surface proximal to seta of first syncoxal lobe and other patch near the 

third lobe. Basis slightly shorter than syncoxa, with 3 setae (middle seta with proximal setule located in spiral 

pattern, Fig. 3D), row of strong spinules and long hairs along medial margin of segment proximal to basal setae; 

endopod with setal formula of 2, 4, 4, 3, 3 + 1, 1+2+ 1. 

Swimming legs 1–4 (Fig. 5A–D) with 3 segmented exopod; endopod 2-segmented in legs 1–3, and 3-

segmented in legs 4–5. Leg 1 with medial basal seta reaching to end of proximal endopodal segment. Leg 5 (Fig. 

5E–H) symmetrical; second exopodal segment with strong medial process medially, slightly longer than segment 

itself with bilateral serration along distal half of lateral margin (Figs 5F–G, 3E–F). Armature of legs as follows:

Coxa Basis Exopod Endopod

1 2 3 1 2 3

Leg 1 0-1 0-1 I-1; I-1; II, I, 4 0-3; 1, 2, 3

Leg 2 0-1 0-0 I-1; I-1; III, I, 5 0-3; 2, 2, 4

Leg 3 0-1 0-0 I-1; I-1; III, I, 5 0-3; 2, 2, 4

Leg 4 0-1 0-0 I-1; I-1; III, I, 5 0-1; 0-2; 2, 2, 3

Leg 5 (F) 0-0 0-0 I-0; I-0; II, I, 4 0-1; 0-1; 2, 2, 2
 Zootaxa 3911 (3)  © 2015 Magnolia Press  ·  401CENTROPAGES MOHAMEDI SP. NOV. FROM THE RED SEA

http://dx.doi.org/10.5252/z2012n2a11
http://dx.doi.org/10.1651/07-2879.1


FIGURE 4. Centropages mohamedi sp. nov. Female (holotype). (A) Antenna; (B) Mandibular gnathobase; (C) Mandibular 

palp; (D) Maxillule; (E) Maxilla, (F) Maxilliped. Scale bars in mm. 
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FIGURE 5. Centropages mohamedi sp. nov. Female (holotype). (A) Leg 1; (B) Leg 2; (C) Leg 3; (D) Leg 4; (E) Leg 5; (F) 

Endopod of left leg 5; (G) Left medial process of second exopodal segment of female leg 5; (H) Right medial process of second 

exopodal segment of female leg 5. Scale bars in mm.
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FIGURE 6. Centropages mohamedi sp. nov. Male (allotype). (A) Habitus, dorsal view; (B) Rostrum, ventro-lateral view; (C) 

Urosome, dorsal view; (D) Right antennule; (E) Right leg 4; (F) Basis of right leg 4, posterior view; (G) Leg 5, posterior view. 

Scale bars in mm. 
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Male (allotype). Body (Fig. 6A) robust, prosome plump, widest at posterior border of second pediger; prosome 

about 2.2 times as long as urosome comprising cephalosome and five pedigerous somites; cephalosome distinctly 

separated from first pediger; fifth pedigerous somite produced into slightly pointed and slightly asymmetrical 

corners, extending posteriorly slightly further on left side (Fig. 6A). Rostrum bearing long pair of frontal filaments 

sinuate at distal part and terminally directed postero-ventrally (Figs 6B, 7A). Urosome (Fig. 6C) comprising 4 free 

somites, symmetrical except for genital somite with single gonopore opening posterolaterally on left side ventral 

surface; anal somite slightly shorter than 2 preceding free somites. Caudal rami (Fig. 6C) symmetrical, about 2.3 

times longer than wide. 

Right antennule (Fig. 6D) 21-segmented, geniculate between segments XX and XXI (18 and 19). Ancestral 

segments XIX (17) and XX (18) with row of spinules produced from anterior margin respectively; segment XXI 

(19) with row of relatively longer spinules on proximal 1/3 terminating in long spine along segment margin. 

Armature as follows: (1) = 2 + ae, ( 2) = 2+ ae, (3) = 2 + ae, (4) = 2 + ae, (5) = 2 + ae, (6) = 2 + ae, (7) = 2 + ae, (8) 

= 1 + ae, (9) = 2 + ae, (10) = 2 (1 spiniform) + ae, (11) = 1 + ae, (12) = 2 (1 spiniform) + ae, (13) = 2 + ae, (14) = 2 

+ ae, (15) = 2 + ae, (16) = 2 + ae, (17) = 1 + ae, XX (18) = 1 + ae, (19) = 1 + process + ae, (20) = 2+ 2, (21) = 6 + 

ae. 

Mouthpart appendages, legs 1 to 3 similar to those in female. Leg 4 asymmetrical, basis of right leg with three 

rounded digitiform processes spreading along lateral surface, proximal and middle ones originated from same base 

(proximal one smaller) (Figs 6E–F, 7B); these digitiform processes outlined with papilla-like structures (Fig. 7B). 

Leg 5 (Fig. 6G) strongly asymmetrical; first endopodal segment of both legs produced distolaterally into 

rounded process. Left leg biramous, with 2-segmented heavily sclerotised exopod and 3-segmented endopod; 

second exopodal segment nearly 2.3 times as long as first one, hirsute on posteromedial surface, bearing 2 lateral 

spines, one medial pointed process and bilaterally serrated, long distal spine fused to segment (Fig. 7C). Right leg 

(Fig. 6G) biramous, with broader basis than that of left leg; exopod 3-segmented; first exopodal segment short, 

with lateral articulated spine and adjacent pointed process distolaterally; second exopodal segment with short spine 

very near distolateral corner and with strongly-curved inner process originating at nearly 90 degree proximally on 

to medial margin; third exopodal segment long, curved inward, serrated along outer convex margin (Figs 6G, 7D), 

armed with slender seta on proximomedial margin and recurved distally; endopod exceeding second exopodal 

segment, second endopodal segment with pointed distolateral process. Setal formula of right endopod same as left 

endopod (0-1; 0-1; 2-2-2); right endopod slightly wider than left one.

Molecular diversity. A 544-bp region of the mtCOI was obtained for three individuals of C. mohamedi

(GenBank accession Nos. KM288701-KM288703) collected from the coastal water off Obhur Creek, central Red 

Sea and four individuals of C. orsinii collected from Obhur Creek (GenBank accession Nos. KM288704-

KM288707). Individuals from the same species have identical mtCOI sequences (0.000), while individuals of 

different species differed by 20.8 % (Table 1). The mtCOI gene tree also showed that C. mohamedi is clearly an 

undescribed species separate from C. orsinii (Fig. 8).

Etymology. The specific name mohamedi is dedicated to the first author’s son (Mohamed) who passed away 

on May 2009 at 5 years old. 

TABLE 1. Pairwise percentage differences for mtCOI sequences between individual females of Centropages mohamedi

sp.nov. and C. orsinii.

Centropages 

mohamedi #1

Centropages 

mohamedi #2

Centropages 

mohamedi #3

Centropage

s orsinii #1

Centropage

s orsinii #2

Centropage

s orsinii #3

Centropages mohamedi#1

Centropages mohamedi#2 0.00

Centropages mohamedi#3 0.00 0.00

Centropages orsinii#1 20.80 20.77 20.77

Centropages orsinii#2 20.77 20.77 20.77 0.00

Centropages orsinii#3 20.77 20.77 20.77 0.00 0.00

Centropages orsinii#4 20.77 20.77 20.77 0.00 0.00 0.00
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FIGURE 7. SEM micrograph of Centropages mohamedi sp. nov. male from the Red Sea. (A) Rostrum, ventral view; (B) Basis 

of right leg 4, posterior view; (C) Fused exopodal segments 2 and 3 of male left leg 5; (D) Third exopodal segment of male 

right leg 5 (serration of distal part indicated by arrow). 

FIGURE 8. Gene tree for mtCOI showing proportional differences between individual females of Centropages mohamedi sp. 

nov. and C. orsinii from neritic waters of the central Red Sea. Numbers at branch points are bootstrap values (i.e., percentage of 

trees with that branch point among 1000 subreplicates). The specimen numbers correspond to those in Table 1.

Discussion

The new species (Centropages mohamedi) is readily distinguished from the two closely resembled species, C. 

orsinii and C. halinus (see also Table 2), as well as other known species, in that: (1) the posterior prosome ends of 
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both sexes are almost symmetrical and weakly pointed, (2) the female genital double somite is symmetrical with 

the seminal receptacle located posteriorly along the ventral surface and covered with a blunt operculum, (3) the 

symmetry of female leg 5 which has a 3-segmented exopod, of which the second exopod segment bears a strong 

medial process, slightly longer than the segment itself and with bilateral serration along distal part of posterior 

margin, (4) the basis of male right leg 4 bears 3 rounded outer border digitiform processes that are outlined with 

papillae-like structures, (5) the second exopodal segment of male right leg 5 bears a strong medial process curved 

at almost 90 degree to its segment, and (6) the third exopodal segment of male right leg 5 is curved distally with 

spinules along its outer margin. The bases of male leg 4 of C. mohamedi are asymmetrical, with the right one 

characterized by digitiform processes spreading along the lateral surface. Similar processes are present on the male 

right leg basis of C. orsinii collected from different regions with variability in the precise form of the processes 

(Boxshall & Jaume 2011). Based on our specimens of C. orsinii collected from Obhur Creek, central Red Sea, the 

processes of the right fourth legs are mostly as shown by Mulyadi (2004) from Indonesian waters. 

The mtCOI has been used as an appropriate marker for species level studies in calanoid copepods because it 

contains sufficient diversity to address intra- and interspecific phylogenetic relationships (Bucklin & Wiebe 1998; 

Bucklin & Frost 2009; Eyun et al. 2007; Sakaguchi & Ueda 2010; Soh et al. 2012; Ueda & Bucklin 2006). The 

20.8 % difference between C. mohamedi and C. orsinii suggests that these two species have been genetically 

isolated for some time.

Vervoort (1964) divided Centropages species into five groups (typicus, furcatus, hamatus, orsinii and 

violaceus) based on the shape of the last pedigerous somite, shape of the urosome, leg 5 morphology, and the male 

right antennule. Subsequently, Ohtsuka et al. (2003, 2005) added 2 further groups (trispinosus and alcocki), and 

pointed to the necessity of a revision of these species groups, since most of the species seem to be heterogeneous. 

The present new species falls within the orsinii group proposed by Vervoort (1964) that previously contained only 

C. orsinii. Here, C. orsinii, C. halinus and C. mohamedi are grouped as the orsinii group, members of which share 

the following features: (1) posterior corners of both sexes are weakly pointed, (2) legs 1 to 3 with 2-segmented 

endopods, whilst 3-segmented endopods are retained on legs 4 and 5, (3) female leg 5 possess a relatively short 

medial process on the second exopodal segment with bilateral serration along the distal part of the lateral margin, 

(4) male left leg 5 consists of 2-segmented exopod (ancestral segments 2 and 3 fused), with the second segment 

being fused to a relatively long bilaterally serrated distal spine, (5) male right leg 5 with second exopodal segment 

has short seta at the distolateral corner and relatively short medial process slightly increasing the length of the 

second exopodal segment, and (6) male right leg 5 with second exopodal segment curved and armed with a slender 

seta medially close to the basal articulation. 

Of these three species, C. mohamedi is not only recorded from the type locality but also along the Saudi 

Arabian coastal waters of the Red Sea (El-Sherbiny et al. unpublished data), C. orsinii is widely distributed in the 

Indo-West Pacific (Greenwood 1977), and C. halinus is confined to the hypersaline inner region of Shark Bay, 

Western Australia where it is present in salinities between 39 and 44.4 (Mckinnon & Kimmerer 1988). Thus, this 

species group is restricted to the Indo-West Pacific region.

Asymmetry of the leg 5 is fairly common to adult male calanoids, while asymmetry of the leg 4 is very rare in 

copepods. It is remarkable that the male of C. mohamedi reveals an asymmetry in leg 4, in which the basis of the 

right leg carries on its posterior surface three rounded digitiform processes outlined by papillae-like structures. 

Asymmetry in the shape or size of the exopodal spines on male leg 4 is recorded in some other Centropages

species. For example, in C. sinensis, the distal spine on the lateral margin of the third exopodal segment is enlarged, 

hook-like and curved outwardly on the right side (Chen & Zhang 1965); in C. abdominalis Sato, 1913, the length 

of the distolateral spine on the third exopodal segment is longer in the right leg than in the left (Mori 1964); in C. 

tenuiremis Thompson & Scott, 1903 (as C. yamadai Mori 1964: pl. 28, fig. 7), the lateral spine on the first and 

second exopodal segment is enlarged and curved on the right side (Mori 1964: pl. 28, fig. 7 as C. yamadai Mori,

1964); in C. brevifurcus Shen & Lee, 1963, the right distolateral spine on third exopodal segment is longer than left 

one (Ohtsuka et al. 2003); in C. aegypticus El-Sherbiny & Ueda, 2008, the lateral spines on the first and second 

exopodal segment of the right leg is longer than right one (El-Sherbiny & Ueda 2008a), in C. uedai El-Sherbiny, 

2011, the lateral spine on the second exopodal segment is thicker, longer and curved in right leg (El-Sherbiny 

2011), and in C. orsinii, the basis of the right leg carries distally three pointed processes on its posterior surface 

(Mulyadi 2004; Boxshall & Jaume 2011). 
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