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Genetical identification and morphological
description of the larvae and juveniles of
Porocottus leptosomus (Pisces: Cottidae)
from Korea
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Abstract

The larvae and juveniles of Porocottus leptosomus belonging to the family Cottidae were collected (n = 95, 3.9–16.5 mm
in body length, BL) from Busan, Korea, in March 2015. The larvae and juvenile were identified using DNA barcoding as
P. leptosomus, and their morphological description was presented in detail. The yolk-sac larvae (3.9–5.6 mm BL) body
was slightly compressed, the head was large, the eye was round and large, and the anus was before the middle of the
body. The preflexion larvae (5.2–10.0 mm BL) body length drastically increased; caudal fin rays began to occur. The
flexion larvae (9.4–11.8 mm BL) notochord flexion started; dorsal, pectoral, and anal fin rays began to occur; pelvic fin
buds are seen; they possessed a pair of parietal spine; and a pair of supraocular cirri was first to develop. At 12mm BL,
the notochord was completely flexed. The larva stage (3.9–12.6 mm SL) had the stellate melanophores in the head,
isthmus, gut, and tail (along to the ventral midline). During the juvenile stage (11.4–16.5 mm BL), melanophores
covered the head and began to form five black bands on the side of the body. The larvae of P. leptosomus spent
pelagic life, but moved to the bottom during the juvenile stage. The larvae and juveniles of P. leptosomus differ
from other cottid larval fishes by body shape, melanophore head pattern, and spine development. P. leptosomus
can be distinguished from Porocottus allisi by morphological development and the occurrence of larval fish:
preopercular spine development, melanophore pattern, and caudal fin development.
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Introduction
The family Cottidae, in the suborder Cottoidei, contains
282 species and 70 genera worldwide, with 39 species
and 20 genera in Korea (National Institute of Biological
Resources) 2011; Song et al. 2012; Nelson 2016; Shin et
al. 2016). This family is widely distributed worldwide ex-
cept in the Indian Ocean, showing greatest species diver-
sity occurs in the North Pacific (Watanabe 1969;
Richardson 1981; Eschmeyer 1965; Yabe 1985; Cart-
wright 2009; Knope 2013). They are not commercially
important, but the cottid fishes are important compo-
nents of North Pacific coastal ecosystems (Cartwright
2009; Blood and Matarese 2010).

The cottid fishes are an oviparous fish, which generally
produce demersal eggs and provide parental care or de-
posit their eggs in concealed spaces or cavities (Matarese
et al. 1989; Kendall Jr. 2011). The larvae and juveniles
are generally characterized by a slender body, short
snout, fan-like pectoral fin, four or serrate preopercular
spines, and heavy pigment on dorsal surface of the gut,
nape, and along the postanal ventral midline (Kendall Jr.
2011; Okiyama 2014). Larvae and juveniles of cottid
fishes can be identified based on pigmentation pattern,
head spine development, cirri development, and preanal
length (Richardson 1981; Kendall Jr. 2011; Okiyama
2014). However, the systematics and life histories of the
most cottid species are poorly known (Matarese et al.
1989; Cartwright 2009; Blood and Matarese 2010). The
DNA barcoding can help resolve the difficulties on spe-
cies identification.
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Porocottus leptosomus (Muto et al. 2002) was originally
described as a new species based on specimens collected
from Taean, eastern margin of the Yellow Sea. P. leptoso-
mus has been collected from the Shandong Peninsula,
China, and the intertidal zone around Gyeongju,
Gyeongsangbuk-do, Korea, in recent years; its distribu-
tion was newly added to the western margin of the Yel-
low Sea and the Korea Strait (Choi and Yang 2008; Choi
et al. 2008). This species must be protected because the
habitat of P. leptosomus is highly restricted, requiring
further researches on population genetics and ecology.
Larval fish identification of the family Cottidae has

caused confusion as the systematics and early life histor-
ies of most species are poorly known (Cartwright 2009).
It is needed for the study on the morphological develop-
ment of larval stages to clarify the species identification.
There are few studies on P. leptosomus except for re-
ports on species occurrence.
In this study, the larvae and juveniles of P. leptosomus

were identified using DNA barcoding, and their mor-
phological description was presented in detail.

Materials and methods
A total of 95 larvae and juveniles of P. leptosomus [3.9–
16.5mm body length (BL)] were collected in Cheongsapo
and Dadaepo, Busan, Korea, on March, 2015, and January,
2016, utilizing a scoop net (Fig. 1). They were preserved in

95% ethanol. The larvae and juveniles of P. leptosomus are
deposited at the Ichthyoplankton Laboratory of Pukyong
National University (PKUI).
Total DNA was extracted from eyeballs of larvae and ju-

veniles (n = 21) and from muscle tissue of adult collected
from Taean (type locality) using a DNA Extraction Kit
(Bioneer Trade Co. LTD, Korea). The specimens were
studied using VF2 (5′-TCA ACC AAC CAC AAA GAC
ATT GGC AC-3′) and FishR2 (5’-ACT TCA GGG TGA
CCG AAG AAT CAG AA-3′) primers, which amplify the
mitochondrial DNA cytochrome oxidase subunit I (COI)
(Ward et al. 2005; Ivanova et al. 2007). The condition of
PCR and purification of PCR products were followed by
the method of Ward et al. (2005), with some modification.
DNA was sequenced on an ABI 3730XL Sequencer (Ap-
plied Biosystems, Foster City, CA, USA) using the ABI
PRISM BigDye Terminator v3.1 Ready Reaction Cycle Se-
quencing Kit (Applied Biosystems). The sequences were
aligned using ClustalW (Thompson et al. 1994) in BioEdit
ver. 7 (Hall 1999). Genetic distances were calculated using
the Kimura two-parameter method (Kimura 1980) in
MEGA 6 (Tamura et al. 2013). A neighbor-joining (NJ)
tree was constructed with the Kimura two-parameter
method (Kimura 1980) and 1000 bootstrap replications
using MEGA 6 (Tamura et al. 2013).
Morphological developments were observed using a

microscope (Olympus SZX16, Japan). Measurements were

Fig. 1 Map showing the sampling area of larvae and juveniles of Porocottus leptosomus
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made according to the methods of Eschmeyer (1999)
(body parts were measured to the nearest 0.1 mm). The
terminology of developmental stages followed Kim et al.
(2011), the terminology of head spination followed Moser
and Ahlstrom (1978), and the terminology of head cirri
followed Muto et al. (1994). In addition, we subdivided
the pigmentation patterns of preflexion larvae into 16 po-
sitions, a modification of the 26 positions suggested by
Kendall and Lenarz (1986) (Fig. 2).
Growth patterns during the early development were

modeled by a power function of BL and the allometric
patterns were described by the growth coefficient in the
equation Y = aXb, where Y is the dependent variable (mea-
sured characteristic), X the independent variable (BL), a is
the intercept, and b is the allometric coefficient. Isometric
growth occurred when b = 1; allometric growth was posi-
tive when b > 1 and negative when b < 1. In addition, linear
regressions were performed on log-transformed data and
the inflection points were calculated. Inflection points are
the X values where the slope of growth changes.

Materials examined
Examined materials included yolk-sac larvae (3.9–5.6mm
BL, n = 10; PKUI 400, 470, 471, 473, 474, 506, 508, 526–
528), preflexion larvae (5.2–10.0mm BL, n = 52; PKUI
361, 469, 472, 475–505, 507, 509–525), flexion larvae
(9.4–11.8mm BL, n = 14; PKUI 359, 360, 362, 401–406,
412–414, 416, 418), postflexion larvae (11.8–12.6mm BL,
n = 5; PKUI 407, 408, 411, 415, 417), and juveniles (11.4–
16.5mm BL, n = 14; PKUI 351–358, 363–366, 409, 410).
mtDNA COI sequences of 6 species of the family Cot-

tidae were obtained from PKU and the National Center
for Biotechnology Information (NCBI) as follows: Poro-
cottus leptosomus (PKU 8158, 13005), Porocottus allisi
(PKU 7742), Icelinus quadriseriatus (KF929994), Ase-
michthys taylori (KP827345), Trachidermus fasciatus
(JX029074), Icelinus borealis (JQ354140).

Results
Molecular identification
A total of 500 base pairs of the mtDNA COI sequences
of 21 larvae and juveniles of P. leptosomus (KY305147–

305167) were compared with those of 6 other cottid spe-
cies including P. leptosomus adults collected from type
locality and Busan (Fig. 3). The neighbor-joining tree
showed that the 21 larvae and juveniles were clustered
together with adults of P. leptosomus (pairwise genetic
distance, d = 0.000–0.006) (Fig. 2). The 21 larvae and ju-
veniles differed from Porocottus allisi (Jordan and Starks,
1904) (d = 0.125–0.132). The 21 larvae and juveniles dif-
fered from other species of the family Cottidae: Icelinus
quadriseriatus (d = 0.158–0.163), Asemichthys taylori (d
= 0.186–0.191), Trachidermus fasciatus (d = 0.208–
0.211), Icelinus borealis (d = 0.175–0.178). The 21 larvae
and juveniles examined in this study were identified as
P. leptosomus.

Morphological development
Drawings of larvae and juveniles are shown in Figs. 4
and 5. Measurements are shown in Fig. 6 and Table 1.
The yolk-sac larvae (3.9–5.6 mm BL) body was slightly
compressed; head was large; eye was round and large;
mouth was large, oblique, and subterminal; posterior
end of the upper jaw was not reaching the middle of the
eye; they have a pair of nostrils; origin of dorsal fin was
vertically above the origin of the pectoral fin; anus was
before the middle of the body; and the origin of the anal
fin was behind the anus. The preflexion larvae (5.2–10.0
mm BL) body length drastically increased, they have a
slender body, and all body proportions decreased (Fig. 7).
The flexion larvae have 9.4–11.8 mm BL. At 9.5 mm BL,
notochord flexion started; body proportions except the
eye diameter increased; the eye diameter steadily de-
creased; and they have two pairs of circular nostrils. The
postflexion larvae have 11.8–12.6 mm BL. At 12mm BL,
the notochord was completely flexed, maxilla has teeth,
they have two pairs of nostrils, and both nostrils have a
short tube. Juveniles (11.4–16.5 mm BL) head length in-
creased; posterior end of upper jaw was reaching the
middle of the eye; lateral line scales begin to form when
four black bands are on the side of the body.
The yolk-sac larvae (3.9–5.6 mm BL) lacked head

spines (Fig. 4a), but at 5.5 mm BL, they possessed four
preopercular spines (Fig. 4b). The flexion larvae (9.4–

Fig. 2 Pigment position of a preflexion larva. The numbering of position modified from Kendall and Lenarz (Kendall Jr and Lenarz 1986)
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11.8 mm BL) possessed a pair of parietal spine (Fig. 4c).
At 10.5 mm BL, the fourth preopercular spine was bicus-
pid (Fig. 4d). The postflexion larvae (11.8–12.6 mm BL)
had similar spines but they developed spines (Fig. 5a).
During the juvenile stage (11.4–16.5 mm BL), the first
and second preopercular spines were well developed and
curved upward (Fig. 5b, c).
At 11 mm BL, a pair of supraocular cirri was first to

develop (Fig. 4d). During the postflexion larva stage
(11.8–12.6 mm BL), supraocular cirri became elongated
(Fig. 5a). During the juvenile stage (11.4–16.5 mm BL),
the tip of cirri became branched (Fig. 5b, c).
The yolk-sac larvae (3.9–5.6 mm BL) possessed a prim-

ordial finfold; pectoral fin looked like a fan and lacked real
fin rays, and the pectoral fin was short, not reaching the
anus (Fig. 4a). At 6.5 mm BL, caudal fin rays began to
occur (Fig. 4b). At 9.5 mm BL, dorsal, pectoral, and anal
fin rays began to occur; pelvic fin buds are seen (Fig. 4c).
At 11.5mm BL, pelvic fin rays began to develop, ray seg-
mentation was initiated in the caudal fin, all fin rays were
reaching the margin of the fin, and the second dorsal and
anal fins were separated from the caudal fin (Fig. 4d).

During the postflexion larva stage (11.8–12.6mm BL), the
development of dorsal fin spines was completed; the dor-
sal and anal fins were separated from the caudal fin
(Fig. 5a). During the juvenile stage (11.4–16.5mm BL), the
numbers of fin spine and ray were equal to those in adults:
VI~VII-18~19 dorsal, 12~14 anal, 15~16 pectoral, and I, 3
pelvic. All soft fin rays were segmented (Table 2).
The yolk-sac larvae (3.9–5.6 mm BL) had the stellate

melanophores in head, isthmus, gut, and tail (along to
the ventral midline) (Fig. 4a). The preflexion larvae (5.2–
10.0 mm BL) showed a similar melanophore pattern with
that of yolk-sac larvae (Fig. 4b). The flexion larvae (9.4–
11.8 mm BL) had the spotted-shaped melanophores in
the head (Fig. 4c, d). The postflexion larvae (11.8–12.6
mm BL) had spotted-shaped melanophores in the gut;
all posflexion larvae except two specimens had
spotted-shaped melanophores in the head (Fig. 5a). Dur-
ing the juvenile stage (11.4–16.5 mm BL), melanophores
covered the head and began to form five black bands on
the side of the body (Fig. 5b, c).
The percentage of pectoral fin length (PL) to BL in-

creased with size, and the percentage of eye diameter

Fig. 3 Neighbor joining tree showing the relationships among larvae and juveniles of Porocottus leptosomus collected from Busan, and P.
leptosomus adult collected from Taean (type locality) and five cottid species. Numbers at branches indicate bootstrap probabilities in 1000
bootstrap replications. Bar indicates genetic distance of 0.02
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(ED) to head length (HL) decreased with size (Fig. 7).
The percentage of preanal length (PAL), body depth
(BD), and head length (HL) to BL decreased before
notochord flexion. These percentages showed a further
increase at the flexion larva stage (Fig. 7). The percent-
ages of PAL, BD, and HL to BL during the preflexion
stage are plotted (Fig. 7).

Discussion
A total of 500 base pairs of the mtDNA COI gene of 21
larvae and juveniles of P. leptosomus were compared
with those of 6 other cottid species (Fig. 3). The 21 lar-
vae and juveniles examined in this study were identified
as P. leptosomus. The larvae and juveniles belong to the
genus Porocottus for having a slender body, a short
snout, a fan-like pectoral fin, four or serrate preopercu-
lar spines, and heavy pigment on dorsal surface of the
gut, nape, and epural, and along the postanal ventral
midline (Kendall Jr. 2011; Okiyama 2014). These charac-
ters were well corresponded to our specimens.
The occurrence season of P. leptosomus larvae was

similar to that of Hexagrammos otakii and Furcina ishi-
kawae. So compared with these species, P. leptosomus
can be misidentified as Hexagrammos otakii and F.

ishikawae by the following characters such as fin devel-
opment and melanophore pattern: fin development
(around 12.5 mm BL in P. leptosomus vs. over 19 mm BL
in H. otakii vs. 17~18mm BL in F. ishikawae), melano-
phore pattern (no melanophores on lateral trunk in P.
leptosomus vs. melanophores on lateral trunk in H. ota-
kii and F. ishikawae), cirri development (at 11 mm BL in
P. leptosomus vs. absent in H. otakii vs. at 16 mm BL in
F. ishikawae) (Okiyama 2014). The fin and cirri develop-
ment of P. leptosomus was faster than those of other
intertidal fishes. These differences may be survival strat-
egies that have the potential to decrease mortality of the
eggs, larvae, and juveniles through camouflage and de-
velopment of swimming ability.
Matarese et al. (1989) divide the cottid larval fishes in

Northeastern Pacific Ocean into eight groups based on
morphological characters. The larvae and juveniles of P.
leptosomus are morphologically similar to the “Myoxoce-
phalus group” in Matarese et al. (1989) based on the fol-
lowing features: slender body, pointed snout, four
preopercular spines, melanophore pattern. These results
were consistent with the results of morphological classi-
fication in Yabe (1985) and the results of molecular phyl-
ogeny in Knope (2013). However, the genus Porocottus

Fig. 4 Drawings of larvae of Porocottus leptosomus. a Yolk-sac larva (5.6 mm BL) (PKUI 400). b Preflexion larva (8.5 mm BL) (PKUI 491). c Flexion
larva (10.5 mm BL) (PKUI 406). d Flexion larva (11.5 mm BL) (PKUI 403). Bars 1 mm
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Fig. 5 Drawings of larvae and juveniles of Porocottus leptosomus. a Postflexion larva (12.3 mm BL) (PKUI 408). b Juvenile (13.3 mm BL) (PKUI 358).
c Juvenile (16.5 mm BL) (PKUI 351). Bars 1 mm

Fig. 6 Relative growth of fin count in larvae and juveniles of Porocottus leptosomus

Shin et al. Fisheries and Aquatic Sciences           (2018) 21:37 Page 6 of 10



can be distinguished from the genus Myoxocephalus by
preopercular spine shape and fin development: the genus
Myoxocephalus develop four preopercular spines, and
then preopercular spines except the first and second pre-
opercular spine disappear, but P. leptosomus have four
preopercular spines during larval development; the fin
completion of P. leptosomus is faster than that of the

genus Myoxocephalus (at 12 mm BL in P. leptosomus vs.
over 14 mm BL in the genus Myoxocephalus) (Matarese
et al. 1989; Okiyama 2014). The larvae and juveniles of
most cottids generally developed 4~5 preopercular
spines and then reduced the size or number of preoper-
cular spines (Okiyama 2014). In most of adult cottids,
they have a large first preopercular spine which is simple

Fig. 7 Relative growth of various body proportions in larvae and juveniles of Porocottus leptosomus. ◆, Porocottus leptosomus; ○, Porocottus allisi

Table 1 Measurements of larvae and juveniles of Porocottus leptosomus. Values for each body proportion are expressed as
percentage of body length (BL) or head length (HL): mean and range

Yolk sac Preflexion Flexion Postflexion Juveniles

Number of specimens 10 52 14 5 14

Body length (mm) 3.9–5.6 5.2–10 9.4–11.8 11.8–12.6 11.4–16.5

Preanal length/SL (%) 38.5–50.0
(44.5)

32.9–48.3
(39.3)

34.5–50.5
(40.4)

41.3–50.0
(44.9)

39.8–57.0
(45.8)

Head length/SL (%) 20.5–30.0
(26.3)

17.3–29.3
(22.5)

20.5–33.6
(25.4)

24.0–29.7
(26.8)

23.6–35.2
(29.5)

Body depth/SL (%) 17.9–27.8
(23.0)

15.6–27.6
(21.0)

17.1–27.4
(21.4)

21.5–25.4
(23.2)

19.5–26.1
(22.9)

Pectoral fin length/SL (%) 6.6–12.0
(8.6)

8.5–13.3
(10.4)

12.0–25.3
(18.4)

19.0–23.2
(21.1)

17.3–26.1
(22.3)

Snout length/HL (%) 13.3–27.3
(19.6)

12.5–26.3
(20.3)

16.7–29.6
(23.2)

23.3–27.6
(25.0)

20.0–26.3
(23.2)

Eye diameter/HL (%) 35.7–63.6
(46.3)

29.4–46.7
(39.3)

25.0–41.7
(35.6)

29.4–34.5
(32.4)

28.2–38.7
(35.0)
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or highly modified (Yabe 1985; Nakabo and Kai 2013).
The preopercular spine development of P. leptosomus
will be similar to those of other cottid. After juvenile
stage, P. leptosomus expected to reduce size or number
of preopercular spines. Melanophore pattern of preflex-
ion larvae compared with these of other cottid species
(Table 3). Compared with the genus Myoxocephalus
which is close to the genus Porocottus, P. leptosomus
having melanophores in ventral abdominal and hypural
has no melanophores in the upper jaws, nape, and dorsal
contour. As in other species of Cottidae, larvae and juve-
niles of P. leptosomus showed that the percentage of PL
to BL increased with size and the percentage of ED to

HL decreased with size (Sado et al. 2005; Blood and
Matarese 2010; Okiyama 2014; Fig. 7). The percentages
of PAL, BD, and HL to BL during larval development
are plotted because the body length rapidly grows in the
preflexion larvae stage (Figs. 7 and 8). The experimental
values of PAL, BD, and HL continue to increase with
size (Fig. 8).
Compared with P. allisi, counts and measurements

have no difference (Han and Kim 1997; Okiyama 2014;
Fig. 7). But P. leptosomus can be distinguished from P.
allisi by morphological development and the occurrence
of larval fish: preopercular spine development (four
spines in P. leptosomus vs. spines increases from two to

Table 3 Comparison of pigmentation pattern in preflexion larvae of 14 cottid fishes

Species Melanophore position References

1 2 3 4 5 6 7 8 9 1 1 1 1 1 1 1

0 1 2 3 4 5 6

Porocottus leptosomus 0 1 0 0 1 1 1 1 1 1 0 0 1 0 1 1 Present study

Porocottus allisi 0 1 0 0 1 1 1 1 1 1 0 0 1 1 1 1 Okiyama (2014)

Myoxocephalus stelleri 1 1 1 0 0 1 1 0 0 0 1 1 1 1 0 0 Okiyama (2014)

Enophrys diceraus 0 1 1 0 1 1 1 0 1 1 0 1 1 0 0 1 Okiyama (2014)

Oligocottus maculosus 0 1 1 0 0 1 0 0 0 0 0 0 1 0 0 1 Stein (1973)

Gymnocanthus herzensteini 1 1 1 1 0 1 0 0 1 1 0 1 1 0 0 1 Kyshin (1970)

Alcichthys alcicornis 0 1 1 1 1 1 0 1 1 1 0 1 1 0 0 1 Okiyama (2014)

Furcina ishikawae 0 1 1 1 0 1 0 0 0 0 0 0 1 1 0 1 Okiyama (2014)

Ocynectes maschalis 1 1 1 0 0 1 1 1 1 1 0 0 1 0 0 1 Okiyama (2014)

Pseudoblennius marmoratus 0 0 1 1 0 1 1 0 0 1 0 0 1 0 0 1 Sado et al. (2005)

Icelinus japonicus 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 Okiyama (2014)

Astrocottus matsubarae 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 Okiyama (2014)

Cottus pollux 0 0 0 0 1 1 0 1 1 0 0 0 1 0 0 1 Kurawaka (1976)

Trachidermus fasciatus 0 0 0 0 0 1 0 1 0 0 0 1 1 0 0 0 Takeshita et al. (1997)

0 Absent; 1 Present

Table 2 Fin rays, head spines, and head cirri development in Porocottus leptosomus

Elements Yolk-sac larvae Preflexion larvae Body length (mni) Flexion larvae Postflexion larvae Juvenile

3.9 5.5 6.2 9.5 10.8 11.8 12.4 16.5

Fin rays

Dorsal-fin rays VI, 16 VII, 17 VII, 18 VII, 18 VII, 18

Anal-fin rays 12 13 12 12 14

Pectoral-fin rays 11 14 14 15 15

Pelvic-fin rays Bud Incipient I,2 I,3 I,3

Caudal-fin rays w.anlage 10 12 13 15 15

Head spines

Parietal spine O O O O O

Preopercular spine 2 4 4 4 4b 4b 4b 4b

Head cirri

Supraocular cirri Bud Incipient O O

w Indicates weak; b Indicates bicuspid
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four in P. allisi), notochord flexion (at 10 mm TL in P.
leptosomus vs. at 8.2 mm TL in P. allisi), melanophore
pattern (no melanophores on lateral trunk in P. leptoso-
mus vs. melanophores on lateral trunk in P. allisi), pelvic
fin development (buds at 10.3 mm TL, complete at 13
mm TL in P. leptosomus vs. buds at 13 mm TL,
complete at 16 mm TL in P. allisi), caudal fin develop-
ment (first appear at 7 mm TL, separate other fins at 13
mm TL in P. leptosomus vs. first appear at 9.5 mm TL,
separate other fins between 16.8 and 20.3 mm TL in P.
allisi), the occurrence of larval fish in Busan (from Janu-
ary in P. leptosomus vs. March and April in P. allisi)
(Han and Kim 1997; Okiyama 2014; Figs. 4 and 5).
Sculpins are known to display high site fidelity as

adults and produce demersal eggs, so gene flow is medi-
ated only through the larvae (Matarese et al. 1989;
Yoshiyama et al. 1992; Ramon 2007; Kendall Jr. 2011;
Knope 2013). However, the larvae of intertidal species
are generally only found near shore and population gen-
etic studies have found low to moderate levels of gene
flow among populations (Marliave 1986; Waples 1987;
Ramon 2007). According to Choi and Yang (2008) and
Choi et al. (2008), Chinese P. leptosomus can be distin-
guished from the original description in the count of
dorsal fin rays (16 rays in Chinese P. leptosomus vs.
18~19 rays in the specimens of holotype and paratypes)
(Muto et al. 2002). P. leptosomus population around
Korea and China will be divided into two groups and be
genetically different from each other. So we need to
check Chinese specimens and to reveal the phylogenetic
relationship by morphological and molecular analyses.

Conclusions
The larvae and juveniles of Porocottus leptosomus be-
longing to the family Cottidae were collected from Bu-
san, Korea. The larvae and juvenile of P. leptosomus
were identified using DNA barcoding as P. leptosomus.
The yolk-sac larvae (3.9–5.6 mm BL) body was slightly
compressed, head was large, eye was round and large,
and anus was before the middle of the body. The pre-
flexion larvae (5.2–10.0 mm BL) body length drastically
increased. The flexion larvae (9.4–11.8 mm BL) dorsal,

pectoral, and anal fin rays began to occur; pelvic fin buds
are seen; they possessed a pair of parietal spine; and a
pair of supraocular cirri was first to develop. At 12mm
BL, the notochord was completely flexed. The larva
stage (3.9–12.6 mm SL) had the stellate melanophores in
the head, isthmus, gut, and tail (along to the ventral
midline). During the juvenile stage (11.4–16.5 mm BL),
melanophores covered the head and began to form five
black bands on the side of the body. P. leptosomus can
be distinguished from P. allisi by morphological devel-
opment and the occurrence of larval fish: preopercular
spine development, melanophores pattern, caudal fin
development.
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