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The fertilized eggs of Hyporhampus sajori (Temminck et Schlegel) were collected on the
shore of Youngil Bay, Phohang-shi, Korea, on May 27, 1991, and were hatched and reared in
the laboratory to investigate osteological development of larvae and juveniles. The newly
hatched larvae were 7.00~8.50 mm (mean 7.80 mm, n =5) in total length (TL) and had an
ossified cranium, visceral skeleton and shoulder girdle bones. At 8 days, the larvae had
attained 10.07~14.75 mm (mean 13.07 mm, n =5) in TL had elongated dentaries anteriorly,
and their vertebral columns were posteriory ossified. At 14 days, the larvae had attained
17.62~19.35 mm (mean 19.20 mm, n =5) in TL, had ossified pterygiophores, and 41 slender
ribs on the vertbrae. At 16 days, the larvae were 18.90~24.72 mm (mean 23.00 mm, n =5) in
TL and had three ossified epurals.

Ossification of the jaw bone and operculum of the newly hatched larvae, which was related
to feeding and respiration was almost completed 37 days after hatching.
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M = gyxlel #A AFEE PR FEd (o]
2001), <HA I WHUAF R (R 5, 1984), AFAH(AH,
&+3%], Hyporhampus sajori (Temminck et Schlegel) 1931), Ji=}t 4F 2] el (Inaba, 1931), F-2], Colobabis
= E=7-X H (Beloniformes), 33X]%} (Hemiramphidae), saira®] i3} fFmele] Abo| A (iEAE, 1958), A &3t
332§ (Hyporhampus)ell 431 o F24], 2] vzt AT (BT N, 1963)9) A=A E] (Senta, 19664, b)
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23 AR ] s o|uh (A, 1977; 5B 733, = glont, fFffEf Aol o I B



Ao AMeE A8E 19914 54 27 ANEE =
Al sk whelz] o] ZpAERAIRA o @
ok (Fig. 1)l 4] =AHHEF- (Sargassum sp.)ol] F-2= o] )

32 pHBE Aot R AelE AHgs}
om, A}8-& wjeFar el 9l FRP 2~ (100 X 200
100cm)el A 2|4l 2 shelet.

AR&-42-8 17.6~23.2°C (¢ 20.3°C, 654 7HH 1,
A g WY 13) Bpeigon], Bake A%z
ol 10%, AF&-37) ol = 50%S 43t}

RS 8717 5 Hol 23t & 102744 ro-
tifer (Brachionus plicatilis)S 33393, 23} & 6Y
HE 2047FX] &= brine shrimp (Artemia sp.) nauplius &
A& ok 33} F a59nehe n ol
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Fig. 1. Map showing the sampling area of Hemirampus
sajori (Temminck et Schlegel).
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FEEfS] AL FEEF (cranium)Z AEE (visceral
skeleton)2 o] Fo]x glow, [FHFE (shoulder girdle
bone)2 FEEE S 4{HIFEE (post-temporal)z} 43}
3, kA =l s AR g s AFHEfRe] Al
w2 ol & HEF, AT 2 BWEe 4 ¥d 44
< o3 o
w4

5<l
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2 00~8.05mm (3 7.80mm, n=
EEES TASNE 2A BB (para-
sphenoid)e] Amefoz F3siglon, 7hEA =&
AR s FER TN, B (Cleithrum)o] 22z 2
sstad et (Fig. 2A).

33l = 1d4, A o] 7.65~8.70 mm (FF 8.08 mm,
n=5)%l fffax BAHEIS SMREAH (exoccipital)} £k
%58 F (basioccipital) o] 8152 ol F3}alolom,
B& 2| A|3l= ZHE (jaw bone) 3=, £ F%H
BB (dentary), Bi&i& (articular), 332 #5 (opercular)]
F 52 (opercle), & (palate)2] [1EH (palatine)
I, 1 FZol| SREKF (metaperygoid) o] #x2 F3}3}
7] A=rakgie} (Fig. 28).

n3l & 394, AAo] 8.60~10.90 mm (FF 9.83
mm, n=5)Ql fFfat BIRLE S viz FFe| NFHE
%85 (hyomandibular)®} 75§ (quadrate), & 5 & (hy-
oid arch)®] 475 & (ceratohyal)e] =3}3}7] A|2Halsl e

p

o] 7.
= G

& (maxillary),

w, BHE L] ARIEKRIAFS] I HF (epiotic)2}
EFB#Y s2{&E (branchiostegals) 2717} F3}8}7] A

z+stod ot (Fig. 2C).
B3l % 5dx), AAle] 875~12.15mm (FF 10.47
mm, n=5)Q] 1Ffa= Z0F (frontal)o] ¥2] $|=] =3}

11

[e]
»‘
< #H



33X FHEA

&7 A2kl om, SR EEE ] Zel i H B (prootic)
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Fig. 2. Skeletal ossification of the cranium, visceral
skeleton and shoulder girdle bone of Hemirampus
sajori (Temminck et Schlegel).

A: mean 7.80 mm in total length (TL); B: mean
8.08 mm in TL; C: mean 9.83 mm in TL; D: mean
10.47 mm in TL; E: mean 12.28 mm in TL; F:
mean 13.07 mm in TL; G: mean 19.20 mm in TL;
H: mean 19.94 mm in TL; I: mean 28.10 mm in TL;
J: mean 35.25mm in TL.

an: angular; ar: articular; as: alisphenoid; at:
actinost; bo: basioccipital; br: branchiostegal; ch:
ceratohyal; cl: cleithrum; co: coracoid; dt: dentary;
eh: epihyal; em: ethmoid; en: endopterygoid; ep:
ectopterygoid; exo: exoccipital; et: epiotic; f: fron-
tal; gh: glosshyal; hh: hypohyal; hm: hyomandibu-
lar; io: interopercle; mt: metapterygoid; mx: maxil-
lary; op: opercle; p: prootic; pa: parietal; pcl: post-
cleithrum; pf: prefrontal; pop: preopercle; ps:
paracphenoid; pt: post-temporal; pto: pterotic; Q:
guadrate; s: spenoid; sca: scapula; scl: supra-
cleithrum; scf: scapular foramen; so: subopercle;
spo: supraoccipital; sy: symplectic; uh: urohyal.; v
vomer. Scale bars indicate 1.00 mm.
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om, #ikF o] 47NZ F718tdo (Fig. 2D).

B3l ¥ 794, Aol 9.40~13.90 mm (BF 12.28
mm, n=5)¢l fffax F LG vistd gEge F3}
7b s AdEH e, LEFE dFe HEH
Fi 32 3 5 (preopercle)}, H SIS & F (epihyal)Zt
T (hypohyal)e] Z3}7} A 2+std e} (Fig. 2E).

B3l & gyH], AAo] 10.07~14.75mm (FTF 13.07
mm, n=5)¢l fFfas HHEES FZHel HEFHWS BE
H (spenotic)? EHF (pterotic), 12|32 FIHF 2] $F&
o @5 (vomer)e] FH o] F3}317] A28l o, 52H
#3e] [H 22 % & (interopercle)o] F3}3}7] A2t
Z37) whE EE e SRR A dFoz AAtE e
F3}sl7] AlRbebdar, JE ARl KWk (coracoid)o] 4
B FE olRE FIsion, $F e TRl
w13 o (Fig. 2F).

B3l & 149%], AAo] 17.62~19.35mm (3T 19.20
mm, n=5)3l fffas ZHFe Fl Fif (ethmoid)h
T IFol| Fi%HF (prefrontal)e] 313l om, #E
o] k&0 7 Jhex ZA F3) AU FEEE
$HEe xR E#8E (supra-cleithrum)o] OﬂﬁE]OJ
=319l a, EME (scapula)e] kel 1AM =
337 AlAbskde. EME S Fdele BEWNE 79
(scapula foramen)e] A= glom, A1, 2 & H & (acti-
nost)e] =3}sl9d T} (Fig. 2G).

B3l & 1594, AAo] 18.50~20.65mm (3 19.94
mm, n=5)Q] 7= FEES] 9%l L1%¥AH (supraoc-
cipital) ¥ $85 2] 1% ol 1&{IEEF (post-tem-
poral)®] X317} AlztE gl o, NEIKE (endoptery-
goid)o] [I#EH ollFolA F3}sl7] Al=tsida, HE
H (glosshyal)#} 127]¢] s fEf el F3}sldch BT
2] #4%8F (post-cleithrum)e] FIRE FZd 7l=x
A Z3petol o, Ee FF FHESAAM ERE
I BkEeol g3, Al 3, 4 §HEe] (7171 e
Weh(Fig. 2H).

B3} & 2494, 21Ae] 26.10~30.40 mm (FF 28.10
mm, n=5)3] fFfas BEEI] & FFel HELF (alis-
phenoid)e], F1%JHE ] o ZFell g IHH (parietal)o]
F3tee] HEHS FAo SFHAH EREHY BE

# (urohyal)o] & ol Fel| F3}3}9 1, BT
A| 3, 4 it g o] Z3beted HHliE F3rF A=A
(Fig. 2I).

B3} & 3794, AA}o] 32.37~44.95mm (I 35.25
mm, n=5)8l % 101% BEE F1Ze A3t 5He A
A HHE 3 de] A A A2
ﬁaﬂ(angular)ﬂr A8 H (symplectic)e] FE 9] F|Zol



176 R
Zststel AT [EM] T3t AUt w3 &
HERe] EigE o] 137 F3}sle] Aol F HREHE
st g Eon, el 2A0 Aol vlxw

e 23 =y, Fais 23 44 Ee] Ao
2 el 23 S (Fig. 29).

2. HlEd, WER 2 BERE

n3} 2% AAlo] 7.00~8.05mm (FF 7.80mm, n=
57l fffas oFd =37t dofhAl dskew, R
(notochord)®] Tte] 912 Fo] 13T} (Fig. 3A).

B3l & 2dx), AAbe] 8.24~9.65mm (¥ 9.05mm,
n=5)]] {Ffax 2271¢] k4 (vertebral column)7} 3}
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37] Alzbetel o, Sk 3A7bA] o] MR Sl
#& il (neural spine)o] =3}t t} (Fig. 3B).

B3} = 495, A& o] 8.67~11.87 mm (JF 10.00
mm, n=5)] fffas Mg 3R Mgl dSEE
TSR MR (hamal spine)e] 37 A deowt
o B MmEm-> oFd F3b AHA edskot
I $7F 1902 Aol Dkl e, [fiiE S M (hamal
arch)e] 3A=7] A|ztetgiet. w|e] wix|=t i -2
A AA FejA AR Hef 3+ (Fig. 3C).

n3 = U, AAle] 9.90~13.65 mm (P 11.18
mm, n=5)3] fffi= 6070 2] MfR7 A mefo = <
A3 37 sHAE A, el = A S ' (neural
arch)e] JA=7] Al=tslsdom, MM 1E M el

FEIF B8 = B
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Fig. 3. Skeletal ossification of the vertebrae, pterygiophore and pelvic gridle bone of Hemirampus sajori (Temminck et

Schlegel).

A: mean 7.80 mm in total length (TL); B: mean 9.05 mm in TL; C: mean 10.00 mm in TL; D: mean 11.18 mm in TL;
E: mean 13.07mm in TL; F: mean 19.20 mm in TL; G: mean 35.26 mm in TL.
hs: hemal spine; nc: notochord; ns: neural spine; pg: pelvic girdle bone; pp: parapophysis; pt: pterygiophore; r: rib.

Scale bars indicate 1.00 mm.
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AA3) FAFGH A 1~12HA EHMeEE (caudal ver-
tebra) Abo] 8] F&} wiZol| Z}7; 16704 ] FA] =n]
9} SA=n|E A X|s= ¥ 55 F (pterygiophore)e]
717} vebt o, 48 # 4 (abdominal vertebra)®] ¥ Z, 7
7Ne] iR ol Zell {HIZEk (parapophsis)7t A=
o} (Fig. 3D).

n3 & gax MAe] 10.70~14.75 mm (3T 13.07
mm, n=5)3] A7 fii= EHEE ] ofA R A A {AIZEk
7} FAER o, kel S el k3] PAH
a1} (Fig. 3E).

B3l & 1444, AAo] 17.62~19.35mm (FF 19.20
mm, n=5)3l fffx EiEl 402 7sx 7 e
(ribyo] talel WS Hsalelct 53 SA2rE
A A= E ol 47 16~1704 F33te], 1 57}
Aol Fatd Tk Al 1, 2, 3 S $RHo] M E o
nlg o] = gic} (Fig. 3F).

B3l & 3744, AAbo| 32.37~44.95mm (I 35.26
mm, n=5)Ql X A 25~27HA| fHHEF o ol
WA =2 n] & AR sh= JEAE (pelvic girdle bone)o] =
s}t o, Al 1~ 734 o] ik o] g EEE W E o
BHeE, BT, > Adelel 243 v ¢

=3l (Fig. 36G).

3. BH®
13l & Aol 7.00~8.50mm (FF 7.80mm, n=
5)Ql fFfaxs ob® F37F dojubA] dskont, A Adwt

o] $12 wof U=t (Fig. 4A).

B3l & 194, AAe] 7.65~8.70mm (I F 8.08 mm,
n=5)el 1Ffax A1 FEE (hypural bone)=} |2
REihiel §3d=e] F33816 3, A3 TR#E 1 ¢
o Z3}s}7] Al2Heksd e (Fig. 4B).

B3zl & 494, AAo] 8.67~11.87 mm (3T 10.00
mm, n=5)8] /7 fa EE#IkE (urostyle bone)o] 3}
o} A #ET Rl (parhypural)e] 7bsi ZAA 3}
sl o, Al 4 T RilE o] F333] v (Fig. 4C).

B3l & 594, AAe] 8.75~12.15mm (HF 10.47
mm, n=5)¢l frfat BEHEikE ¢ Hisrt =3
stdow, BEMBRE S %oz F3pr) 2YEe] T
Rihg s FARFez HLeH95, i H (uroneu-
ral)o] 1 $ellA F3}319dc} (Fig. 4D).

B3l & 794, AAe] 9.40~13.90 mm (HF 12.28
mm, n=5)¢l 7 fas ¥TREME ] FA, A 1 T R#hE
ot A ZF3}3t 3L, Al 3, 4 TR#NFE o] §=] e
37] Alztslsl e, A5 T REE o] 7HsA F3Fskdh

Fig. 4. Skeletal ossification of the caudal skeleton of
Hemirampus sajori (Temminck et Schlegel).
A: mean 7.80 mm in total length (TL); B: mean
8.08 mm in TL; C: mean 10.00 mm in TL; D: mean
10.47 mm in TL; E: mean 12.28 mm in TL; F:
mean 23.00mm in TL; G: mean 35.26 mm in TL.
ep: epural; nc: notochord; hs: hemal spine; hy:
hypural bone; ns: neural spine; phy: parhypural,
u: urostyle bone; un: uroneural. Scale bars indi-
cate 1.00 mm.

(Fig. 4E).

B3 % 1694, AAFe] 18.90~24.72mm (¥ 23.00
mm, n=5)Ql 1Ffat 30 FREE (epural)e] Z3}3}
A} (Fig. 4F).

B3} & 3744, H1Ao] 32.37~44.95mm (JF 35.25
mm, n=5)¢l fifas BEERE oo HRtel d<d
MR e ol FAE AL, MRS Ak
2 wofog EalslA wdsldow, M= M =oF
o2 9A wsidol Al 1, 2 TRE D A3, 4 T &l
Fol A7) A meofog w|RBAIFe| ©hahd] 2HE
o el Ao s 25 (Fig. 4G).

A g me AU I4E vy, =

719] 8k A5 F3E Ao} QY Ao wo}
) A A RE Ao 237} A4 B AE

& gde

13l A& AA o] 7.00~8.50mm (FF 7.80mm, n=
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5)% fFfelA =37t AltE e, B3 £ 37dA A
32.37~44.95mm (3 35.25mm, n=5) fifae] o]=7
o] FAe] st H =, 2 A Fel 7o} vlwst
of ol ElE A A e WiEe] We] gtoz ARHE
S FeHE FHskoh

FEEe] AL ZHAEF}S] Achosargus probatocep-
alus (Mook, 1977)8} F%x| (4= 7], 1984)¢} =}x71A]
2 EEFSY BIRE, SMRIEE, BE%ES, LHE, HE
Fol * LB E, a, BEE, DM D&Ea, SR
B, BEMY LHEEFS 719 A FFEoe,
53] & A AT AMES 274 F3}bekal
th(Table 1). o] ¢} 22 2 |4 g8 o F2 =4
e A3 vt o, shEAe] el fFfa

:i
el
m

o] WA whe] F4E 1, Y3 o] g3 Aol
F3telr] o el AES 3t 559 R EHE
FUAHFE ek sk Y H5oz A=
SEEEIS NG 2 REY 42 Aol Exo F
7 b 214 (Park and Kim, 1987)2} Abgs] w]4=3ld],
o7& stFx|e} FX|7} 72 HHH (Suborder Exocoe-
tina)ol] <43led, o] 52 AlahAel e} Ay&HA o] w]E}
7] &<l Aoz A=

329 AS Farie] 24 dg Aol %‘*ﬁﬂ/l
4 W B Eo 1A dejub=t (Table 2), o] 7>
TR f3dte 544 FHEE S de] Al
ojof 3}7] w2l Aoz 7oL
FHeE el F3t= B3l 294, AAe] 8.24~9.65mm

Table 1. The developmental process of visceral skeleton and cranium of Hyporhampus sajori (Temminck et Schlegel)

Days after hatchng .
Characteristic

10 15 20 25 30 35

Upper jaw Premaxillary

Maxillary
Dentary
Lower jaw Articular
Angular
Glosshyal
Urohyal
. Ceratohyal
Visceral Hyoid arch Epihyal
skeleton Hypohyal
Branchinostegal
Hyomandibular
Endopterygoid
Palatine
Palate Ectopterygoid
Metapterygoid
Quadrate
Symplectic
Opercle
Opercular Subopercle
Preopercle
Interopercle
Parasphenoid
Exoccipital
Supraoccipital
Basioccipital
Frontal
Parietal
Vomer
Cranium Prefrontal
post-temporal
Epiotic
Sphenotic
Pterotic
Prootic
Ethmoid

Alisphenoid
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Table 2. The developmental process of shoulder girdle bone, vertbrae, pterygiophore, pelvic girdle bone and caudal
skeleton of Hyporhampus sajori (Temminck et Schlegel)

Days after hatchng 5
Characteristic

10 15 20 25 30 35

Cleithrum
Supra-cleithrum
Shoulder girdle Post-cleithrum
bone Coracoid
Actinost
Scapula

Centrum
Neural spine
Hemal spine
Parapophsis
Rib

Vertbrae

Pterygiophore

Pelvic girdle bone

Hypural bone 1
Hypural bone 2
Hypural bone 3
Hypural bone 4
Hypural bone 5
Parhypural
Epural
Urostyle bone
Uroneural

Caudal skeleton

(3 9.05mm, n=5)31 47 fael| A HE HefErl F3}He}7]
ARl AR me) wpoz ddE g, Hsn
F3P7F =A AR MRS A ] -SE e AR
o] 3o wh2A APEgon, =3k Eife] Mg
o RHERE ) WA 37k g ont, B3e o
A2 78 Al o] FoH Tt (Table 2). o] AL o]/ &
WS Bohe 250 $43 ABPAA olse] 3
7} B4 = =49 (Mook, 1977), 3% 2] o2 EAL i
ez §o¢ o1 40 % Aoz Azd,

A =Hu|E XA s}= #sEH-2 olo], Cyprinus carpio
(Itazawa, 1963)¢} ZE (Kohna et al., 1983), 7}&%],
Chamna argus (Itazawa, 1963)0)| A &} w}Z71x| 2 FHH
F Argn] £7] Bg =A Z3E, HHEE L A
rejn] 27171 Ao A=l Fof 3] F3) o] e
A, oA Areln] 279 B3} Gue] ofFr}
frdsted FAHE F7H7IE 9 3k o=
A7,

19914 5¢Y 279 AE %3] A3 vlo

g
ZFPATEAIGA & bl A7 T, Hypor-

hampus sajori (Temminck et Schlegel) =3 2ol A -3}
g 7ol & ARSSPHA s A wel 240 W
e wEs

nsl 2% AdAke] 7.00~8.50 mm (- 7.80 mm,
n=5)2l fFfaE HEEF, AlE % BwEe 3t A
Zeon, 13t & gdA A 10.07~14.75 mm (JF
13.07mm, n=5) fFf s #iF ol =3st7] Alabete], &
Zoz 7bex AA F37t AP

B3l & 1494, AAo] 17.62~19.35mm (3 19.20
mm, n=5)3 fffi= #EEE 3 delgen, H
Mol 41709) 7 71 fd o] F3skaH-

B3l & 16U4), AAe] 18.90~24.72mm (3T 23.00
mm, n=5)] 7 f= 3702 EREF °] =33kt

F70] F3= Aelet sl A" HEI} HEM
NA Z37E A EE e, 3 F 37d A Ao
32.37~ 44.95mm (FF 35.25mm, n=5)el Hfael o]
28 2E FH o] SAHAH-

g
1
=

[=
a8 =
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