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ABSTRACT

Skeletal development in the oblong rockfish, Sebastes oblongus, was studied based on

extensive larval rearing conditions from December 2007 to March 2008. Newly-hatched larvae lacked
osteological elements. After 3 days of bearing, jaw bones were ossified almost simultaneously with the
frontal, parietal, clavicle, opercle, preopercle and branchiostegal rays at 8.0 mm average total length
(TL). Ossification of the opercular was completed by 12.3 mm and the full complement of ossified ele-
ments of cranium and pectoral girdle were completed by 16.2 mm. Ossification of the cartilaginous
caudal complex began to at 9.8 mm, and completely ossified by 18.0 mm. The fusing of the first and
second, and the third and fourth hypurals initially occurred by 10.8 mm, and their fusion was finally
completed at 18.0 mm. Notochord flexion occurred and formed an individual centrum by 8.5 mm and
10.8 mm, respectively, and all 26 centra were ossified by 13.2 mm. The preorbital bone began to ossify
on the anterior region of eye at 10.8 mm, and the 1% suborbital bone appeared ossified on the lower of
eye by 12.3 mm, and all elements were ossified at 27.5 mm. Finally, after 71 days of bearing, the

juveniles became 27.5 mm, and ossification was completed at this stage.
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* WA A=} 7k 3w Tel: 82-51-629-7087, Fax: 82-51-629-7091,
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b), F-o171¢] AFEFIA 7% FAL AT o] o]
Hol= 3st= 977t =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).

317 B2} (Sebastes oblongus)2 2+ o] 2 (Scorpagniformes),
tE-2t7} (Scorpaenidae), £-2}<- (Sebastes) <] Affl*— o] F2
Sahtel dEodel @ JE Zrlolx o]deA] F4r7bA|
pxaie] dgke] ik Aol AAlslE dHlde R BE
2l o]ZFo|t} (A, 1977; Nakabo, 2000).
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marmoratus)®] A3 3 A< (w9} A, 1999), 22 (Sehastes
inermis) ] A1z} A zpeibd (o] 2} 71, 1992) W HirAY
g3} walajel o] Rgeel AW (A F, 1993; 7]
% 1993)el] gt A7 Fo] U= FAHES] A7 F4L
Ay A gl siate]o] e (5, 1995), ApA|o] Ab
S (H 5, 1997), A5 AAF7] (7 5, 1999), AFFRE
A D) ] (2 5, 2006), 27) A4 94 9 A

233 5, 2007) 58] A7} olek HZelx AQ2A A
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qJo] s AT FHeIN BHRAAN 3] Befo
= Aol & 24 Wskel T & Aelo] ze] 223}

o

= dds Ry

A B &}ge} (Tochino et al., 2003).
of B A7 AHe] wHAA B & d2 F3
;Ql

geldoz v fabste] BRsh Bl ojele BB
e eel whE W ALY B 1

=3te] £ Foll dF A} ABE AT

WE Yoy

7ol AgE AEE 20079 109 AehdE oI47
B Sl gl 7bRel AR Alal Aelg A4
sho] A8l AAE $4 Tae)E Abzkez (280x 280
x80cm)ol] 4=, FA=)sld = 2007 12 259 A 21.8
~25.8cm W9le] Ao] Sulelt dAbE Aol g Abssh
WA Aol ARS-EFSATE AFESE Rpef= 2007 129 E]
20084 597H4 A%< FRP3z(3ton)el H 48 8 b
s or], A g4 WY 124 BT A7 5
gko] 42 W)= 90~17.0°C(FF 13.6°C)%lt}.

AHE7IZE Bk AR o9 Hol A2 A FHE 15077
A= Rotifer (Brachionus plicatilis) & FH53}3low, 544
HE] 259 74A]= Brine shrimp (Artemia sp.) F-AS =
= %013} al 20(3-;] °] 1 HH_B‘L}‘]'E—E o'\? ]’9\:1]\‘;]'

Aol o) TAWYG A4 BAST] $8) AEH TR
80YA71A] 4~54 ztAo =z 10vfe]y P92 FZE3te
5% =9 1A A7l & Kawamura and Hosoya (1991)
o] o]l o3l FAslalem, o] 100% =A™
o BE3le] RHgFed7]ek A R & o] & WA =~
AR skt Ao e] 7+ 2eje] WAL Kendall (1991),
Okiyama(1988) 5ol u}sit}.

4 =

s uet zpx)eje] YRZTAL F1r37 (head skeleton),
%] 3= (vertebrae), n]F (caudal skeleton), 7= (pectoral

girdle bone) & ¢t} (infraorbital bong) = T3}

35k

[as)
}14_11

ZRzAL _$_7ﬂa(cran|um)ﬁr & == (suspensorium) £
27 % wpge oheal
o} (Fig. 1; Table 1).

AR Aol A3 T3} AL 2 e
Az 35 394, FFAA 8.0mme] ApeloH HLow T
NZE 718-H °“i(frontal)JJr A (parietal) o] 3=
A} 7 - (opercular)= 57 = (opercle) 2} A 7} = (peroper-
cle)o], A (hyoid arch)-2 371¢] A} %= (branchiostegal rays)
o] 23}Eglct B zmm o} (jaw bone)e- 9] el =
FerZ (maxillary) s A 24Fet2 (premaxiliary) o], o} =il
= %] (dentary)<] %ﬁ}—t— ZJ 3 Foladet (Fig. 1A).

Az F 9YA|, A 85mme] Aol obFe FAb
o, AAetE 9 Agel F3h daIc TARL V)
# 3= (basioccipital)#} A} F= (supraoccipital)e] =3}
7F A1EE gl e, of o] = (pterotic) F-9lel] 17§e] So] A
Hel F3p} AT A M2E V7 F3E T
74 2 (ceratohyal) o] =3p7F Al=kE gl o, 7 K- (palate)
= Aotz (hyomandibular)e] =3}7}F A|2H=E %o} (Fig. 1B).

A2 F 1244, A 9.2mme] ztel= i Ee] 7]
AE o] HAZ (parasphenoid)e] =37} A%l
AR AN Z Dol 7H07) 2 (interopercle) o] Z3}s} 31
Hifl:i 6707F 23t Aot 7N = b (quadrate) 7 A

2 (ymplectic)2] Esph A= AT Aotz A=Y
U}- ol gl A2 Fdell Z2(angular)e] 23}57] Al
#+3l53e} (Fig. 5C)

A% #1794 ATAY 103mme] Aol FAF F
NZo] Ao xAF3} AAF o], Aol (spehno-
tic)} A o]=(prootic) 2! ﬂ-‘?%%(exoccipital)ﬂ =37}
A== 9l aL, 77l vl 42 (endopterygoid) s} 9] o4
< (ectopterygoid) 2] Z3}7} Alzt=E Qe A e 2R
Slel sHAI7) 2 (subopercle)e] 3} A)kE odek gL
7Age) §1% PAE (epiyad)e] 2o} g B
ST F)AelA Fspoz @4EE v]4E (urohyd)
o) F3r} AEEigion, o Al7le] @ FATE] 23}
A1 2= 9wt (Fig. 1D).

}e ¥ 2004 FFAR 108mme] Holt FAZ 7}
o FAZo] 7 F3prt dmFHglow, Aol (epiotic)
Z A1 (lateral ethmoid)e] =371 Al =HE 9de}. =3t 77
£ 77HZ (palating) s} $-2]44= (metapterygoid) o], A z-ll

A8 = et (Fig. 1E).

(=
M2 (interhyal)e] 2317} 34 =
% 2694 HFAA 123mm2] Afol= AR 7
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Table 1. Development sequence of ossification in Sebastes oblongus

22 Ax|e =

EH=

69

Elements

Total length (mm)

8.0

85

92 93 98 103 108

123 126

132 162

18.0

19.7

252

215

Cranium
Parasphenoid
Exoccipital
Basioccipital
Supraoccipital
Epiotic
Prootic
Frontal
Sphenotic
Pterotic
VVomer
Lateral ethmoid
Media ethmoid
Parietal
Alisphenoid
Nasal

Jaw bone
Maxillary
Premaxillary
Dentary
Articular
Angular
Lower jaw teeth
Upper jaw teeth

Hyoid arch
Ceratohyal
Epihyal
Hypohya
Branchiostegal ray
Glossohyal
Urohyal
Interhyal

Palate
Palatine
Metapterygoid
Ectopterygoid
Endopterygoid
Hyomandibular
Synplectic
Quadrate

Opercular
Opercle
Subopercle
Preopercle
Interopercle

Pectoral girdle
Clavicle
Upper clavicle
Actinost
Coracoid
Scapula
Lower postclavicle
Upper postclavicle
Supratemporal
Posttemporal

Caudal skeleton
Epura
Hypural
Parhypural
Urostyle
Parapophysis
Caudal bony plate

Orbital region
Preorbital
suborbital
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black bar, ossified state; @, initial osccification; —, ossification completed
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Fig. 1. Development of the cranium and suspensorium in Sebastes oblongus. A, 8.0mm TL; B, 85mm TL; C, 9.2mm TL; D, 10.3mm TL; E,
10.8mm TL; F, 123 mm TL; G, 126 mm TL; H, 13.2mm TL; I, 16.2mm TL; J, 19.7mm TL. A, angular; &, aisphenoid; at, articular; bop,
basioccipital; br, branchiostegal ray; cy, ceratohyal; d, dentary; edp, endopterygoid; eop, exoccipital; eh, epihyal; em, ethmoid; et, epiotic; etp,
ectopterygoid; f, frontal; gh, glossohyal; hm, hyomandibular; hy, hypohyal; ih, interhyal; iop, interoperclele; le, lateral ethmoid; m, maxulliary;
me, medial ethmoid; mtp, metapterygoid; n, nasal; op, opercle; p, parasphenoid; pa, parietal; pe, pterotic; po, preopercle; pm, premaxilliary; pro,
prootic; pt, palatine; g, quadrate; s, symplectic; so, subopercle; sob, soborbital; sop, supraoccipital; sp, sphenotic; ur, urohyal; v, vomer. Scale

bars are 0.5mm.

el MzFe] F3rt ¢EFUL, FHZFS o o] (ptero-
ticyo], etgell= miAltoz A (aticulan)e], gl
3t Z (hypohyal)e] Z37F A== gle) o] Al7]el o]=w
TR FAZE B FANEE] Al Ao, 7IHFFE,
FFEL W R3] oliEe] ZFe] F3rt 719 gaH
ek w3, ARl AR HdofEat Fojake] FApE o]
Mz AZel o8 HA= A+ (Fig. 1F).

AFE F 2094 A 126 mme] Alels A5
Aol FY A2 meFE FAsAL FAF vk el
ol AN T2 TheE A AdelF, =AF A

o 3t A9 gAHNe, e ALsEa W

i
il o o,

i

S

=

o], dFell= s F3r HA=E A w3t oF HE
A3 FAE BF 3Pt skaEe] Aojol fAKSE e
E HepdH o] A71el FAF 7kl A (vomen) 2t S
A+ (medial ethmoid)e] 2317} A)2kE 9o} (Fig. 5G).

AbZ ¥ 3BYA HAA 132m
Zoll ¥ F(nasal)e] F3ENS. A4F 7hed WoE
FojAze] ZIt AEs e, el A Z (glosso-
hyal)e] Z3}7}, = o dF(aisphencid)e] Zz}7}
A2k Qe g, A JAES AlYsta mAdE, 44
AT 9 HAFe] I skaEgleH, o] A7 oF
ol oute] A 7] Al=Hatdet (Fig. 1H).

ARz F 4744 A 16.2mmz sk £, 7
=, AT ol B mEFI] EE3le] §7]4e] FEEH
FAF A FAZFS AT, & AF A L BFe
F3p7} 7 R=A shEgon, dFe dAdFe I}
7V T frE AR oF Hells ool v & dykEA
DEAT, AN Fel e el AR 2709 THAE A
3 el & iyl 570¢] 7RA7E HAE i (Fig. 1).
2~60UA| Abol, HAAF 19.7mm= AJAFslw
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Fig. 2. Development of the vertebrae in Sebastes oblongus. A, 9.3mm
TL; B,9.8mm TL; C, 10.3mm TL; D, 10.8 mm TL; E, 13.2mm TL;
F, 16.2mm TL; G, 18.0mm TL. hs, hemal spine; pp, parapophysis;
ns, neural spine; r, rib. Scale barsare 1.0mm.

H)Zo) ste] A7} A EGoH, FAMNT T 27,
NZof| 2719 Tt A7} At §AE S (Fig. 1J).
o]% oF 80 A& HFAA 28.0mm o]A}o = /\-Ist].u:]
AT HAE F 2L PR w4
ARSI AR FEE s S8 FAdsislen, °l Al
7)ol TR o] A=A

2.

JZ'_'
1

=0
T

Axge 8o % o2 1d= EX)o] 9ow, A
2= (spinal cord)$} 3 (blood vessel) S B s 3hc) HEZ e
FAFY d4FRe RA 3o} AE T B5F o
zo] 17dZe] B3l7h WA Al g ot YR Al
3t AdE e, FA 9 T3 550 UFlA A
zhslo] HZ o= x8 = et (Fig. 2).

A% & 1294 FFAA 9.3mme] i FA| o] F3}
= A3 AW ko) 3~4UA FA 9 5ZFel AAFT
ol 27k At ele (Fig. 24).

Az T 1594 HFAF 9.8mme] Aol 7k FA ol 3

FEE AT AT 3} 2T ZelA] w2 2
E gl ot A9 F3h= o] A HA] Aoket(Fig. 2B).

Az F 1794 A4 103mme] Apel= HEFeo| F
37t A Ee] 204 FA7A] Z3E Al E o, o
o A3t A= s FIFAoH 1 L o}
A 5] ekgheh. HF-2el 2~37)2] FE7] (parapophy-
si97h FAEgon, melx nejulg AAShe vl
o] %i‘rﬂ"*‘;P(Fig 2C).

A F 2094 HAA 10.8mme] Apei= FAo] F
3ol 7 AAZ3 =) 23} vlwA e 2FE
o] Ao F3p7} AER o, 2SI 5] £ol
3 WHHAS ) EeAEFS vF F U HA 3}
7} &= i (Fig. 1D).

Az & 33%_1’%11 HAA 132mmz Ak A1A =52
ER=N 7;1711 A gom), 2671 FAe] T3} Ao
g4 & A" 8o &7 7Hed 6
#yo) L.‘_T’_(r|b)ol 3:]-3}0:] A4 =93} (Fig. 2E).

PYENE 47o1zzﬂ q_rxyg} 16.2mmz AAsld B32Zo
T 848 s 7] 53| F3he ¢

iz

= —1, ]
=

¢

A% & 529A HPFAA 18.0mmz s A 2
cz3} wjZel] z}z} 417 #-A=7) (neural zygapophysis) ek
d{RHE7] (hema zygapophysis)7h =3}=|o] 77ke]
AE ¥ e AU o] A7l 84 SFE
oS ZeojAH, 26709 HF 2 % F3pr} hrFHo
(Fig. 2G).

l"

AZIR A mIA =g AL nEe A
o % A A3yl WSl o A FHos T4

AHE & 10949 A4 8 5mm.°4 Apo]= o}z =3}
7F defubA] dskont HA waks YA W R
(urostyle bone)2- 45° = 9]= 3]o|x] it

A 5 14~15944 HFAA 9.8mme] Alele vEs
Z 7P A 3709 v &Z (hypura bone)

Z ol ZFel A F37t A S vl 919
2753 S35 9 A SF (epural bone) A-FAtE] ST
(Fig. 3A).

Az & 2094 @A 10.8mme] Ao mpx|h 1~
29A FA 9} w|RBARE (urostyle bone)o] F3}E¢lo
1, 29A 2] A EF 2709} F3}19]5F (parhypura) <) —-—3:}
7F Al E QAo md mRgAkEs) e A el S
o] F3tH o] BT M9 Flu|EFe] FFHG oM, o] A]7]
of 1, 2HA sm|&ZH 3, 4HA | EZo] ME §ITHG



Fig. 3. Development of caudal skeleton in Sebastes oblongus. A, 9.8
mmTL; B, 10.8mm TL; C, 123mm TL; D, 13.2mm TL; E, 16.2mm
TL; F, 18.0mm TL. cbp, cauda bony plate; ep, epura bone; hs, hema
spine; hy, hypura bone; hyf, hypural foramen; php, parhypural; pp,
parapophysis; ns, neura spine; u, urostyle bone. Scale bars are 0.5mm.

foramen)o] =gl 3 w2t SHA slo| Sz 233
1 A1719 1 29A spr) S22 443 g3 o sl
m-g skl (Fig. 30).

% F BYA A B2mmz Arkstd 1 29A
st EFe 5 PR AAEe] 4, 504 shu| &2t
78] AL ol FH, PR Alske FEE oM
01:]_

x)
= 2= ot e (Fig. 3D).

+

AE F 4794 HFAA 162mmz s F3v] S5
ZF2 o2 yA Z3hE 3 EE7) (parapophysis) 7t 34 =
7] AR o, w|Fe] 5% sPAke] BE2 3R
2 EAHe] I FREe] mEIA EEH I ¢4
=31+t (Fig. 3E).

AHE & 524 HAAA 18.0mm= RSk A3, 43}
3] shte] wiE YAdsied 1, 24419 ¢
WA seEF3 A4 A7 e FHE
=< FAA = 3HA | SFe] iAoz F3ty

cl —

Fig. 4. Development of the pectoral girdle in Sebastes oblongus. A,
8.0mmTL; B, 10.3mmTL; C,12.3mm TL; D, 126 mmTL; E, 13.2
mm TL; F, 16.2mm TL. ac, actinost; cl, clavicle; co, coracoids; Ipcl,
lower postclavicle; pt, posttemporal; sca, scapula; scf, scapula fora-
men; st, supratemporal; ucl, upper post clavicle; upcl, upper post cla-
vicle. Scale barsare 0.5mm.

o] m|Ze] Z3pr} wE k=) (Fig. 3F).

4. ALH= (petoral girdle bone)

7R =] E AR AW ES 5 N9 o] R
=™, 5% (posttemporal)el] ]3] FiZel I A
(Fig. 4; Table1).

AF2 394 HFAA 8.0mme] Aol A 71-e-d
Loz I (clavice)o] 7= vl=xE Z3bEglon, AF
Z 5 JFAA 98mMm7IRA| = HF ]9 = mEL o
2dE FA8kH (Fig. 4A).

Az & 1794 FFAA 10.3mme] Aol o] S
% W RS9l v=ks] A2 (upper-clavicle)Z 572
(posttemporal) ] Z3}=] $ie} (Fig. 4B).

A F 2094 A 10.8mme] Atel= opA] A

g
q AF2E (actinost)o] 4= RelE|9don], FEET 950
#}2%=2 (supratemporal) o] FE Ik w3t AEA<

= L
#= (coracoids)®] % 71 7A17F A Febsis A F
2644 HAA 1234mme]l Ehd 7hea 7] AFH
(upper post clavicle)#} 3}54) = (lower post clavicle) o] &3
=031, Awdl AR (scapula)el] shte] 77 (scapula
foramen) o] 3= 3o} (Fig. 4C).

AFE 5 2094 Ak 126mme) zhel= A=Al e At
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Fig. 5. Development of the infraorbital bone in Sebastes oblongus.
A,108mmTL; B, 123mmTL; C, 126 mm TL; D, 13.2mm TL; E,
16.2mm TL; F, 18.0mm TL; G, 25.2mm TL; H, 27.5mm TL. po,
preorbital bone; 1%~ 5", suborbital. Scale bars are 0.5 mm.

o] iz s EelEH, A2 F5FFe] oS Yl

Al Z3=| it (Fig. 4D).

AR ¥ 33UA HAA 132mmE s s o

2 AR Az 3 Fo| A4 &, F3HE o,
%%94 F3t= Zro| A H . 73t 3=l foramen
43 5 S 231o) (Fig. 4E).
2 B 4794 FFAA 16.2mmE A 2322
7 AR ok AlzEe] E3b} Ale) ghmElee)
o) ARRRL vl Yold AL o)) Ar)
5

] %
A 2E FHES] F3P) == du(Fig. 4F).

>~

rlo
de,
x

A

=
(e JW 23
off & ¢

T A

5. ote}Z (infraorbital bone)

RE] AZFo{E £ Fol A F (preorhita), g3}
= (suborbital) @ <FA} (supraorbital) 2 A EICh A E
= Z9 7184 ¥ & R E g §)
b EF £ ol § Al s Basle obet
2 FA5%9 (Fig. 5; Table 1).

]

28 % 20UA BTUY 0SS At & 249
24 Phedl 1 A e = U

ZEE A0 BHYY 73
Az F 26904 FFAY 123mme] Aol chatEe

51 57le] B Fled A2l 1o ofelZuc)

o}7 ¥4 231 (Fig. 5B).

AFE F 2094 HFAA 126 mme] zjol:= oA

zo) o7t FANA T TN e e 4l
= Al29kstkE Abelell Allsksbze] & ol

AAZ R 23451905} (Fig. 50).

A% = 334 FFAR 132mm= ARshE kA
sflmen 209 2237 2 A e, Al2ke)

o5 4ol A} (Fig. 5D).

A2 & 4794 FFAA 16.2mmE AAAshE ol Fe
ofelze] WAH 249 EERE U dsiA A
A A2skel el he] Fe] YAHT ALls}
T GFE HS BelA Mz AR =S
(Fig. 5E).

A2 F 52907 A 180mmz AAshd e
spel AT B2 4= —7}3 2ol 7] A
AR wEAA 237 YHG = A %ﬂ%oﬂla
9 390 Jussiont A2HE T4 s
Yo} % Ao BH 2AEe] 5B 08T TE Y
3tsiet (Fig. 5F).

AR F 69U HFdA 25.2mm= Ak bl =e]
AS) wE wle] £2371 Y=, A3 4,597 3petE
Al 23 B AL 206 YAH FHE uol
A sk} (Fig. 56).

A & 7194

37 3
5% we] Aol AT I HHUI} AHA A%
] 3|

£ o
e W lo

&_ELH,%

o}

mH ik

o

—

ot

A HFoz —51}7} o} R} 719 F A 27
oA BE ZA 3y} ekl (Tablel).

dubd oz AFel i 3 Ao FA gloiM F
=& vist wEkE Jepdda A 9lem (Koumoundou-
ros et al., 2001a), 3o 2o 7 (perciformes)= F7) =3} A=
2u|e] Hido] 33} o] Fof L (Matsuoka, 1985; Kou-
moundouros et al., 1997b, 2001a, b; Sfakianakis et al., 2004,
2005; Coban et al., 2009), ¢do]3}o]F(Samonidag)= 23}
o|Hell FHFI Aru]e] FZ ko] AR (Ken-
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é 2t 2ol A3 F3HEA] Ydgrovt A=
% 394 H#AA 80mme|| oj2w o= F3rt dof
v AFE 3 71dA 27.5mmell A skAsE F7 o] A H S
), 22t (Kimetal., 1993)2 A% = 794 JFAA 7.0
mmel] R Z3}7} o} A= F 65~69UA 17.6~20.8
mmel] 27 0] A E ST, 23] Eet (73} 3 1991)e A=
% 6~8dA P 6.85mmY W Aoz FIF o
o} AR & 30~31UA 202mm MA A EF T,
H-22:ul o], Sehadtiscus tertius (3t 5, 2001)= A& & 8Y
A FFAA 44mmel| A F3F dold F AlE & 39Y
A 141~143mmed w 25 FAo] kA= e FHE
o] F3e B9, 2uEe ¥ SR IR =1
Aoz Ve
EP%%%";_—%‘S Table 13} Zre] Fi

A3 1o om, AFle] F(Triglidag)el] <3 Prionotus
carolinus(Yuschak and Lund, 1984)= = ¢} & 5o =
ste} A BolaA ATEe] wx= F3rt Ao
AR F3e v A A E A 1 9] Al =ekA]
Fol] &3l= %2 =2}%], Entomacrodus stellifer lighti (7]
% 1992a)= =3 HAZo] WA Z3}eta o] F =9
37} olojzlon, Bo]Ee| &al= X, Takifugu pardalis
(3 5, 2005)2 s Z3 HAAF Y oFFo] FAll F37} Al
=l Anted, Seriola dumerili (Liu, 2001)= xAretz,
FaerE, 2AF, AN, FANEe 23 3 A E,
AE So] 3=, H5oFe ndmtE, Chaenogobius
|a€ViS(7uaJr g, 1989) = ==t Hw o] F3te} I HFH-
o WAl A F3}t dojut EFFEE B2 AeolE
‘45}‘4131‘:}- AR o] & F BT EE AN ool ]
oA wE Lz Fipehs 548 Yepididh o)A F
MFe] Heolot 358 13 Fo3t e 4 2420 F
3t LMo Yol Reolm (Vandewdleet al., 1997),
o] Al7]el §)e] /NF-2} Ae] 750l sternohyoideus muscle
& AA S o] 22T ATE 7] wEo} (Matsuo-
ka, 1987; Wagemans and Vandewalle, 1999).

g, S Bt TR =B E A AEE 24 24 F
shtl AzbZell a4 2 foramene] 3AJF o] g1, ol
gt F7-2 Z&, Pagrus major (Matsuoka, 1987), 3}, Den-

tex dentex (Koumoundoures et al., 2001b), A}2] &7} =)
715 (Emery, 1973; Taki et al., 1986; Potthoff et al., 1987; Pot-
thoff and Tellock, 1993) 5 @2 xo]ZE o] FolA Uz A
gleom, o]¢} 72 foramene] 34-S Koumoundouros et al.
(2001b)= “sol Feol o] A=Al Aoz} spsict. 12t
forament= o] & offFo| ZI|E= (R} 3§ 1991)3}
Prionotus carolinus (Yuschak and Lund, 1984)E w] &3}
EZAE o7 A= dH], Cypselurus heterurus deoder-
leini (Dasilao and Yamaoka, 1998), B-o]&- o]F-2] Balistes
capriscus(Matsuura and Katsuragawa, 1984) 5 of2 -7+
ANM= FAH o] FolE ofFe HFH FAL o}
W Aoz feksin.

FAE AR F3he FAMNEI A Fe] FA
of Zzpeta o] F FAMNEF AN Ze]l ZIE A=
(Table 1), o]= 72 ofBetale)] &3l 20| (7] 5, 1997),
FHog el (3 &, 2001), =9 &= (3} g 1991), &= (A
%, 1993) 53} x5l on, A2 2X] (Dasilao and Y amaoka,
1998), & (Matsuoka, 1985), 1] Z9}+5, Luciobobius guttatus
(& %, 1992b), Aute] (Liu, 2001) 5= 72+ H3FS Ho

Ae] B3 wAE FRTEe SH Aolg ek A
g dos e

9.3mmel| A BFZo] 1~49A F

A7y N73F3 f‘,f.}?ﬂl %EP} Qo] A v|FE Fo
APE e ol2d Ak HF244el (3 5, 2001), ¥
o) (7 %, 1997), =3 &=H(7 =} 3t 1991), et (Klmetal

fol stel g viehhgint. B
Z9| shtal selEge] A %@E% 9.8~10.8mm A}
ole dtu|Eze] A= §3FE e AW I FnE= (3}
52 1+2, 3+4, 55 A3 o]ek Fo] Ao
s 3tell whet hn)E2e] 3ol S BT e S
o]= 22 E2H(Kimetal., 1993), 3] &=} (7]3} 3 1991)
S H]&3}e], Balistes capriscus (Matsuura and Katsuragawa,
1984) So|A = A glow, ule]F (Kohno, 1997; Liu,
2001)= slm|E=Zo] 142, 3+4+57F A= §3FH 9, He
milepidotus spp. (Kendall and Vinter, 1984)= 2]3AF 27] 9]
0l 5F (Foh0) 5 +505R 1429 £, s 52
3+4, 504 15T 2)E YA i glor 7
] F (Kendall and Vinter, 1984)= o]¢}= o= $313]
el vhepi 2ot Gosline (1961)2 o]} 3ro] Bepst &)
2o 3 A4l Astel AFHY A7/t Yasichw
23hget. olsk o] o) fe] s e A4 ol Bt

Ao} oA Ashn EEA FEARE ¥ F3he]

04



Sk o] Aot AEE Bokl N 48 AAew
49 4 ol& Aol

2 o

AbZEl 2o g 2007 129
2] 20084 5U7kA Sl AgsIA A ole] 47
o w2 FAWNGIAL HAEh AR 5] 2o o
W3 FAesw A8 23EA dsieh w3k F 3
FA% 80mme] Aoz =ule] Fash ) 4F =
2, 42, ANE, Az 5ol 23} AEe A4
E A FAES 123mmel F37 BF gRERe
o, FHEH AdES FAE FAES FaAF 162
mmel =3P} SEF . v E3HAE FFdd 9.8mm
o silE2e) 2Eh AT o) F FHg 10.8mm
of 1A Sl 285 ShulEZ 9 3AA L} 40A Fu] HTo|
M2 gl delwher, A 180mmel| mix|te s
Z3}5e) = o] ka9l 2] 24
7 8.5 mmel| g/‘oﬂﬂ HFA7 10.8mmel| ¢ks
26 2o Z3= 13.2mmel) s
P2 HFAA 10.8 mmoiA
¢ 123mmel A Z3hr} Alatsglon,
mme| a}glﬂfﬁs} FHEHow w3 & 71d
75mmel] 2 E 2] T3}l geE ek

A <l Aoz RE Aa

Aol e

l:_:v_
o - =2

0,
=1

—

_4‘1

é
fu ¢
<
2
rﬂ

o

—~ nJl-J
)
rlr

o 2 x%
N

=
o8 fo

Mk

= 1o

N (e

]

3]

e 4 W o

Mo
Aokt I fo

a
2

o

A A

o] A= FHPAHSH AATA (A= E RP-2012-

AQ-48)2] A9l 23] s glom, B =Ee) YL 9
) AASA REdl 241 olsl A AAEA 2 e =
Huieh

ol g8 2 4

FoF o g - A9Y 03T DR 5 - olYw. Y u
Sebastes oblongus ¢l ZF 5] A4 wdsl Am]. 3=
2=A}8}3)%), 39: 297-302.

249 - 74 3. 1989, S A5E2] 27| AL A3 AT 1w

ﬂ‘éﬂo &, Chaenogobius laevis (Steindachner) 2] ikA) =}

2o]. gt 2=Aks} 5] %], 22: 317-331.

718 -?_73’ . 1991. 3] &2}, Sehastes schlegeli®] %7| &AL

3l=ro] 73813] %], 3: 67-83.

- 375 - 733n). 1992a. # -4 =2}%], Entomacrodus

stellifer z2kx]o19] e o} A o] F83]7], 4

d|

T
e

I

o
>

i
L
n

Azl ofe| = 75

HI

31-43.

28 - 3AS - 7rEe) - AR T - HEeTF. 1997, 2 o), Sebas-
tiscus marmoratus 7] &ol| A3t AT 2. A& =2pH] o]
9] o)uge] W FAUrG slro] 533X, 9: 186-194.

249 - 85 - 7}2 - $4 3} 1992b. W] 2HH=, Luciogobius
guttatus Gill 2] Absh<zAd B! 27| A} dh=ro]7-313]7],
4:1-13.

7214 - A5 - WHsF 1993, B2, Sebastes inermise] x7]A)
atel] W3 AT 2. AHE ApH|ol9] <Ry Bl AW
o}, gl 2=Aba} 3] 7], 26: 465-476.

w33 - zg/\ow 1999. A FAF 2 o] (Sebastiscus marmoratus) 2]

23} XA s]-*’AA}zﬂ—i]x] 32: 432-437.

WeTr - TS - Fod 3 1995, 34 B2}, Sehastes oblonguse]

4 s wskAelsl gul. R T,

I~

-2

8 o2

WEF - Al . sk E . o 1997, 314 B2k, Sebastes oblon-
gus®] ZEAb} ApH|e] ALS IFEeAREI QTR A, 53

O

81-88
4% - F4F AL BAF - ol - AU - DAL, 2007

Y
i
&
&

| astes oblongus =7] P24 A 2 AJR3}
F5942] 8151, 20: 47-50.

oleldd - 714 . 1992, Fef A} A ZolR 2 Sehastesinermise)
AT} A Aok, sl iaks}s] 7], 25: 413-431.

Aoz . ogHF - M. 1995, 313 B2, Sebastes oblonguse] A
&3} YA F7). sh=rekalehs] A, 8: 31-46.

[ o,
ol Hﬂ

7. 1977. gl = 1. A A}, 728pp

- 9T - 2B - AR - fEAL 2001 Al H2%

u] o] Sebastiscus tertius (Barsukov et Chen) x}x]o] 2] &4

niet, 3h=ro] 7-313]%], 13: 63-68.

- ZAR - o] AE - A - fAled - MUY - 213, 2005.

<5 (Takifugu pardalis) A}x]eje] 2. g=ro) {3t

3], 17; 29-35.

Caoban, D., C. Suzer, H.O. Kamaci, S. Sakaand K. Firat. 2009. Early
osteological development of the fins in the hatchery-reared
red porgy, Pagrus pagrus(L. 1758). J. Appl. Ichthyol., 25
26-32.

Dasilao, Jr J.C. and K. Yamaoka. 1998. Osteological and functional
development of the flyingfish, Cypselurus heterurus doeder-
leini (Teleostei: Exocoetidae). Bull. Mar. Sci. Fish. Kochi
Univ., 18: 13-26.

Emery, A.R. 1973. Ecology and functional osteology damselfish
(Pisces; Pomacentridae) at Alligator Reef, Florida Keys.
Bull. Mar. Sci., 23: 649-770.

Gosline, W.A. 1961. The perciform caudal skelton. Copeia (1961):
265-270.

Kawamura, K. and K. Hosoya 1991. A modified double staining
technique for making a transparent fish skeletal specimen.
Bull. Nalt'l. Res. Inst. Aquaculture, 20: 11-18.

Kendal, A.W. and B. Vinter. 1984. Development of Hexagrammids
(Pisces: Scorpaeniformes) in the northeastern Pacific Ocean.
US Dep. Commer NOAA Tech. Rep. NMFS. 2: 44pp.

Kendall, A.W., E.H. Ahlstrom and H.G. Moser. 1984. Early life

ol
ol
}01,



I 24

o

)

76 T LS BET R s

ol

fol

=
T

A

history stages of fishes and their characters. In: Moser, H.G,,
W.J. Richards, D.M. Cohen, M.P. Fahay, A.W. Kendall and
S.L. Richardson (eds.), Ontogeny and systematics of fishes.
American Society of Ichthyologists and Herpetologists,
special publication no 1. Allen Lawrence KS, 11-12.

Kendall, W. 1991. Systematics and identification of larvae and juve-
niles of the genus Sebastes. Env. Biol. Fish, 30: 173-190.

Kohno, H. 1997. Osteological development of the caudal skeleton
in the carangid, Seriola lalandi. Ichthyol. Res., 44: 219-221.

Koumoundouros, G., F. Gagliardi, P. Divanach, C. Boglione, S.
Cataudella and M. Kentouri. 1997a. Normal and abnormal
osteologica development of caudal fin in Sparus aurata L.
fry. Aquaculture, 149: 215-226.

Koumoundouros, G., G. Oran, P. Divanach, S. Stefanakis and M.
Kentouri. 1997h. The opercular complex deformity in inten-
sive gilthead sea bream (Spartus aurata L.) larviculture.
Moment of apparition and description. Aquaculture, 156:
165-177.

Koumoundouros, G., D.G. Sfakianakis, E. Maingot, P. Divanach
and M. Kentouri. 2001a. Osteological development of the
vertebral column and of the finsin Diplodus sargus (Teleo-
stei: Perciformes: Sparidae). Mar. Biol., 139: 853-862.

Koumoundouros, G., P. Divanach and M. Kentouri. 2001b. Osteo-
logical development of Dentex dentex (Osteichthyes: Spari-
dae): dorsal, anal, paired fins and squamation. Mar. Bial.,
38: 399-406.

Liu, C.H. 2001. Early osteological development of the yellow tail
Seriola dumerili (Pisces: Carangidae). Zool. Stud., 40: 289-
298.

Matsuoka, M. 1985. Osteological development in the red sea bream,
Pagrus major. Japanese J. Ichthyol., 32: 35-51.

Matsuoka, M. 1987. Development of the skeletal tissues and skele-
tal musclesin the red sea bream. Bull. Seikai Red. Fish Res.
Lab., 65: 1-14.

Matsuura, Y. and M. Katsuragawa. 1984. Osteologica devel opment
of fins and their supports of larval grey triggerfish, Balistes
capriscus. Japan J. Ichthyol., 31: 411-421.

Mook, D. 1977. Larval and osteological development of the sheep-
shead, Archosargus probatocephalus (Pisces: Sparidae).
Copeia(1977): 126-133.

Nakabo, N. 2000. Fishes of Japan with pictoria keys to the species.
2" (Ed). Tokai Univ. Press. Tokai. XI11-Ivi, 1748pp.

Okiyama, M. 1979. Manuals for the larval fish taxonomy (2), Gene-

ral aspects of larval charactersthat aid identification. Aqua-
biology, 2: 53-59.

Okiyama, M. 1988. An atlas of the early stage fishes in Japan. Tokai
Univ. Press, 1184pp.

Potthoff, T. and J.A. Tellock. 1993. Osteological development of
the snook, Centropomus undecimalis (Teleostei, Centropo-
midae). Bull. Mar. Sci., 52: 669-716.

Potthoff, T., S. Kelley and L.A. Collins. 1988. Osteological develop-
ment of the red snapper, Lutjanu scampechanus (L utjanidae).
Bull. Mar. <ci., 43: 1-40.

Potthoff, T., S. Kelly, V. Saksena, M. Moe and F. Young. 1987.
Description of larval and juvenile damselfish Microspatho-
don chrysurus, Pomacentridae, and their osteological devel-
opment. Bull. Mar. Sci., 40: 1-40.

Sfakianakis, D.G., C.K. Doxa, S. Kouttouki, G. Koumoundouros,
E. Maingot, P. Divanach and M. Kentouri. 2005. Osteolo-
gica development of the vertebral column and of the fins
in Diplodus puntazzo (Cetti, 1777). Augaculture, 250: 36-
46.

Stakianakis, D.G., G. Koumoundouros, P. Divanach and M. Kentouri.
2004. Osteological development of the vertebral column
and of the fins in Pagellus erythrinus (L. 1758). Tempera-
ture effedt on the developmental plasticity and morpho-
anatomical abnormalities. Augaculture, 232: 407-424.

Taki, Y., H. Kohno and S. Hara. 1986. Early development of fin-
supports and fin-rays in the milkfish Chanos chanos. Japan
J. Ichthyol., 32: 413-420.

Tochino, M., M. Yamamoto, K. Yamaga and M. Fujiwara. 2003.
Replacement of fish species form Sebastes oblongus to
Sebastes schlegeli, confirmed by the change of the appear-
ance juveniles associated with floating seaweeds in the cen-
tral Seto Inland Sea, Japan. Nippon Suisan Gakkaishi, 69:
805-807.

Vandewalle, P., I. Gluckmann, E. Baras, F. Huriaux and B. Focant.
1997. Postembryonic development of the cephalic region in
Heterobranchus longifilis. J. Fish. Bio., 50: 227-253.

Wagemans, F. and P. Vandewalle. 1999. Development of the carti-
laginous skull in Solea solea: trends on Pleuronectiforms.
Ann. Sci. Nat., 1: 39-52.

Yuschak, P. and W.A. Lund. 1984. Eggs, larvae and osteological
development of the northern searobin, Prionotus carollnus
(Pisces, Triglidae). J. Northw. Atl. Fish. Sci., 5: 1-15.



