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The skeletal development of the larvae and juvenile of red marbled rockfish, Sebasticus tertius
(Barsukov et Chen) was studied based on individuals that were discharged and reared in the
laboratory from April to May 1997. In 8 days after bearing, the postlarvae attained 4.42 mm in
total length (TL), and its parasphenoid, premaxillary, maxillary, and clavicle were ossified for
the first time at this stage. In 15 days after bearing, the postlarvae attained 5.23 mm in TL,
and its pterotic, basioccipital, exoccipital, opercle, and preopercle were ossified, with one spine
on the each cranium and preopercle. In 27 days after bearing, the postlarvae attained 8.81 mm
in TL, its vertebra were posteriorly ossified to the 15th centrum, and five spines were formed
on the preopercle. In 39 days after bearing, the juveniles attained 14.21 mm in TL, and the all
bones were almost completed at this stage.
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2209 o] (Sebastiscus tertius)= 2w o] H (Scorpae-
niform), oJ&-2Hk} (Scorpaenidae), 27 o]/& (Sebasticus)
ol &ohe e oAF=2 el % o], Sebasticus
mamoratuse} v]<=3}, 19783 Barsukov$} Chenel] 2]
3 FriEez ®uEgoh f2luetel A= 19936 7
3} o7} v/ 2oz wmsigom, Selikele] sl o)

5T, 95T % Q8L I3 Qo] sk o)

oo gt M 271N 5, 1999),
Hell " =4 (3 5, 1999)¢] U, 22 B o7 ¥
o], Sebasticus mamoratus®] 73-¢ Z7|AJFA (A 5,
19972, b)ell BT A7} ook Setetol ) 2 o
ghtoll &3 oJFEel W3 A7+ 2I]E, Sebastes
schlegeli (72} 3t 1991)3} E-2}, Sebastes inermis®] 4]
AR SE (R} 3F 1993; 71 5, 1993), &%, Sebastes
thompsoniz} 7| &, Sebastes pachycephalus pachyce-
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phalus®] JEHE 9 1Ffae] HREHE (3 5, 1996)°] 3l
a1, o) ZF°] 7% 3B} Sebastes oblonguse] JiEEA:
I AF U (Fujita, 1958), &3 AFHe] FEiry IR
(Mizue, 1958), 47, & % FF (Mio, 1960), 2822
4 (Shinomiya and Ezaki, 1991)¢)] |3t <179} 3 me]
-2}, Sebastes longisipinise] A:if 5 (Takai and Fuku-
naga, 1971), 7§ &-2te] fHA4:IE 5 (Shiokawa and Tsu-
kahara, 1961; Shiokawa, 1962) S-o| g1t}
FLYR o fi ] DA FelH ez fA15
PHEoz BF 54 v oj2le AHol
4 Q7o oz Hegdel 2
Aol BAMY e HAAY wnat,

i

Ao AbSE AaE 19974 19%E AHebd=
S ok Azeisdel o) ojFE Hepwel
23MA S SAFSE (4.0%2.0%0.8m)o| A ARSEE
44 27938 549 9U7kA o] (47 Suhel, A
27.5~41.0cm)So] AAAET Aols AMgsrAt AF
S5t v 124 Bekgw, AR Aol AYe
FRP4 (3 ton)ell ] A-s-shgl ovf, A187]7H5eke] %
2" 9= 16.0~19.5°C, ¥]E=H 9= 1.023~1.02599 .

A7) 7 Holgg AbE: F 19HE Chlorella
sp. (3~6 x 106 cells/ml), rotifer (Brachionus plicatilis,
10~ 1570 A/ml) 2! Artemia sp. A4S 22 Fol3kd
o, Fot A% ¥ TURE 2 512 sy, Ass
2& A ste] 2 o FA ATt

AAele] 24 HAE A ANl g A4E A5
5% Az a2 TAA|Z] & Kawamura and Ho-
soya (1991)2] o] F@ el oJ3le] WRFAH S N F
SAN AW AT R3S ARt [F, 2A1A
stelar, 49 72+ 1] =mA-e Kendall (1991) % Oki-
yama (1993)¢]] wlgtow, 7z} B 9= 0.01 mm7tx] &3]
sheieh

z o

=52 237} A2 gelen], 4% F 699
KA o] 4.21~4.48mMmE (4 4.32mm, n=5)%
As Z3He A skt

AHE F 89| F7|Afej= AAe] 4.23~4.60 mm (3
I 4.42mm, n=5)& 7}A MA| J§HEES (shoulder girdle)
o 7] mFe] $F (clavicle)zt A o] 58 1%

e A 5o Atele AAbe] 3.79~3.97mm (- 3.88
n

A
T ' '|=

21x9l . SEA|

o

H (jaw bones) ¥-3-] f|=e]l {ij L3HH (premaxillary),
£ FFEE (maxillary), o2 Eldl] # & (dentary)e] &1t
&17] A1zl o, BEE T (cranium)e] wiZFdHel] 7hs
a2 71w 7] 2eke] AlELE (parasphenoid)e] EiLE
oI} (Fig. 1, A).

A 3 1199 F7|Afel= AHAe] 4.38~5.02mm
(H 4.64mm, n=5)= FAEIC] TZFH %EF (fron-
tal), T (parietal), 1458 (supraoccipital)e] &1t 3}
7] A1kl az, ol E #iE ol Sl R (articular)
o] HAk3t7] AlFpstolow, [1HL (palate)] HIEHF
(hyomandibular)e] #z=2 #FiLst7] AlzEEAH. &5
5 (hyoid arch)oll £ 75 & (ceratohyal)®} F5& (epih-
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Fig. 1. Skeletal ossification of Sebasticus tertius (Barsu-
kov et Chen).
A: Postlarva, 8 days after bearing, 4.42 mm in
total length (TL); B: Postlarva, 11 days after bear-
ing, 4.64 mm in TL; C: Postlarva, 15 days after
bearing, 5.23 mm in TL; D: Postlarva, 21 days
after bearing, 6.54 mm in TL.
ar: articular; bo: basioccipital; br: branchiostegal
ray; ch: ceratohyal; cl: clavicle; dt: dentary; eh:
epihyal; exo: exoccipital; f: frontal; hm: hyomandi-
bular; iop: interopercle; mx: maxillary; ns: neural
spine; oot: opisthotic; op: opercle; pa: parietal;
pmx: premaxillary; po: preopercle; pro: prootic; ps:
paraspenoid; soc: supraoccipital; sop: subopercle;
suo: supraoccipital spine; pto: pterotic. Scale bars
=1.00 mm.
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yal)o] Bfk3sl7] Azbslglon, 2719 A= (branchio-
stegal ray)¢] Fitated f4E &l FA 3 (Fig. 1, B).

A& %5 1599 F7|A}o]= AMAo| 4.81~5.51 mm
3 ﬁ 5.23mm, n=5)2 JEHE L] FHF (pterotic),
14 BAE (basioccipital), #M%BE® (exoccipital)o] Bt
3171 *V‘?S}MJ-, SHIAER 1709] Mol A=A o,
of7bu| 57 HE-& A A|E= AN (opercular)ell AHz}
3 meke] FAN = (opercle)t 7Hsar 71 A m el 174
o] #E 7H AN = (preopercle)o] X z=2 H{L3}7]
A1 #Fakad et (Fig. 1, C).

AbE & 2148 F7|Abel= AAbe] 5.83~7.10 mm
(84 6.54mm, n=5)= FHEE I A7) 5 (opisthotic)3}t
NI E & (prootic)e] Hftatadar, #Hifel =L =g
A7) = (subopercle)s}t 7HA] 7] Z (interopercle) o] &1t
sl om, AR HEHA F7tEE 3709 A7
FAE A HESE 5708 MzFeo] Fibstadar, B
H (vertebra) SFENARE 571 ik (neural
spine)e] F1{t.3}sd e} (Fig. 1, D).

AbE & 2798 F7|Atel= AAbe] 7.94~9.85 mm
(B 8.81mm, n=5)2 A7) Zel 5702] fo] HFA =
AL, ofele] Foll 44 (angular)o] Fftste] HRE
=49 Bi7t = ew, [1F S [#F (palate),
S ER 1 (ectopterygoid), 7 4 (quadrate)o] F{k3}7]
AlzFstodet. BEE Tl _EE & (epiotic)e] HiL3tad L, A
Fell IR Lol BN, HFHEF-> WA 1
gZoz Ffste] 17709 MRl (centrum)Zt HALE A
o} A =2 w5 A A= A (pelvic girdle)o] #H %
2 g3l Al=betd 2, 18 Rk (interhemal spine) 2}
TAE Bk (interneural spine)e] &1L3}7] A]=}38}9d o,
Brdhel $aEel A% FEe LMEEE (supratem-
poral), 884 (supraclavicle)Z} 27§12 f4$84 (postcla-
vicle)o] #{tsl7] Al=tetsdet. mE kel 6719 Az
o] Fibsled Mz==e] A7t A=A (Fig. 2, A).

AlZ & 3399 Xo]x= HAre] 9.80~12.36 mm (FF
11.24mm, n=5)2 o] A|7]dl] EF3= TAE= 2H
ol HRRiH (preobital)e] FHz= -Fitslr] Alzteleda,
EEHe IS E (nterhyal)? T (hypohyal)e] &
featsdom, B K% E (coracoid)s} J§ & (sca-
pula)e] Hib3tAt FHEE-> 21709 MEREZ}F Bkl

JFE# AR (urostyle bone)ﬂr A1, 2 TREE (hy-
pural bone)e] Htal7] AlzsiAet. EiEE Sl BiL7t
A= e, 10 S 670 A [k o]
HFi e = (Fig. 2, B).

ArE F 3999 Hol:= HA o] 14.14~14.27 mm (F

& 14.21mm, n=5)2 FEHEIS P)F (vomer), F (eth-
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Fig. 2. Skeletal ossification of Sebasticus tertius (Barsukov
et Chen).
A: Postlarva, 27 days after bearing, 8.81 mm in
total length (TL); B: Juvenile, 33 days after
bearing, 11.24 mm in TL; C: Juvenile, 39 days after
bearing, 14.21 mmin TL.
a: actinost; af: anal fin; al: alisphenoid; an: angu-
lar; co: coracoid; df: dorsal fin; e: ethmoid; ecp: ecto-
pterygoid; en: endopterygoid; ep: epural bone; epo:
epiotic; f: free interneural spine; hh: hypohyal; hs;
hemal spine; hy: hypural bone; ihs: interhemal
spine; inh: interhyal; ins: interneural spine; I: late-
ral ethmoid; mt: metapterygoid; n: nasal; pal: pala-
tine; par: parapophysis; pcl: postclavicle; pel: pelvic
girdle; ph: parhypural; r: rib; pre: preorbital; g:
quadrate; sca: scapula; scl: supraclavicle: sob: su-
borbital; st: supratemporal; sy: symplectic; uh; uro-
hyal; ur: urostyle; v: vomer; vf: venteral fin. Scale
bars=1.00 mm.

moid), £& (nasal), #2E & (sphenotic), {5 & (lateral
ethmoid), E#2% (alisphenoid)e] HiL=lo] SEFH7 &
A=l (RERe] RTF (suborbital), HHERS] BEE
(urohyal), ZE#S] NEAKH (ectopterigoid), L EARF
(metapterygoid), #%##& (symplectic)e] FHft=e] A
o Firt A=A BHEE S 25 (10+15)702] #HE
fael 870l MF (rib)e] =% BfL3l L, A3, 4,5 TR
i %T}%ﬁ]ﬁ"(parhypural) | R4 (epural bone)
o] Hit3lal B 4T E (actinost)o] &1L3}
o, BE 17%] ﬂ”ﬂ“‘:‘r(Flg 2,C).
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FESFL o] R o] Al7|d] 27+ FEH SAK e
2 BFel sl eEife] wzE= gEEREES] He H
BEEE O AL A, Ao 27) 8l iz A F
T8I Ei A= o)8HH, 53] A<l K
o kel A% 17198 BA= vl Fest, o5
A AL A Be s A BEse
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(Okiyama, 1988).
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Table 1. The developmental process of visceral skeleton and cranium of Sebasticus tertius (Barsukov et Chen)

Total length (mm)
Characteristic

5.00 7.0

9.00

11.00 13.00 15.00

Preorbital

Orbital region Suborbital

Premaxillary

Upper jaw Maxillary

Dentary
Lower jaw Articular
Angular

Interhyal
Urohyal
Ceratohyal
Epihyal
Visceral Hypohyal
skeleton Branchinostegal

Hyoid arch

Hyomandibular
Endopterygoid
Palatine

Palate Ectopterygoid
Metapterygoid
Quadrate
Symplectic

Opercle
Subopercle
Preopercle
Interopercle

Opercular

Parasphenoid
Exoccipital
Supraoccipital
Basioccipital
Frontal
Parietal
Vomer
Cranium Nasal
Opisthotic
Epiotic
Sphenotic
Pterotic
Prootic
Ethmoid
Lateral ethmoid
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Table 2. The developmental process of fin skeleton and vertebrae of Sebasticus tertius (Barsukov et Chen)

- Total length (mm) 5.00 7.00 9.00 11.00 13.00 15.00
Characteristic
Clavicle
Supraclavicle
; Shoulder girdle Postclavicle
Fin 9 Coracoid
skeleton Actinost
Scapula
Pelvic girdle Pelvic girdle bone
Vertebrae

Parapophysis
Hypural bone 1, 2
Hypural bone 3, 4, 5

Vertebrae - -

Free interneural spine

Urostyle

Pleural

Epipleural
sl SR, G0, AU o) M2 ksl 442 F 30 kel $2aWels) el E ehyslh
od ﬁéiﬂd%}ﬂ 1421mme W 2E FZ o] A F . Mook (1997)¢l] 2]3}H, o] 72 #ifes 159 A2 W
Flol (7 &, 19973, b)= AME ¥ 54, A AAe] Aol o3l Fit7t BAIEH, o3 A9 Aol
33smmd W Hz= FHibrt A= AR F 394, BiLEe Aol Ao W3lE x#sled xx|oje] =
o AAbe] 1436mme o o FEe] Bt A=A Aol ohefst Wsts & 4 o AHEEE, A
T, 2982 (7 B 1001 AE F 6~7, HF A Aol BA AFE AXe)7)Y 5 B ok A
Zbol 7.0mmd o Aoz Bt AlFEH ALE F o]8] 24 o3 B A% FA =g FRE HE
30~31¢, 13.4~16.7 mm2] 7Hzﬂ°ﬂf\1 7 2= Ele] wak ofuzl ckER o] {Eel HF AAA
ool Aoz wob Hegwold Bk x2S B Q77 AdHelof shilek
o) Fal ol sh wl s, B 01%1 EREER)

e g 3o
poguols WA B LA, E YR, BB
W) B, HEE) Ao Az BLaded
(Table 1), o] 2wo] (7] %, 1997a, b)¢} Fdslw, =
)2 (A5 T 10013} B (A 5, 1993)E A7HE]
AAAZH AN Bt A Lol S Aol
2 B AT oE H 2F e TA: ol
B WE e sk, o AL Aelg} 3 5
AEe 95 Ao w7 5, 1993).
gegole] AR Fiz FANEH Aol
Aol BEE 7] Atsled spA RS A2l L
9434 (Table 2), o] % ¢l () 5, 1997a, b), £3]%
(7134} 38k 1991), = (R &, 1993)F F-AFH-
seguole] FiERe] Bk (Table 2% %4 ol (3]

%, 1907a, b), 292 (A5} &, 1901), 2= (3 5,
1003)7} AP HHERS bEolM HZew s}
AT, MRS B S H7He) Rk
Bel Bk AHEAT, 2w (19 3, 19012
) HEREsl A0 b Fol RHHIKE O B

¥ 2

19971 197H Aehdz dmd delelr dge]
o o5 ojR} Fewels KAzl AL
%, 497 590 A2 Aol B AFgAA B
B ARole BAVIRYE 87 et

AlE & 899 Z7)|Rlo]= AHAFo] 4.23~4.60 mm (H
I 4.42mm, n=5)2 7}A WA FHEES (shoulder girdle)
ol $8# (clavicle)Z}t 3H (jaw bones) ¥--2] $1=el i

3 E (premaxillary), £ EZEH& (maxillary), o}l & el
& (dentary)e] F1{t3}7] Al=tstol o, BHELT (crani-
um)®] i ZHe| hea 71 7] meke] gELE
(parasphenoid) o] &L=t

Az & 1599 Z7|Rte]= HAe] 4.81~5.51 mm
(F 5.23mm, n=5)2 FEZF I EEE (pterotic), &
F£1% 58 (basioccipital), #}M%3EE (exoccipital)e] &1t
s17] Al1zbebedan, BHIEERC] 1709] el Ao,
M) (opercular)el] FA) 70 = (opercle)®t 1719 FiS
74 A7) = (preopercle) o] Hzx= HAL3sl7] A28l

—
M
>
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R, FHEE-S HeZed M melFoz Hflste] 1574
o] HeRE (centrum)Zt HALE A

AHE Z 3999 Ho]= HA o] 14.14~14.27 mm (F
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