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Abstract: The Paracalanus parvus (Claus, 1863) species complex is a common marine calanoid copepod found in 
the world’s oceans. Recent genetic analyses of its specimens from the world oceans revealed that the complex in the 
western North Pacific consists of three species, i.e., P. indicus Wolfenden, 1905, P. tropicus Andronov, 1977 and an 
undescribed species. We assign the last one to be Paracalanus orientalis n. sp. by comparing it with previous morpho-
logical descriptions of related species. Both sexes of the new species are fully described based on genetically identi-
fied specimens from the surface layer of the south of Japan. The new species can be reliably distinguished from P. 
indicus and P. tropicus by the hunchback shape of the female if it is clearly present. Among the three species, the high 
length:width ratio of the third exopod segment of leg 4 is also characteristic of the new species, which would be identi-
fiable, in most cases, by having a ratio of 5.4 or more.

Key words: Copepoda, new species, Paracalanus orientalis, Paracalanus parvus species complex, western North 
Pacific

Introduction

The small calanoid copepod Paracalanus parvus (Claus, 
1863) was first described off Helgoland Island in the North 
Sea (Claus 1863) and has been recorded from seas around 
the world (GBIF Secretariat 2021, Razouls et al. 2005–
2021). This species is the first member of the genus, and 
11 valid congeners have been created to date (Walter & 
Boxshall 2021). Bowman (1971) classified copepods for-
merly known as Paracalanus parvus in the southeastern 
United States into three species primarily by the “dorsal 
hump” of the female and the spinules of the genital somite; 
henceforth we refer to the female “dorsal hump” as “hunch-
back” to avoid confusion with the “cephalic dorsal hump” 
found in male paracalanids (Nishida 1989). These were P. 
parvus, the new species P. quasimodo Bowman, 1971, and 
the new rank P. indicus Wolfenden, 1905 (Bowman 1971). 

Thereafter the “P. parvus” taxonomic problem arose in 
various seas, because researchers could not reliably iden-
tify “P. parvus” specimens in their geographic zones, prob-
ably because of individual variation in the diagnostic char-
acteristics given by Bowman (1971). The species formerly 
identified as P. parvus is now referred to as the P. parvus 
species complex (Cornils & Held 2014). In Japan, the P. 
parvus species complex has been referred to as P. parvus 
s.l. (Ueda 1997).

Cornils & Held (2014) analyzed genetic sequences of 
a large number of specimens of the Paracalanus parvus 
species complex collected from all oceans. They detected 
10 to 12 putative species. Hidaka et al. (2016) performed 
genetic analyses on the P. parvus complex collected in the 
northwestern Pacific Ocean along the 138°E line off the 
coast of Japan, and found three genetic groups. By com-
paring these groups with those analyzed by Cornils & Held 
(2014), they concluded that the three groups were P. indi-
cus, P. tropicus Andronov, 1977, and an as-yet undescribed * Corresponding author: Hiroshi Ueda; E-mail, hueda@kochi-u.ac.jp
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species. The last one was referred to as Paracalanus sp. 
A by Cornils & Held (2014) and Paracalanus sp. (NWP) 
by Hidaka et al. (2016). After a literature survey we have 
concluded that Paracalanus sp. (NWP) is not identifiable 
to any of the so far described and named species and there-
fore, assign Paracalanus sp. (NWP) to a new species. The 
present paper fully describes both sexes of the new species 
based on genetically identified specimens collected from 
the southern waters of Japan by Hidaka et al. (2016).

Materials and Methods

Specimens of the Paracalanus parvus species complex 
were sorted from samples collected at three stations (C3100, 
S01, C3430) during the cruises of the FRV ‘Soyo-maru’ 
(National Research Institute of Fisheries Science, Fisher-
ies Research Agency) in 2011 and 2016. Sampling methods 
were as described by Hidaka et al. (2016). Those examined 
in this study were less damaged than others and were geneti-
cally identified using 28S LSU rRNA of the antennule. The 
holotype specimen is the same one illustrated as Paracala-
nus sp. (NWP) by Hidaka et al. (2016).

Morphological examination was performed by the meth-
od of Humes & Gooding (1964) using 70% glycerol under 
a compound microscope equipped with a camera lucida. 
Length and width of specimens were measured directly 
with an ocular micrometer or on the drawings with drawn 
scale bars. The body and curved urosome lengths of the 
male allotype in lateral view were obtained on a personal 
computer using the measurement software “Hakarundesu” 
(https://online.onegland.net/hakarun).

The morphological terminology follows Boxshall & 
Halsey (2004) and Huys & Boxshall (1991) with the ex-
ception of the following abbreviations: Exp1–Exp3 and 
Enp1–Enp3 denote the first–third exopod segments and 
the first–third endopod segments, respectively. Type speci-
mens were deposited into the National Museum of Nature 
and Science, Tokyo.

Systematics

Order Calanoida Sars, 1902  
Family Paracalanidae Giesbrecht, 1892  

Genus Paracalanus Boeck, 1864  
Paracalanus orientalis Itoh and Ueda, new species  

(Figs 1–6)

Synonymy
Paracalanus sp. A: Cornils & Held (2014), fig. 3.
Paracalanus sp. (NWP): Hidaka et al. (2016), fig. 4, table 3.
Paracalanus intermedius: Soh & Moon (2014), p. 88, figs. 

48–51; Moon et al. (2015), p. 8.

Type locality
South of Honshu, Japan, Pacific Ocean, 138°00′E, 

31°00′N.

Material examined
Female holotype, dissected on 2 slides (NSMT-

Cr 30657) collected at C3100 (138°00′E, 31°00′N) on 9 
May 2011; male allotype, dissected on 2 slides (NSMT-
Cr 30658), and 3 female paratypes in alcohol (NSMT-Cr 
30659–30661), collected at S01 (137°44′E, 33°52′N) on 
5 May 2011; 4 female and 9 male paratypes in alcohol 
(NSMT-Cr 30662–30674) collected at C3430 (138°00′E, 
34°30′N) on 22 January 2016. All type materials were col-
lected at depths of 0–200 m and identified by genetic anal-
ysis as in Hidaka et al. (2016).

Description
Female (holotype)̶Body (Fig. 1A, B) length 0.87 mm. 

Prosome length 0.69 mm, 2.7 times width, and 3.1 times 
urosome. Cephalosome completely fused with first pedi-
gerous somite; fourth and fifth pedigerous somites in-
completely fused. Cephalosome hunchback shaped (Fig. 
1B); rostrum with pair of long rostral filaments. Length 
ratios of first to fourth urosomites and caudal ramus 
28 : 14 : 13 : 24 : 21. Genital double somite (Fig. 1A, C) 
length 0.8 times width, swollen ventrally, with cluster of 
minute spinules on anterior lateral surfaces and row of 
minute spinules along posterior margin except for ventral 
side; seminal receptacles almost parallel to posterior mar-
gin in lateral view. Anal somite length 0.7 times width. 
Caudal ramus (Fig. 1E) length 1.8 times width, with 4 long 
setae on distal margin and 1 short seta near distomedial 
corner; medial margin devoid of spinules.

Antennule (Fig. 1F) 25-segmented, extending to poste-
rior end of caudal rami; segments 1 and 2 incompletely 
separated; fusion and setation patterns as follows (ances-
tral segment numbers in Roman numerals, ae = aesthe-
tasc, sp = spine): 1 (I)=3, 2 (II–IV)=4+ ae, 3 (V)=2+ 
ae, 4 (VI)=2, 5 (VII)=2+ ae, 6 (VIII)=1, 7 (IX)=2, 8 
(X)=1+ sp, 9 (XI)=2+ ae, 10 (XII)=1, 11 (XIII)=1, 12 
(XIV)=sp+ ae, 13 (XV)=1, 14 (XVI)=1+ ae, 15 (XVII)=1, 
16 (XVIII)=1+ ae, 17 (XIX)=1, 18 (XX)=1, 19 (XXI)=1+ 
ae, 20 (XXII)=1, 21 (XXIII)=1, 22 (XXIV)=1+ 1, 23 
(XXV)=1+ 1, 24 (XXVI) =1+ 1, 25 (XXVII–XXVIII)=5+ 
ae; segments 1–10 each with row of several spinules along 
posterodistal margin; segments 11–23 each with longitudi-
nal row of minute spinules.

Antenna (Fig. 1G) coxa with plumose medial seta; ba-
sis with 2 subequal setae at distomedial corner; exopod 
7-segmented with 1, 3, 1, 1, 1, 1, 1+ 3 setae; endopod 2-seg-
mented; Enp1 with 2 setae at two-thirds length of medial 
margin and spinule row near distolateral corner; Enp2 with 
3 short medial, 5 subterminal and 7 terminal setae, and 
row of long spinules near distolateral corner.

Mandible (Fig. 1H) coxa with spinule rows on proximal 
part and at least 10 tooth tips on gnathobase; basis with 
4 setae along medial margin, a few spinules proximal to 
proximalmost seta, and long row of spinules near medial 
margin; exopod indistinctly 5-segmented with 1, 1, 1, 1, 2 
setae; endopod 2-segmented; Enp1 with 4 setae at distome-
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Fig. 1. Paracalanus orientalis n. sp., female holotype. A, habitus, dorsal; B, habitus, lateral; C, genital double somite, lateral; D, genital 
field, ventral; E, caudal rami, dorsal; F, antennule; G, antenna; H, mandible. Prosome (PL) and urosome (UL) lengths were measured as in-
dicated in A.
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dial corner; Enp2 with 10 terminal setae, 2 of them shorter 
and slightly inclined, and row of long spinules near disto-
lateral corner.

Maxillule (Fig. 2A) praecoxal arthrite proximally with 
9 elements, consisting of 4 spiniform and 1 thin setae 
marginally, 4 thin setae and longitudinal row of minute 
spinules posteriorly, and distally with 5 long spines along 
margin; coxal epipodite with 2 short and 7 long setae; cox-
al endite with 3 setae; proximal and distal basal endites 
each with 4 setae; endopod 3-segmented with 3, 4, 6 setae; 
exopod unsegmented with 11 setae marginally and row of 
long spinules distally.

Maxilla (Fig. 2B) praecoxa with 5 and 3 setae on proxi-
mal and distal endites, respectively; coxa with 3 setae on 
each of 2 endites, short seta on lateral surface, and minute 
spinules on distal side of each endite; basal endite with 4 
setae and minute spinules on distal side; endopod 4-seg-
mented with 1, 2, 2, 3 setae.

Maxilliped (Fig. 2C) syncoxal with indistinct 4 endites 
bearing 1, 2, 3, 4 setae, respectively, and cluster of spinules 
on each of first and fourth endites; basis slightly shorter 
than syncoxa, with medial margin bearing row of long 
spinules proximally and 3 setae distally; endopod 6-seg-
mented with 2, 3, 4, 3, 1+ 3, 4 setae, lateral seta of segment 
5 and lateral 2 setae of segment 6 short.

Leg 1 (Fig. 2D) endopod 2-segmented. Spine and setal 
formula of legs 1–4 (Fig. 2D–I) as follows.

Coxa Basis Exopod Endopod

Leg 1 0-1 0-1 0-1; 0-1; 2, 2, 3 0-1; 1, 2, 2
Legs 2–4 0-1 0-0 I-1; I-1; II, I, 5 0-1; 0-2; 1, 2, 3

Legs 1–4 coxae each with clusters of spinules or fine 
setules along both margins. Legs 2, 3 bases with 3, 4 con-
spicuous spinules, respectively, near distolateral corner on 
posterior surface. Legs 1–4 rami spinule pattern as in Fig. 
2D–I; spinules on posterior surfaces of legs 2, 3 Enp2 very 
conspicuous. Legs 2–4 Exp2 with smooth lateral margins; 
Exp3 lateral margin between 2 lateral spines serrate in 
legs 2, 3 and smooth in leg 4. Leg 4 Exp3 length 5.9 times 
width (measurement lines indicated in Fig. 2I).

Leg 5 (Fig. 2J) 2-segmented, fused to intercoxal sclerite, 
with short lateral and long medial apical spines; segment 
2 length 3.8 times width, as long as segment 1; long apical 
spine length 1.5 times segment 2, slightly curved termi-
nally, and finely pinnate along distal 2/3 of lateral margin.

Male (allotype)̶Body (Fig. 3A, B) length 0.93 mm. 
Prosome length 0.67 mm, 2.6 times width, and 2.3 times 
urosome. Genital somite (Fig. 3C) with cluster of minute 
spinules on anterolateral surface and gonopore on left side.

Antennule (Fig. 3D) 20-segmented, extending to fourth 
urosomite; armature and fusion pattern as follows: 1 (I–
IV)=7+ 5ae, 2 (V–VIII)=7+ 6ae, 3 (IX–X)=4+ 3ae, 4 
(XI)=2+ 2ae, 5 (XII)=1+ ae, 6 (XIII)=1+ ae, 7 (XIV)=1+ 
ae, 8 (XV)=ae, 9 (XVI)=1+ ae, 10 (XVII)=sp+ ae, 11 

(XVIII)=1+ ae, 12 (XIX)=1+ ae, 13= 1+ae, 14 (XXI)=1+ 
ae, 15 (XXII)=1+ ae, 16 (XXIII)=1+ ae, 17 (XXIV)=1+ 
1+ae, 18 (XXV)=1+ 1+ae, 19 (XXVI)=1+ 1, 20 (XXVII–
XXVIII)=4+ ae.

Antenna (Fig. 3E) basis fused to coxa, with 2 setae at 
distomedial corner; exopod 7-segmented with 0, 0, 1, 1, 
1, 1, 1 setae; endopod 2-segmented; Enp1 devoid of seta; 
Enp2 medially with 5 setae, proximal 2 of them short, ter-
minally with 6 setae, and 2 spinule rows.

Mandible (Fig. 3F) without gnathobase; basis with small 
medial seta; exopod 5-segmented with 1, 1, 1, 1, 2 setae; 
endopod 2-segmented; Enp1 with medial seta; Enp2 with 8 
terminal setae.

Maxillule (Fig. 3G) reduced to non-segmented append-
age bearing 3 groups of 5, 7, 2 setae, last 2 setae of them 
short.

Maxilla (Fig. 3H, indicated by arrow) greatly reduced 
into small knob bearing notch at top.

Maxilliped (Fig. 3H) 5-segmented, consisting of naked 
syncoxa, basis with 3 medial setae, and 3-segmented en-
dopod; Enp1 medially with 9 thin setae medially and very 
long thick seta laterally; Enp2 with short thin seta and long 
thick seta laterally; Enp3 with 2 thin setae and 1 thick seta.

Leg 1 slenderer than that of female; first lateral spine 
of Exp3 not beyond segment. Spinule pattern of Legs 1–4 
(Fig. 4A–F) as in female except for following ornamenta-
tions: legs 2–4 Exp2 with spinule row along lateral margin; 
leg 3 Exp1 with spinules on posterior surface. Leg 4 Exp3 
length 6.0 times width.

Left leg 5 (Fig. 4G) 5-segmented; terminal segment de-
void of ornamentation, with 2 pointed apical attenuations 
(medial one of them probably broken at tip). Right leg 5 
2-segmented; terminal segment with 2 pointed attenua-
tions.

Etymology
The specific name “orientalis” (east in Latin) refers to 

the Orient region (East Asia) from Japan to Korea and Chi-
na, which is the distribution range of this species (Cornils 
& Held 2014).

Variability
Bowman (1971) described the “hunchback” of the female 

as a characteristic feature of Paracalanus quasimodo. Ac-
cording to Hidaka et al. (2016), only a half of the female 
specimens of P. orientalis n. sp. that they examined had 
the prominent hunchback. As an example of the variation, 
the type specimens, with a prominent and a less prominent 
hunchback, are illustrated in Fig. 5.

Hidaka et al. (2016) described the shape and arrange-
ment of the seminal receptacle as characteristic features 
to distinguish the three species of the Paracalanus par-
vus complex. However, this arrangement was found to be 
somewhat variable in the paratype specimens (Fig. 6). The 
axis of the seminal receptacle in the lateral view was per-
pendicular to the dorsal surface line of the somite in speci-
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Fig. 2. Paracalanus orientalis n. sp., female holotype. A, maxillule; B, maxilla; C, maxilliped; D, leg 1, anterior; E, leg 2, posterior; F, 
endopod of leg 2, anterior; G, leg 3, posterior; H, endopod of leg 3, anterior; I, leg 4, posterior; J, leg 5.
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Fig. 3. Paracalanus orientalis n. sp., male allotype. A, habitus, dorsal; B, habitus, lateral; C, genital somite, dorsal; D, antennule; E, an-
tenna; F, mandible; G, maxillule; H, rudimentary maxilla (indicated by arrow) and maxilliped (4 setae on proximal 2 segments of endopod 
were directed lateralward due to treatment on the glass slide).
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men A in Fig. 6, but was inclined in specimens B and C.
Hidaka et al. (2016) indicated that the relative length 

of exopod segment 3 of leg 4 was the critical morpho-
logical feature to distinguish Paracalanus orientalis n. 
sp. from coexisting congeners. In the present study, the 
length : width (L/W) ratio of the segment was remeasured 
on the 10 female specimens that were examined by Hidaka 
et al. (2016). The ratio varied from 5.0–6.1, with the mean 
5.67±0.34 SD. The variation in the male was not measured 
because material comprised of genetically-identified male 
specimens with intact leg 4 Exp3 was limited.

Discussion

The Paracalanus parvus species complex currently in-
cludes the following eight named species (Cornils & Held 
2014, Vieira-Menezes et al. 2021): P. brasiliensis Vieira-
Menezes et al., 2021, P. indicus, P. intermedius Shen & 
Bai, 1956, P. nanus Sars, 1925, P. parvus s.s., P. qua-
simodo, P. serrulus Shen & Lee, 1977, and P. tropicus 
Andronov, 1977. In the phylogenetic tree of the species 
complex by Cornils & Held (2014), P. orientalis n. sp. (as 
Paracalanus sp. A) belongs to a genetic clade different 
from those of the six species P. nanus, P. quasimodo, P. 

Fig. 4. Paracalanus orientalis n. sp., male allotype. A, leg 1, anterior; B, leg 2, posterior; C, endopod of leg 2, anterior; D, leg 3, posterior; 
E, endopod of leg 3, anterior; F, leg 4, posterior; G, leg 5 (joint between the first and second segments and medial terminal attenuation of the 
right leg were broken).
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indicus, P. tropicus, P. parvus s.s., and P. brasiliensis (as 
Paracalanus sp. E), with high levels of interspecific mtCOI 
variations (>12% differences). This indicates that P. orien-
talis n. sp. is neither one of these six species.

Of the remaining two species, Paracalanus serrulus was 
first described from river estuaries of the southeast coast of 
China facing the South China Sea by Shen & Lee (1963). 

According to their illustration, leg 5 of the female has a 
long terminal segment with a terminal spine that is shorter 
than the segment. Such the leg 5 is remarkably different 
from those of the other members of the P. parvus com-
plex and rather similar to the leg 5 of Parvocalanus scotti 
(Früchtl, 1923). Furthermore, the female leg 4 of P. ser-
rulus has a row of long spinules on the surface of the leg 

Fig. 5. Paracalanus orientalis n. sp., three female paratypes from S01. A–C, lateral views of the habitus (A) with prominent hunchback 
(shown by arrow) and (B, C) with less prominent hunchback.

Fig. 6. Variations in the angle of the seminal receptacle of Paracalanus orientalis n. sp. in lateral view based on three female paratypes 
from S01. A–C, axes of seminal receptacles (s) were vertical (A), slightly inclined (B), and inclined (C) to the dorsal line (d) of the somite, 
respectively.
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4 Enp2, but no spinules are present on the corresponding 
surface of P. orientalis n. sp. By these remarkable differ-
ences it is certain that P. orientalis n. sp. is not P. serrulus.

The last remaining species, Paracalanus intermedius, 
was first described from the Yellow Sea by Shen & Bai 
(1956) as a species smaller than co-occurring “P. parvus” 
and having intermediate morphologies between P. parvus 
and P. aculeatus Giesbrecht, 1888. Although there were 
some problems with their illustration, such as the extreme-
ly narrow leg 4 rami and the 7-segmented left leg 5 of 
the male, the following features of P. intermedius explain 
critical differences from P. orientalis n. sp. (correspond-
ing characteristics of P. orientalis n. sp. in brackets): 1) leg 
4 of the female lacks spinules on the posterior surface of 
Enp2–Enp3 [a few, but readily recognizable spinules are 
present on Enp3]; 2) leg 4 of the male lacks spinules on the 
posterior surfaces of Enp2–Enp3 [a longitudinal row of 
conspicuous spinules is present on both segments]. Most of 
the features in their table were on the spinules of the legs, 
indicating that they were paying attention to the spinula-
tion pattern on the leg rami. The spinulation pattern on the 
legs is important for taxonomy of some paracalanid spe-
cies such as Bestiolina (Ali et al. 2007, Ueda & Sakaguchi 
2021). Besides, the size of P. intermedius is smaller than 
the co-occurring most abundant “P. parvus” (Shen & Bai 
1956). The size and abundance of P. intermedius are in 
conflict with those of P. orientalis n. sp. in Japan, because 
the latter is the largest and the most common of the three 
sympatric species of the P. parvus complex (Hidaka et al. 
2016). Accordingly, there is no doubt that P. orientalis n. 
sp. is distinct from P. intermedius. In conclusion, P. orien-
talis n. sp. is a distinct species from any of the seven so-far 
named species belonging to the P. parvus complex.

Soh & Moon (2014) noted that the genus Paracalanus 
in Korea consists of P. aculeatus Giesbrecht, 1888, P. in-
termedius and P. indicus. Their description of P. interme-
dius is very close to P. orientalis n. sp. The morphological 
differences between P. orientalis n. sp. and P. intermedius 
explained above are also the case between P. intermedius 
by Soh & Moon (2014) and P. intermedius s. str. by Shen 
& Bai (1956). Moon et al. (2015) compared the mtCOI se-
quences of their P. intermedius specimens in Korea with 

those of Chinese and Japanese specimens on the GenBank 
database, which are correspond to Paracalanus sp. NWP 
(=P. orientalis n. sp.) in Hidaka et al. (2016). Moon et al. 
(2015) suggested that P. intermedius mainly occurred in Ko-
rea and around the main island of Japan. This morphological 
and genetic evidence indicates that “P. intermedius” of Soh 
& Moon (2014) and Moon et al. (2015) is P. orientalis n. sp.

Morphological characteristics of the three species for-
merly recorded as Paracalanus parvus from Japan are list-
ed in Table 1. Hidaka et al. (2016) pointed out that morpho-
logical distinction between Paracalanus sp. (NWP) (=P. 
orientalis n. sp.) and P. indicus can be made only by the 
length of the leg 4 Exp3 relative to the body length. How-
ever, the two species can be more clearly separated by the 
L/W ratio of the leg 4 Exp3 itself. According to Hidaka 
et al. (2016), the mean ratio of leg 4 Exp3 length to body 
length in the females of P. orientalis n. sp. was 0.118, 
which is 16% and 11% higher than those of P. indicus 
(0.102) and P. tropicus (0.106), respectively. In contrast, 
the mean L/W ratio 5.63 of leg 4 Exp3 in the female of P. 
orientalis n. sp. was 23% and 31% higher than those of P. 
indicus (4.6) and P. tropicus (4.3), respectively. The L/W 
ratio in the male allotype was 6.0, which was 25% higher 
than that (4.8) in the male of P. indicus described from 
New Zealand by Bradford-Grieve (1994). However, some 
specimens may be difficult to distinguish using this ratio, 
because the minimum ratio 5.1 in the female of P. orien-
talis n. sp. was close to the ratio of 4.8 in P. indicus from 
New Zealand. The L/W ratio of the leg 4 Exp3 would not 
be a problem for identification, if the ratio is at least 5.4, 
which is the lower limit of the standard deviation range, 
i.e., the mean ratio 5.63–0.27 SD.

A more easily observable characteristic of Paracalanus 
orientalis n. sp. is the hunchback of the female, although 
it is unclear in some specimens. If a hunchback is clear-
ly present, the specimen can be identified to P. orientalis 
n. sp. The female of P. orientalis n. sp. is distinguished 
from P. tropicus by relative length of the urosome (Hi-
daka et al. 2016). According to Hidaka et al. (2016), the 
prosome:urosome ratio of 4.25 (ranging from 3.89–4.71) 
in P. tropicus was 33% higher than 3.19 (2.76–3.64) in P. 
orientalis n. sp.

Table 1. Distinctive characteristics of the three species formerly recorded as Paracalanus parvus from Japan. Values marked with * are 
those measured on an illustration in a reference. Mean values are in parentheses. The male of P. tropicus has not been recorded.

P. inidicus P. tropicus P. orientalis n. sp.

Female Male Female Female Male

Body length (mm) 0.825–0.870 (0.844)1), 1.05*2) 1.09*2) 0.750–0.854 (0.794)1), 0.74–0.903) 0.806–1.032 (0.903)1), 0.874) 0.934)

Hunchback of prosome absent absent absent usually present absent

Prosome:urosome ratio 3.33–3.39 (3.37)1), 3.0*2) 2.2*2) 3.89–4.71 (4.25)1), 4.0*3) 2.76–3.64 (3.19)1), 3.14) 2.34)

Length:width ratio of third 
exopod segment of leg 4

4.6*1), 4.8*2) 4.8*2) 4.3*1) 5.1–5.9 (5.63±0.27)4) 6.04)

1)Hidaka et al. (2016), 2)Bradford-Grieve (1994), 3)Andronov (1977), 4)present study.
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Morphologies previously used to distinguish the species 
of the Paracalanus parvus complex have been primarily a 
dorsal hump (=hunchback) in the female, ornamentation 
of legs 2–4, and spinules on the genital somite (Bowman 
1971, Bradford 1978). Since these were not considered suf-
ficient to identify other cryptic species, other diagnostic 
morphologies such as spinules on cephalic appendages 
were needed to define their taxonomy. Comparing with P. 
indicus described by Bradford-Grieve (1994), for example, 
P. orientalis n. sp. differs by the following cephalic ap-
pendages [corresponding characteristics in P. indicus de-
scribed by Bradford-Grieve (1994) in brackets]: the female 
antenna with 1 spinule row on Enp2 [without spinules]; the 
female mandible with 1 spinule row on Enp2 [with 2 rows]; 
the female maxillule with 1 spinule row on praecoxa ar-
thrite in (a) [with 2 rows]. However, even if morphological 
differences from a known species are found on specimens 
of the P. parvus complex, genetic analyses are essential to 
create a new species. Genetic analysis should be performed 
not only on females but also on males, and males should be 
morphologically described, because males of the P. parvus 
complex have been very limitedly described.
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