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Osteological Development of the Larvae and Juveniles in Aucha Perch
Coreoperca kawamebari (Perciformes: Centropomidae) in Korea
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Samples were obtained from broodstork in May, 1998, while naturally fertilized embryos were maintained and
the process of skeletal development was observed from larvae and juveniles. Prelarvae immediately after hatching
showed an average total length of 5.38+0.41 mm (n=10), 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 5 days after hatching with an average total
length of 6.40+0.39 mm (n=10). 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, parietal, and caudal skeleton in
the cranium when the average total length was 7.3040.12 mm (n=10) in 8 days after hatching. At 22 days after hatch-
ing, postlarvae ossified maxillary in the cranium, and ossified endopterygoid and ectopterygoid, etc. in the palate,
when the average length of 11.1£1.27 mm (n=10). At 32 days after hatching, with the average length was 12.8£1.97
mm (n=10), 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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A7 skl Elo] 1L 47} 3 5] o5 Gl Agelch
2hA 2 RAE AR TS ] 918 20124 %S
50| B(Perciformes) 2 7]op 5 AR [0 X 45}e] 15511 QITHNIBR, 2018),

&= olFE AAR7]o Higt A= AEAd W 27142 A Han et al.,

M OE

AR 7|(Coreoperca kawamebari)+=
A 2K Centropomidae) 2 R|<5(Coreoperca)©ll

S|t A7 S ulEe AR(C. herzi) 250] BEFIT}
(Kim et al., 2005). A| *Wt E9 350] g1, ujtto| 2}z
3} So| AFglon], 227} gl 2 Alstul, Sl A
HohE BEL sha Fo e Sest shde] A4t

3 S0 A4sHE Ao
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gl AEQ @ O] 83517 AR
T BRs= Ao "EPE%XII QJTH(Kim and Park, 2002; Kim et
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2000), &3 9 o 7472 (Kim et al.,, 2013) 5o] =[]
OoupZA tigh 7| 2AbRE FERE Aolm, 2 To &5}
+ Z*|(Han et al., 2017) W 27}2|(Siniperca scherzeri, My-
oung et al., 2001) 5l Tl A= A2 of AT A5 F3f

P efoll thet &73H4] Afol & Eheldt 4= AlSlch

Apz| o] Ao ek AT A AL FAHIAT I T A
Sz7]0] WS 49 oS FAIskL AlAsH=t T4
Z o] (Koumoundouros et al., 1997a, b), §-017]2] AEEF
o1 7129 A& AlFskaL Qo o] Zofof| gt H+t7F &S
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tH(Mook, 1977; Potthoff et al., 1987; Potthoff et al., 1988; Pot-
thoff and Tellock, 1993; Liu, 2001; Sfakianakis et al., 2004;
Coban et al., 2009).

AR 7= 22 & o7l AR} AL AR AL, =
9] A7), A B S48l oA Aol & U S¢to =
E5o7] thar ojgo] 3l& 4+ YITH(Kim et al., 2005). w2t
A o] dAtoll A= AR 7] Apx| ol o] e A ZAUd 1Y
2 PAHe] F HES 913 7124 SRl o] fAET
of Aol e WAl T, F FHL % ERA A7 ARE A
FatiA g,

Ao AHE AR = BEA7IOMYSAE T2 R A4
=]7] %<1 1998 297 E 697HA] A Agtol] $Aeh
27 AP ol A BHEE o]gste] oulE QY & AFARE
SHEFAAL, ARSE2(90 X 45 % 30 cm)ol| 4] HEfshd F 5
73 ofm| (37 8.0 cm, n=1)2 5 AbgkE =g 700-7507H(
Bt 73071)E 2Esto] Asth FoHE Aol =2 18.6-
22.0C (B4 20.3+£2.40C) HYolA #eletgla, Hole
o A= S HE Artemia sp. nauplius 7482 mLY 2-374
A A FEsklaL, 2072 o|sYstHA R E AFA 07 by
AR E FEEH A= AUHARE ol gal =%t
o THA] 0 & ARSSF AL, AR 1Y 13] 50%4) &= Al

31k

=R

BAABNS 95 Aol 23} 2508 H]o]7| 2 o|Yal]
7K 4-54 ZHA S 2 100H] 4] 10% $A4 228 14 &
st B o] AE2 2010d Aok 4
A Ao A Walker and Kimmel (2007)2] |5 AHHH -2

AHgBEglon, AE 22| ol AA % u] % (Nikon SMZ800,
Japan)g o|g3lo] W W AAEGOon, FA9] 7}k B
-2 Kendall (1991), Okiyama (1988), Byun et al. (2012),
Kang et al. (2012) 918314t

2 o

ZAA 7] AR 0|9 Y IS o Zokeh(Fig. 1, 2;
Table 1-Table 3). 73} 25-9] 77| #pof= 24 5.09-5.68 (3
7+ 5384041, n=10) mm= 7} o]

72 ek, FAZelE 714 E

noid)o] Zestal, Aol7)%s AeS sh= SE 9 Al
(premaxillary), oF2l€ ol %] Z(dentary)o] &3}5}7] Al2F5}%
o, Adjoll= HlZo] Z3tetolct. 252k 4 (centrum)=
Z3}s}A] 9Foral, A M(notochord) 0. & o] Fo]A glglom, 17

)

pmx

Fig. 1. Devleopment stage of prelarvae and postlarvae of skeleton
in aucha perch Coreoperca kawamebari. A: Newly hatched larva,
5.38 mm in total length (TL); B: 5 days after hatching, 6.40 mm in
TL; C: 8 days after hatching, 7.30 mm in TL. af, anal fin; al, ali-
sphenoid; an, angular; ar, articular; av, abdominal vertebrae; bac,
basioccipital; brs, branchiostegal rays; ch, ceratohyal; cl, clavicle;
cf, caudal fin; d, dentary; df, dorsal fin; eh, epihyal; epi, epiotic;
fr, frontal; hm, hyomandibular; hs, hemal spine; ih, interhyal; le,
lateral ethmoid; mx, maxillary; na, nasal; ns, neural spine; op,
opercle; pa, parasphenoid; par, parietal; pmx, premaxillary; pop,
preopercle; pr, prootic; preo, preorbital=lucrymal; pt, pterotic; sp,
sphenotic; scl, supracleithrum; soc, supraoccipital; sop, suboper-
cle; sor, suborbital; sy, sympletic; us, urostyle; vpcl, ventral post
cleithrum. Scale bars=1.0 mm.

2] o] nl = 4577 FjofA Qlolet meE|x| =g n|ofi= 10-12
7Hol £7171 B =l Ach(Fig. 1A).

3} 3 54 S 2ol = A 6.12-6.68 (Bt 6.40+0.39)
mmE &R e =7} =911, wol 5 A Hshe Alo]
HE ek SEolls F4delE(maxillary)o] Z3sRlar, 0
Holl= Aotz (hyomandibular), <4-Z(sympletic), o} &l <]
L (articular)o] ZFelgon], 3] A}dI(epihyal)
3} 47)9] M|z (branchiostegal rays)o| =3}alct. FoHE
2 7)A & FH(basioccipital) T} 2] $Zof N (frontal), A
o] Z(sphenotic), ¢]o]Z(pterotic)o] H3}5FH L, FArHE 9]
Zolli= H]F(nasal)o] S3tst . A7HR-oll= A7 (oper-
cle)o] =331, j=9] ofgfiFol= st54f=(ventral post
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Fig. 2. Development stage of postlarvae and juveniles of skeleton
in aucha perch Coreoperca kawamebari. A: 17 days after hatching,
9.07 mm in total length (TL); B: 22 days after hatching, 11.1 mm
in TL; C: 32 days after hatching, 12.8 mm in TL. a, actinost; bas,
basisphenoid; cdp, caudal bony plate; cr, coracoid; dpcl, dorsal
post cleithrum; ecp, ectopterygoid; ep, epural bone; enp, endopter-
ygoid; exo, exoccipital; h, hypohyal; hy, hypural bone; ihs, inter-
hemal spine; ins, interneural spine; iop, interopercle; me, meseth-
moid; mp, metapterygoid; opi, opisthotic; pal, palatine; pel, pelvic
bone; ph, parhypural bone; pos, posttemporal; pp, parapophysis; q,
quadrate; r, rib; sc, scapula; smx, supramaxillary; spt, suprapost-
temporal; uro, uroneural; v, vomer; vf, ventral fin. Scale bars=1.0
mm.

cleithrum)o] =355 0.0, Folli= 157]19] H5-=(abdomi-
nal vertebrae) 2} 91Z-oll:= 4174 =(neural spine)°| Z3}5}7] A]
215191 tHFig. 1B).

78} 5 8UA F7I Aol = % 7.22-7.39 (Bt 7.30+0.12)
mm& F7jE9] Ad-Fof= ZAlE(lateral ethmoid)o] &2}5}
R, FHERo]| o] (alisphenoid), =7 Z(parietal), Ho]Z
(prootic), ‘] (epiotic), - (supraoccipital)o] =2}s}
§om, ekl o= QHA-Z(preorbital=lucrymal), 15} (sub-
orbital)o] =3}5}{th. 5 F-olli= Z1/dZ(ceratohyal), 7Hd =
(interhyal)o] E3}5F31 1L, FL71 5ol = o2&l of| Zt=(angular)
o] =3}l o, M7HF-] M7= (preopercle)t A 7=
ool 5FA) 7] (subopercle)o] E3}5}5t}. ZZol= 127]9]

u] o] Tfste AL, ot Zof = d 3= (hemal spine)©] T}k
|ZFstgl o, me] Eoll= v]HgAdS(urostyle)o] Z3}

FEoll= 95 FZ(exoccipital), $-0|Z(opisthotic)o] =
shstglon, 7ol WE(quadrate), ol sHE=
(hypohyal)o] =3}ttt A7iF-oll= ZEA 7l & (interopercle)
o] Z3ISIAAL, Tt & & Addiol= AdadetE(su-
pramaxillary)o| Z3}sFATE AF2-2 11+1871, 5 29712 5
7FebRiaL, mlEiolle vl e ofefEol &5tn] S (par-
hypural bone) 17§12} 5t S-Z(hypural bone) 3717} Z3}s}31
1, SA = gu| 9} B2 g u| & X 2| 51= 417 7F(interneural
spine)?} &7 H(interhemal spine)o] =351t Ao
= A% & (dorsal post cleithrum)o] &35} L, B A =2 u]
(ventral fin)=27] 9] &7|7} FA = 3o, Eoll= A A2 4
Q= a2t (pelvic bone)o] Z3}sFH thFig. 2A).

28} 5 20AA) 7| 2pol= AR 10.2-12.0 (Bt 11.1+1.27)
mmz F7Eoll = AR (mesethmoid)o] =315+ 1, 175
o= W] AtE(endopterygoid), 2] 2AFE(ectopterygoid), -
A (metapterygoid) W -7HE(palatine)o] Z3}5}%i Tt 1
ol A= ml RS Alolol] 27]9] Zdm] S (epural
bone)} ol ol stul &2 2747} 2712 Bt At
Ho|= AF=EZ(supraposttemporal), $-Z1=Z(posttempo-
ral), A% S (scapula), 2-3|F(coracoid) & 471 2] AF&Z(acti-
nost)o] H3}5F31 L, 5% ol Folli= 5=7](parapophysis)
o} 67112] S (rib)o] =3}53let. 2F F-9E | =2ju| £7] 4
L Exueju] 22 12, 9% 12-137, $A)=eju] 22 37,
Az 81071, wix|=2in] 5= 17] A= 4-571= S7Fskaiet
(Fig. 2B).

23} 5 3297 2|o)= A4 11.4-14.2 (H4- 12.8+1.97) mm
2 Tl &= 7] A /d I (basisphenoid) W A]Z(vomer)©] &3+
ShelaL, mlE o= 9] Arl o] 7t= E3shHA 3
W] AdrlEZol S3lelqit. dnlEEa n|RedE Aol
= 1]&TH(caudal bony plate)o] FFstl L, ThAl WA 5fn]
Z 9|2 o) = A4 Z(uroneural)o] Z3}FHA HE ZHES F
317} 24 =] Al eh(Fig. 20).

oo

0|5 ojf Fol23 Auejn)o] W] R} o] 3o
&=L (Matsuoka, 1985; Koumoundouros et al., 1997b,
2001a, 2001b; Faustion and Power, 1999; Sfakianakis et al.,
2004, 2005), Ao]} o] Fi= -3} o] Hof| FriE} A =2fn] &
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Table 1. The developmental process of cranium and orbital region of aucha perch Coreoperca kawamebari

Days after hatching 0 1

5 8 13 17 22 32

Total length (mm)

5.09-5.68 5.25-5.79 6.12-6.68 7.22-7.39 8.12-8.44 8.72-9.42 10.2-12.0 11.4-14.2

parasphenoid

basioccipital

nasal

frontal

sphenotic

pterotic

lateral ethmoid

alisphenoid
Cranium parietal
prootic
epiotic
supraoccipital
exoccipital
opisthotic
mesethmoid
basisphenoid

vomer

preorbital
Orbital region
suborbital

=4 ddo] AlZtE = Ao 2 e A (Kendall et al., 1984), &
T 5ol ol 7T AR & UrEF SiTh

AX 7| e 73} A5 o] AU 7R TR =Hn] 2 #
@o] 7hs et A et 4= SIStk &4 o g ag & A2
A3} SI8 9] A/fotaat ol gl o] A|&o] 22 HhdslHA|
LS FIREAol7| 5ol WA gt A o= Hof Ao, £
715 A= sk Ao Mz mejx=gu|o] £7|7
ot Ao IE A n A 2 A #4719 Aol 9715
o] 4% 6 7 Whdd}= OF2 2 3} o] 73l ZA#|(Hanet al,
2017)0| A &= 2= 1AL, th2 Tof| &)= 51 o] Sebastiscus
marmoratus (Kim et al., 1997)9} #2441 0] S. tertius (Han et
al., 2001), 3452} Sebastes oblongus (Byun et al., 2012), A
vl Seriola dumerili (Liu, 2001), 22} S. inermis (Kim et al.,
1993) & Z3&E2} S. schlegelii (Kim and Han, 1991), E-0]&
o150l &8 Takifugu pardalis (Han et al., 2005), &5 3} o]
F9l v|Y Y5 Chaenogobius laevis (Kim and Han, 1989)
SOIHE Sele 4 Ak Be TASR: o2 e Hlo]2} 55
of Zazt Fast ZARxmA YREO ofFolA T3} &

Ao 2 dojul= Heojm(Vandewalle et al., 1997), 4d©]7]
5 W} $97)50] $AH o werele FEelAz olf
A& =2}*] Entomacrodus stellifer lighti (Kim et al., 1992),
50| Lateolabrax maculatus (Kang et al., 2012), 5/ ] Epi-
nephelus septemfasciatus (Park et al., 2015) 5 o]FHZ t}oF
=AY S et

Ao 7ot Aol 7] st I E Z A o] st A #iEo] 5
Q3F I 3= Ao g dEA th(Wagemans and Vande-
walle, 1999). A#7]= AF =4 F A=l a22GY
A|-5-(foramen)o] 17} FAJEth. o] gk T4 22 1 o] 74l
ZAX|(Han et al., 2017)o| A = &= QA 31, -5 Pagrus major
(Matsuoka, 1987), = Dentex tumifions (Koumoundouros
etal., 2001b), A-&]=F(Emery, 1973)0| A= Ut o, =2
5015 ojRollA] Leh e AR WA A olrka o)
o1 ol (Kang et al, 2012)¢] 35 A3l 7ol
e 2 ezl Aol BN AR = 54 Ho
ChE 5ol o AFA] 0] o] Z AR Wsto]| gt AAIRE A+
7F Bask Ao 72 HeltiKoumoundouros et al., 2001b). E
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Table 2. The developmental process of caudal skeleton, shoulder girdle and vertebrae of aucha perch Coreoperca kawamebari

Days after hatching 0 1

5 8 13 17 22 32

Total length (mm)

5.09-5.68 5.25-5.79 6.12-6.68 7.22-7.39 8.12-8.44 8.72-9.42 10.2-12.0 11.4-14.2

urostyle
hypural bone
1st-3nd
4th-5th

Caudal parhypural bone

skeleton epural bone

1st-2nd
3th
caudal bony plate

uroneural

clavicle
ventral post cleithrum
supracleithrum
dorsal post cleithrum
Shoulder girdle pelvic bone
supraposttemporal
posttemporal
scapula

coracoid

actinost

notochord

neural spine

hemal spine
Vertebrae parapophysis
interhemal spine

interneural spine

rib
S o] & o] Fo] &o](Kim et al., 1997), H-22-H0](Han
et al., 2001), 23]&2H(Kim and Han, 1991), 524 & o &

ol AHIA| Cheilopogon heterurus doederleini (Dasilao and
Yamaoka, 1998), 015 01521 Balistes capriscus (Matsuura
and Katsuragawa, 1984) 5 T2 ER oA L= Ao
2 o} 5o} 2 of i} op e} mE oj o4 YukHow ¥
R ENE PRI

AA7)0] Q3 vere SAgolH megEo R Uas g

31, HZz3o] Ty} $RE7] A n|HEArTo| ey Al
slolch A7)0 HET = 27-307090L, AA] = 30-3471,
27kele 2972 Aol Hol ity YArA f8ot &
89 A0 PLHETh HET ke 22 7} o} Fel 2% (Han
etal,, 2017)oll A = FARSHAl UrebtaL, & 52 i Bl
WA rsiglom, thEoR AlSo] Zotslint. a2
1%l £7}1€](Myoung et al., 2001)= £33 2] weho] o
Al AZo] ©-MF 0 7 Z3lslo] 2fo]S H ATt

&
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Table 3. The developmental process of visceral skeleton of aucha perch Coreoperca kawamebari

Days after hatching 0 1

5 8 13 17 22 32

Total length (mm)

5.09-5.68 5.25-5.79 6.12-6.68 7.22-7.39 8.12-8.44 8.72-9.42 10.2-12.0 11.4-14.2

premaxillary
Upper

h maxilla
jaw ry

supramaxillary

dentary

Lower

articular
jaw

angular

epihyal

branchiostegal rays
Hyoid

arch ceratohyal

interhyal

hypohyal

Visceral

skeleton hyomandibular

sympletic

angular

quadrate
Palate

endopterygoid

ectopterygoid

metapterygoid

palatine

preopercle

opercle
Opercular

subopercle

interopercle

A =gju| o WS ko] FA| ejn| 7 e 7] o] Hof &
uho] S| ejulo} 514 1 2u] 7} WA wheks}r) Alatehs Aol
5ol of 0] QubAel wre opyko = okl glrk(Johnson,
1984; Faustino and Power, 1999). A A7+ Ae] 52|28
vlo}Fupe) S]] 8 S o7} A4 0.2 wetels)
a1, X (Han et al., 2017)= A =207} & 7] o] X o] &
o] 554 ool 51| efu] b aterstol g A2 ol of
O A =efn] Hhd o2 B leh AA)7|E HlEE A %] (Han
etal., 2017), £7}2](Myoung et al., 2001) 52 A =0 & A
Aotz ©7]Eo] MioA ko 7 H31s}9]al,
& 2:7)9) B8} 9 A =] £7] wrete] Sy F PE gl
o] F HFZo] F3e} A =gn| 9] £7] Wdo] Y H Fof
W71z 2ot ShrEE AL olF7t fdshad] glo] %

<= @71

g5 S7HA7IE A Hdo] Qle Ao = Hof Xrh(Lee etal,
2001; Han et al., 2017).

A 7] 9] n|EH= 5o} 25 n]| g tE0] S35} A E A
Aoko} 45°=2 $lo|R|7] AlAFelaL, H3}t 3 8uA Wt A
ZF 730 mm¥ u Z3p7) 4= ik AX|(Han et al., 2017)
O] A9 AR 719 7 A &2 §3F A5 Fat A% 6.85 mmY
o] =] Eoke AR A] UL, FIL 5 6dA Bt
2% 9.00 mmY o] Z37}F = 1k 2712 (Myoung et al.,
2001)= §-3F A5 | Ea/d=o] S37h TR kAL, §
S} % 227 F+t A7 10.9 mmE wff v]EHo] 317} AR E
o] ZAF Atolofl A= Al7]9f 7] o] whef n|ERO] thefet &
o} FEE Uik

a0l 7] Aol A = AR T Al =] e Y o]
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o] o= 57k, st e 5 FEfHS L 7)Ao Al7]of 7

o] dojufm)(Myoung et al., 2001), 0] A]7]0] M3}e]i= 22

vieho] b o 22 AAL A] BA 7 H 1L 9 SAlA o] 7ol F

A ARl 7]o§ IR ?4?_] B2 sy 203l 7|22t
Aol 2 T = Baslul Ay

ISR s S
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