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ABSTRACT Samples were obtained from broodstok in May, 2010, while naturally fertilized embryos
were maintained, and the process of skeletal development was observed from larvae and juvenile.
Prelarvae immediately after hatching showed an average total length of 6.85+0.63 mm (n=5),
Premaxillary and dentary were ossified, parasphenoid was ossified in the cranium, and centrum and
caudal bone did not ossify. Prelarvae showed ossification with maxillary, articular, and epihyal, and
branchiostegal rays of hyoid arch were ossified at 2 to 3 days after hatching with an average total
length of 7.25+0.28 mm (n=5). The vertebrae began to ossify in the direction of the tail, and neural
spine began to ossify above the ossified vertebra. Postlarvae showed ossification of lateral ethmoid,
alisphenoid, parietal, and caudal skeleton in the cranium when the average total length was 9.00+1.53
mm (n=5) in 6 days after hatching. At 40 days after hatching, postlarvae ossified maxillary in the
cranium, and ossified endopterygoid and ectopterygoid, etc. in the palate, when the average length of
23.3+0.28 mm (n=5). At 120 days after hatching, with the average length was 37.5+2.83 mm (n=5),
caudal skeleton had one additional epural bone ossification, resulting in ossification of a total of 3
epural bone to complete ossification of all spicules.
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AR (Coreoperca herzi)+= 5915 (Perciformes) 2 A 7}
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A7t A2 gastal ok 22 W FAAANA Az
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al., 1998).

AR o 7o e AFERE= AAEAH 9 27|AEA ¢
BA AA7) (C. kawamebari)] & A} (Imai and Nakahara,
1957), St=2AF A A7) 9] AbgEA 9D 27| AL (Han et al.,
2000), 2&7}2] (Siniperca scherzeri)®] Z7|ZAF(Lee et al.,
1997; Lee et al., 1998) ¥ A} x]o] ZAED (Myoung et al.,
2001) 5] 977} ol 2ol g,
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RAS B F A 2706 s 2Zol4e gAdtn
A A=t 47 0|1 (Koumoundouros et al., 1997a, b), 5]
719] AT EFA 7|22 S ATt qlof o] &opof| gt
77} s}t (Mook, 1977; Potthoff et al., 1987; Potthoff et
al., 1988; Potthoff and Tellock, 1993; Liu, 2001; Sfakianakis et
al., 2004; Coban et al., 2009). =3+ ZZo]7F 9] 27|LSTHA
% FHHsts Hol7led F¥5E ol TEste F7|Rto oA
Aol7lol 74 2A Qolut o] A7]e] FALEE HYAe
et 31 JEe Ao WIS 2 Fotoh ot FE
< YA Mook, 1977; Kohno et al., 1983; Myoung et al.,

2001).
AAE HIRT 22 3 o7 AAY, 2712 2 A4l
F9E A7IHA s, A7) ols B4 9 doThEe]

Ask Aoz d#HA Qo (Han et al., 1998, 2000; Myoung et
al.,2001). 53] AA= G| BF F557] AREH Ho|&
= AEst, 371Rk0] AlZIRE A ke 27] Aolz F
N 71g0] AST Sick oleld AN FRAA 24
F AolgAolA cagel dAf flo] Hol, FARALE A
stof 7Rt AolE A A= ofm|dE, Hol & A
=273 SolA EAEE 54 ol didt 7|xA=7F 2a%
Aoltt. wetA & AtolA= AR dSTAE HWEFH
st AYY (e ARy SR £75HE

o) 7|2ARE olgstur} Bt

e px M

ERTETE

1. XR|0] A=

3 ATo] LS E AR 20109 5 AHE Foldl ojn|
g A4t @ TS dHste . Aesid F H3et
Aol AgSHHA Ao AHESHATH £33t Zfol= PVC AMZ
222 (100X 100 x50 cm)oll A 48 2 ARSI T, AFS-S5
ST frloR Fegon, 48717 54 S8 B3
= 21.0~23.0°C(H 220+1.0°C)E FAAA F3. 2K
ol9] Yol B3} AT HE [5U7A| Artemia sp. nauplius -
A& mL g 3~570A] A= FF8HHL, 1687 30L7H4] 4
okl ARH O] (Limnodrilus gotoiys ¥33tH2H, 30 ©]
SREE Ws AEY (Blood warm Hikari, Japan)2} Hi Ak
& (Love larva, Japan)g& &3 3333t

Add 14E FEelr] A8 23 AFRE 120871X
4~59 71AS =2 sutE]lE B9 R 59 54 =2 14
th. AEZ5 Zx]o]+= Walker and Kimmel (2007)9] o] ¢

ZX| Xtxjoje] AL 33

GAIEH 1, KOH 0.1%2}F Glycerol 50%°] 2&

3t 2kx] o] A A # |7 (Nikon SMZ800, Japan)
w2 9 2AFS e, 249 7 7o B3
2 Kendall (1991), Okiyama (1988)°] @2 Byun et al.(2012),
Kang et al. (2012)Z 918353 th.

2 o

A A o) FAYYD AL o5} 2ok (Figs. 1, 2;
Tables 1~3). 53} 2| 59] A7|&poj= AR 6.45~7.34 (B
6.85+0.63) mm(n=5)2 WS 723 UYL, Aol 5t
#H =] S8E TS A= (premaxillary) it off g
o A A2 (dentary)e] Fekeson, TR 714
@8t FAZ (parasphenoid)o] E3etitt. AFE42 F
A (notochord) 2.2 o]F0 & 91%laL, 34 (centrum)} ]
=37 A dojubA] Qg vl R-E/dE (urostyle)©]
FEE oA 7] AZSI o, Aol AR A
(clavicle)o] Z3}5}7] AJ&sGiTh. o] Al7]oll= He|A| =g
oA Hz= 9719 £717F FEstr] AlAFST(Fig. 1A).

13} 2~39 F A% 7.00~7.40(F 7 7.25+£0.28) mm(n=>5)
o wf A7|Aoj= QE ol F4E (maxillary)o] E3F6FlL,
ol glol= WA (articular)o] ZIsIPoH, AFHo= A
X (epihyal)Z} 37]¢] AjZF (branchiostegal rays)o| =3}3}
Aok A F o= Aot (hyomandibular), <2 (sympletic)
o] Z3}st L, FAE = 71 A FFZ (basioccipital), H]
= (nasal), £ %ol NE (frontal), AoZ HFol| Holx
(sphenotic), 9] 0] (pterotic)©] =35+t A7 o= A
Z (preopercle), M 7N = (opercle)©] Z3}sH AL, 2= o}
HEo|X 3154 Z (ventral post cleithrum)o] Z3}5}7] A|&}s}
Aot A 32T 8719 E3Z (abdominal vertebrae)o] 2|
Foz Iosh7] AL, 23 AEEY fFol= 4AF
= (neural spine)°] Z3}5t7] AJAtstglon, zF ol A=g
o] g SR 1174, RRA =] 879 £7]7} TEst
7] A&stSich(Fig. 1B).

235t 6d & HA 7.94~10.1 (B4 9.00+1.53) mm (n=5)
d o )7kl FAZ FAHE (lateral ethmoid), ¢4
Z (alisphenoid), l=& & (parietal), 2 ©]& (prootic), Ao]=
(epiotic) ¥ A FF (supraoccipital)©] ZF3FR L, oHet
Hol= ¢HAE (preorbital =lucrymal), A3 Fol= 24
(ceratohyal) @ 7H4Z (interhyal)o] &3}l oW, 17| H = o}
o) Z+Z (angular) @ A7fFof SHAH7HE (subopercle)©] =
gletiet. njEE v RgAZo] ATRE 45° HA 235G
i, oA ot E o 2= 2719 3tu] S (hypural bone) Tt
17§ €] £3}u]&Z (parhypural bone)©] Z3}517] Al&814itt.
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Fig. 1. Development stage of prelarvae and postlarvae of skeleton in
Coreoperca herzi. A: Newly hatched larva, 6.85 mm in total length
(TL); B: 2~3 days after hatching, 7.25 mm in TL; C: 6 days after
hatching, 9.00 mm in TL. af: anal fin, al: alisphenoid, an: angular, ar:
articular, av: abdominal vertebrae, bac: basioccipital, brs: branchios-
tegal rays, ch: ceratohyal, cl: clavicle, cf: caudal fin, d: dentary, df:
dorsal fin, eh: epihyal, epi: epiotic, fr: frontal, hm: hyomandibular, hs:
hemal spine, hy: hypural bone, ih: interhyal, ihs: interhemal spine, le:
lateral ethmoid, mx: maxillary, na: nasal, ns: neural spine, op: oper-
cle, pa: parasphenoid, par: parietal, ph: parhypural bone, pmx: pre-
maxillary, pop: preopercle, pr: prootic, preo: preorbital =lucrymal, pt:
pterotic, sp: sphenotic, scl: supracleithrum, soc: supraoccipital, sop:
subopercle, sy: sympletic, us: urostyle, vpcl: ventral post cleithrum.
Scale bars=1.0 mm.

At Fols & AdFol A= (supracleithrum)o] =
getgar, AFEE 302 Frtstgl e, ool
= (hemal spine), R A =& u] ¢Zo= 7 (interhemal
spine)o] Z3}517] A|ZSGIth. o] A]7]9] B R =g u|o&
F4E7] (procurrent)7} FJ = 7] A&kt (Fig. 10).

H3} 15~16% F A% 12.5~13.9(F ¢ 13.0+£0.99) mm(n=
5)E W F7IRkols FAE FFE (exoccipital) R FO]
Z (opisthotic)o] Z3FetR L, 7 F = WE (quadrate), A
o= st (hypohyal), EEo] 7HZ F7tstdlen, ket
Foj& <Fsl& (suborbital), A 7H o= ZEAI7HE (interopercle)
o] Z3sllch FtEY EF Adole AF4AE (supr-

amaxillary)o] Z3Fe} L, &2 2709 stu|&EEo| 712 =

(A)

P 7P £ 5 ’ )
g 77777 7>

Fig. 2. Development stage of postlarvae and juveniles of skeleton
in Coreoperca herzi. A: 15~16 days after hatching, 13.0 mm in total
length (TL); B: 40 days after hatching, 23.3 mm in TL; C: 120 days
after hatching, 37.5 mm in TL. a: actinost, bas: basisphenoid, cdp:
caudal bony plate, cr: coracoid, dpcl: dorsal post cleithrum, ecp: ec-
topterygoid, ep: epural bone, enp: endopterygoid, exo: exoccipital, h:
hypohyal, ins: interneural spine, iop: interopercle, me: mesethmoid,
mp: metapterygoid, opi: opisthotic, pal: palatine, pel: pelvic bone,
pos: posttemporal, pp: parapophysis, q: quadrate, r: rib, sc: scapula,
sor: suborbital, smx: supramaxillary, spt: supraposttemporal, uro:
uroneural, v: vomer. Scale bars =1.0 mm.

3lel A o] A]7]19] stulEE = 4WAT. AdjRol= A%
& (dorsal post cleithrum)©] Z3}51F 1, WA =& u]E XX
3= Qo= Q) E (pelvic bone)o] Z3}517] Al&sH% Tt
SA=gu]ol= A7 7F= (interneural spine)©] =3}5}7] A%}
SR, B3 ot Zo= ZE7] (parapophysis)7} 3513
o, mEA=Yul9 &7] £+ 15~167]2 L4t} (Fig.
2A).

3} 409 & A 22.1~225(F 7 233£0.28) mm (n=5)
A off &7]|&} o= FAE ] FARE (mesethmoid), 7R W
QA& (endopterygoid), 2] AZ (ectopterygoid), A4
(metapterygoid), T7l1& (palatine)©] Z3}sttt. v|&L w]F
BAE &0 2 2719 Au]EZ (epural bone)o] Z3}5}7] Al
ZhetaL, ot Zoll= 1709] stu|SEo] F7t= 235t A o]
A719] s EE = £ 57T

A H= 4SFZ (supraposttemporal) ¥ FZFF (post-
temporal)©] =33} 1, AZFE (scapula), L F|F (coracoid) 2
AFEE (actinost)©] E3}lom, AREL YARFLRE 4747}



Table 1. The developmental process of cranium and orbital region of Coreoperca herzi

35

2x| KHxlofe] B

Days after hatching 0

2

6

10

15

20

30

40

50 60 120

Total length (mm) 6.85

7.25

9.00

12.0

13.0

14.1

182

233

259 293 375

Parasphenoid
Basioccipital
Nasal

Frontal
Sphenotic
Pterotic
Lateral ethmoid
Alisphenoid
Parietal
Prootic
Epiotic
Supraoccipital
Exoccipital
Opisthotic
Mesethmoid
Basisphenoid
Vomer

Cranium

Preorbital
Suborbital

Orbital
region

Table 2. The developmental process of caudal skeleton, shoulder girdle and vertebrae of Coreoperca herzi

Days after hatching

0

2

6

10

15

20

30

40 50 60 120

Total length (mm)

6.85

725

9.00

12.0

130

14.1

18.2

233 259 293 375

Urostyle
Procurrent
Hypural bone
Ist~2nd
3th~4th
Sth
Parhypural bone
Epural bone
Ist~2nd
3th
Caudal bony plate
Uroneural

Caudal
skeleton

Clavicle

Ventral post cleithrum
Supracleithrum
Dorsal post cleithrum
Pelvic bone
Supraposttemporal
Posttemporal

Scapula

Coracoid

Actinost

Shoulder
girdle

Notochord
Neural spine
Hemal spine
Parapophysis
Interhemal spine
Interneural spine
Rib

Vertebrae
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Table 3. The developmental process of visceral skeleton of Coreoperca herzi

Days after hatching 0 2

10 15 20 30 40 50 60 120

Total length (mm) 6.85 7.25

12.0 13.0 14.1 182 233 259 293 375

Premaxillary

Maxillary
Supramaxillary

Upper jaw

Dentary

Articular
Angular

Lower jaw

Epihyal

Branchiostegal rays
Ceratohyal
Interhyal

Hypohyal

Hyoid arch

Visceral

skeleton Hyomandibular

Sympletic
Angular
Quadrate
Endopterygoid
Ectopterygoid
Metapterygoid
Palatine

Palate

Preopercle

Opercle
Subopercle
Interopercle

Opercular

stgich #3228 2222 uet 6719 52 (rib)e] 2o
2 7 & SR 32 137,
2n) 3 1

4o
T
N
2
g m
a
0N

Z 370, 4= 87K, WA =
AR 52 = ]'31‘9&"’1‘(1:1:% 2B).

A% 36.0~40.0 (B 37.5+2.83) mm
n=54¢ 4 Hol= FfZof 7]A I (basisphenoid)T} A=
(vomer)©] E3}stHA FREZAY T3t SR HUY. vF
< U1 AulEEo] F7t2 Z3EHUA F 379 ArSEo]
3L, Al RA S-S v RedE Abolole nEw
(caudal bony plate)o] Z3}st¢lom, thAl WA stu| &3} v
BB Aol A7 F (uroneural)o] Z3FSHHA RE 29

So) 237} 94 = Ak (Fig. 20).

-]
1]

B3l A ZAd] 2EF ukdh

21 © 1 (Koumoundouros et al.,
ojFof FAE A=gjn|o T
o] TAEY dojut olFi R} ofFo] THY ko] A%
He Aoz d8A & F& AR £33t (Kendall et al.,
1984; Matsuoka, 1985; Koumoundouros et al., 1997b, 2001a,

2001a), 5015

rr
T 411

2001b; Faustion and Power, 1999; Sfakianakis et al., 2004,

o}
o]=01 MEX| Phoxinus oxycephalus (Han and Noh,
2001 FAZo] Hx2 I, olF YT FE E 7]
AT EZo] sttt Fo & o7 HEol Lateolabrax
maculatus (Kang et al., 2012)= AG|F9] HZo| Hx=2 Z3}
S, BB FAE, WALE, o] Folo] Bakslal
oy Aol Seriola dumerili (Liu, 2001)= AAFelZ, FAMe)
Z, A, ANANE, FAMNET @A dHE, AE Fol 238t
d];]- &Hgo].ﬂ 0120
al., 1997)9} H244)0] S. tertius (Han et al., 2001)b ==
o] RAE, o= ¢ AFY HZo] WA 3L, FHE
2} Sebastes oblongus (Byun et al., 2012)2 FH&9] dF, =
R, 2ok, AdRel 42 Fol WA EIIgon, wet
S. inermis(Kim et al., 1993) ¥ Zuj&2} . schlegelii (Kim and
Han, 1991)2 oFZ3} AdjF9f HTo] WA Z3tstict. HH|
=X} o] &0l AW =etX] Entomacrodus stellifer lighti
(Kim et al., 1992)= #E3 FAETo] AA S8R, o] F
ot-Fo| F3}slglon, Bol& o|F £8 Tukifugu pardalis
(Han et al., 2005)2 F4Z, oF&, 1 Zo] Al Z3Fat4ict

k

| &8 0] Sebastiscus marmoratus (Kim et



BEol1t o) FQl u|BGWE Chaenogobius laevis (Kim and
Han, 1989)2 #=1} g, A3 79| fghZo] Z3lsto] ofF
HE e SAUE S YERTH

g olE F9 FEA EJLr 9& A= gE0]
HA st ole Aolet 3 Zad Fast 48
22X TS} LA Z dojys K o|n (Vandewalle er
al.. 1997), 9] AT} Aol
A A o= HFo] S8 JEE 17| & o]tk (Wagemans and
Vandewalle, 1999).

AA = 7HEA=guE AA s AdE 24 5 A0=
o 2 2% AF (foramen) 1717} A== o= &
5 o7 AFAQ FE=2 A 3tk (Koumoundouros et
al., 2001b). AX = FHA% 233 mm% ©f ArZo] Fo]
HHEHAUL, o)A AEo| FHo] FAHE olF+= T
£ o]&Ql ¥ Pagrus major (Matsuoka, 1987), 35 Dentex
tumifrons (Koumoundouros et al., 2001b), A2]& 5 (Emery,
1973)0 A Yepsten, d50] (Kang er al., 2012)9] ¢ Azt
2o 790] BRE T LABINE AF (forameno] FH=Y
O AL B Hof Holg ngrh WolR ofRe &
Wo] (Kim et al., 1997), F-241 0] (Han et al., 2001), 239 &2}
(Kim and Han, 1991), 32X & o}&F<Q AHAGA] Cheilopogon
heterurus doederleini (Dasilao and Yamaoka, 1998), o] & o]
91 Balistes capriscus (Matsuura and Katsuragawa, 1984) &

2 ERTANE UL Aoz Hol ol o R of
e BE olRold diHon JAsE ARN $UE B

7]1%°] sternohyoideus muscle<

2

£
SAl0] B, ol T AYL FEE Byun
et al., 2012), B2 (Kim et al., 1993), 23 &2 (Kim and Han,
1991), H-2£4 o] (Han et al., 2001), &8 o] (Kim et al., 1997),
5] (Kang et al., 2012), ER| Prognichthys agoo (Park and
Kim, 1987) ¥ 549} Epinephelus septemfasciatus (Park et al.,
2015b) oA Uebt A9 3 W S Zpolrt gle AL
Z wdEt AR s FA7F 233§ el S3HE
I, AT @S2 FA7E S3tehEA dgstgih o gt
%S BT o7 /0] (Park er al., 2015b)9 =ALE
I GARFA AL, A3 Porocottus tentaculatus (Han and Kim,
1997), - E2 (Byun et al., 2012), B T. niphobles (Fujita,
1992), BX| Cololabis saira (Fujita and Oozeki, 1994) ¥ H&
o} (Kang et al., 2012), H53] (Han and Noh, 2001) 5-& 4|7}
HE Z357] A n|RgaE) 237t AlFE ] Aol BYL
o, 33|82} S. koreanus (Park et al., 2015a), 352 (Byun
et al.,2012), B9 (Fujita, 1992), ¥-A] (Fujita and Oozeki, 1994)

ZX| Xtx|joje] AL 37

L 37 B3] A AFTR Bude B3bh Aol
chape ZAWY AL ehhlc
A= H

= )
gul o] W2 Ao FA=u|7t WeEH7| oA
< Lau|e} AR =Hu|zt dA AEstr] AEst

o] Fol&E o]F] YRt W Hfog dEA ot
(Johnson, 1984; Faustino and Power, 1999). AA|+= A9 5
ALgjn|7t YgE7] o] T FA=u|et AR =
o) 7b Wkl AP A FojF o] f 9 A=gu] Uy F
BEEth B3 AuE A= @71EY 3= A=
7h AP EHA o]RojH L, T340 I oA o g
AP G752 49 ZZ0] SAFHE o|Fof 3t &
FEQA, Yo Cyprinus carpio (Itazawa, 1963), & (Kohno
et al., 1983), 7H=A] Channa argus (Itazawa, 1963)9| A 72
S BYon, 4559 I3} A=gn|9 £7] Wdo| &
AE Fo] 27159 3 SEHE AL AF7 f95k=d
Qo] FAYE F7HA7I= A Bl Sle 2SR Ho Zo
(Lee et al.,2001).

47} (Myoung et al., 2001)2} 54 o] (Park et al., 2015b)2]
SALE s Agoli THor &A4A ddo] UYL,
deole A - 39 SA=u|e R =gu]7t FA9 &
sty zJolE R ATt Pagellus erythrinus (Sfakianakis et al.,
2004)= AT SHo|A E37t AlZtEo] o] A, Swt
oA AAHF F37t FAlol o|FF L, Diplodus puntazzo
(Sfakianakis et al., 2005) ¥ Diplodus sargus (Komoundouros
et al.,2001a)y= AZS 8= 37 A, T4 A
SAlo] o]Fo]Hom, ZHE (Matsuoka, 1985)S A4 =1 d
=9 Z3t SAl A=Y AT He A, e =3
7F XdYH o] F¢ HoE I3 JYE o oFTHEE T
g 23S YERith

B Ao E AA st vERY FL AR B4A
6.85mm¥ o wFE4E0 3= PR ke
HE gl $joiA|7] AZsHATE B 9.00 mmY
TS 45°2 48] SR A I3t A=A
n &5 FoEAQ s F
4+5)0] =] A 2749 sHEHES 3

Zol AX Y suEE FAFH T2 FFE 2ol
T 2L I o7 279t A7) (Park, 2001), o]
 (Kohno, 1997; Liu, 2001)°1A & 4= Uit o] gJo= &
‘g0l (Park er al., 2015b)= &3 F @A 3719 su&=
(1+2,34+5)°] FAEJ, 832 Hyporhamphus sajori
(Lee ef al., 2001)%} 422k Byun er al., 2012) 3] &2
(1+23+4.5)°0] 934 37 et 7ol th=A Uett 2ol
£ E3ith ofFuitt thekdt shn &2 A A
A9 71 2ARZA w9 Fastrhal THE 09 o] of
7o sjFetA HEs FARSTS Aoy AEehE fopof

&2 O



74
=]

38

ro

fol

CHIEE LRSS . RS - 4

A 8 ARE Z8E 5 jlom, AR oY AT 1Ay
FTHRALNA EAZE =3 e 718 DA dls &
Aaled) £83 7|22 9 4 9long g3 o] Hopol 7
&2 A7t Bad Aog AY7HE

flo

4

&

o OF
i) -

20109 5% 4% 590 Aol Re At @ £AHTE

U5he F RohE AXol ARSEA wguAd] ne 2
Zurgs A By

& B 434 17 W
3 mm(n=

U] oottt 13} 2~3U T W A% 7.25£0.28 mm (n=5)
o o A7|Rfols FAAGE, HEZo| FEtA L, AR A
I AfxZol Fettt. A5 nPFe R Z3st

7] NZBHE AL, Z3HE HE2Z 9 Y Fol= 4l

AlZbeteh 23) 6d & FFAF 9.00+1.53 mm(n=>5)%
F7\&ole FAE AR, AdE, =E Fol S35
0] Z22 n|REEATZo] AR E 450 WA Z3}stgh 13

AEol AR, 7Rl W, gd=
3} 1209 & HFAF 3754283 mmn =52 @ o= m
2 ArEEo] F7t2 Z3EHA F 3719 ArE=
Z3tHA BE ZHEY 3 S = A
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