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Osteological Development of the Larvae and Juvenile in Konosirus punctatus by Ji-Hoon Seo, Kwan-
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Fisheries Sciences, Chonnam National University, Yeosu 59626, Republic of Korea; 'Fisheries Science Institute, Chonnam
National University, Yeosu 59626, Republic of Korea; Department of Fishery, Marine, Industry, Tourism, and Leisure,
Chonnam National University, Yeosu 59626, Republic of Korea)

ABSTRACT Five days after hatching in Konosirus punctatus, the larvae were 5.86~6.21 mm
(mean 5.96 mm) in TL and ossified parasphenoid, prefrontal, premaxillary, dentary. Sixteen days after
hatching, the larvae were 9.66~10.18 mm (mean 9.96 mm) in TL and ossified prootic, opisthotic,
ectopterygoid, and epihyal. Twenty-five days after hatching, the larvae were 11.02~12.64 mm (mean
11.03 mm) in TL and ossified supraclavicle, posttemporal, four actinost. Twenty-eight days after
hatching, the larvae were 11.98~12.81 mm (mean 12.34 mm) in TL and ossified frontal, pterotic,
epiotic, exoccipital, basioccipital, preorbital, maxillary, hyomadibular, preopercle, opercle, hypohyal.
Thirty-six days after hatching, the larvae were 15.26~16.39 mm (mean 16.11 mm) in TL and ossified
scapula. 37 days after hatching, the larvae were 15.33~16.87 mm (mean 16.25 mm) in TL and ossified
ethmoid, nasal, parietal, supraoccipital, and suborbital. Forty-five days after hatching, the larvae
were 20.01~21.83 mm (mean 21.14 mm) in TL, and the shoulder girdle was completed by coracoid
formation. Forty-eight days after hatching, the larvae were 22.46~24.03 mm (mean 23.20 mm) in TL
and ossified articular and subopercle. When the juvenile reached 27.11~34.09 mm (mean 30.11 mm)
in TL (53 days after hatching) completed ossification of the cranium, vertebrae, pelvic girdle, shoulder
girdle, caudal bone, and pterygiophore.
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T3t & Walker and Kimmel (2007)¢] e} G443} Tt
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#n| 7 (SMZ800, Nikon, Japan)Z ©]-&3te] TAHZ, WA=
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Ao ZAoje HegHA o E ZAYITS FAZ
(cranium), A& (shoulder girdle bone), L (pelvic girdle

fin), W& (visceral skeleton), 2132 (vertebrae), U] & (caudal
skeleton)2 &30 25} GI .

Aol B3 = 594 Aol= HAo| 5.86~621 mm (B
596 mm, n=5)2 F/&o 7t=chd A} 2 FHZ (ps:
parasphenoid)@} ZHYZ (pf: prefrontal)©] Z3}3}7] A2}
I, WaEelA 8& AASHe o= SE AAerE (pmx:
premaxillary), o}l o] | & (dt: dentary)°| 7} HA Z3}3}
At} (Fig. 1A).

H3l T 6dA o= HAo] 5.88~643 mm (F 6.09 mm,
n=5% AFL = FA|l= HY oA HFZ UF
A EE 10719 E-3=Z (abdominal vertebrae)o] &3}5}% 1, o}
7ha] ¥t2 Holl 7H= AR Y] HF (cl: clavicle)©] 7H HA]
=315]7] AZFsHGiTh (Figs. 2A, 3A).

3t 5 164979 Aol ARl 9.66~10.18 mm (Bt 9.96
mm, n=5)2 He]FE HolZ (pro: prootic)T Fo]Z (opi:
opisthotic)©] 351, WH-Eo= F50] & Y=
(ecp: ectopterygoid), A= A Z (eph: epihyal)o| =3}
sttt AT GZAARE 1749 BEFZo] &3 =5
SR, HF X FE 5712 £E7] (pa: parapophysis)7t =3}
st E3t 771 9] u]3F (caudal vertebrae)o] =3}l 0,
SFE| A EE 17712 A7 = (ns: neural spine)°] =33}
A= B H= Foll F4= (pel: postelavicle)o] =35t
9t} (Figs. 1B, 2B, 3B).

B3} B 2597 Aol M| 11.02~12.64 mm (BT
11.03 mm, n=5)& u]3Zo] 26712 Z7}3te] HFZo)
16~17+25~26=41~4272 A3 =3 &= (hs: hemal
spine)°] A= e, ZE7171 TR F7Fsttth. E3L, o]
Al7]0] H]H-E4E (us: urostyle bone)°] A5o2 EoHH Qi
AdZolAE HF vt= $oll Al Z (scl: supraclavicle)©] &
3k5kaL, I 9ol F5F= (pt: posttemporal)o] A2 &
3lst7] Ao, 4709] AFEE (ac: actinost)©] Z3H5H%
o} (Figs. 2C, 30).

53} & 2894 Aol HAO| 11.98~12.81 mm (B
1234 mm, n=5% F7/H&] 4= (f: frontal), & o] (pte:
pterotic), 4] (epo: epiotic), &] FFZ (exo: exoccipital), 7|
A ZEF (bo: basioccipital)o] S38IE T, WAZ= SHAZ
(pob: preorbital)o] E3etH o, oFZo A= F4UAE (mx:
maxillary)¥} Ad}Z (hym: hyomadibular)©] Z3}3}$ T}, Aj7H
Bol A= AXNE (po: preopercle)T A7) (op: opercle)©]
=341, AgHol= dH4E (hh: hypohyal)d Aj=Z (br:
branchiostegal ray)©] =3}3} %t (Fig. 1C).

B3l 5 36UA Apol= Aol 15.26~16.39 mm (B 16.11
mm, n=52 52 =gu|E 225t AA7H(ins: interneu-
ral spine)yo] 747F UERg L, S efn)E AR sk 12749)
EH7H= (ihs: interhemal spine)o] UEFG o™, 1079 5
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Fig. 1. Ossification of the cranium and visceral skeleton in Konosirus punctatus. A: 5 days after hatching (DAH), mean 5.96 mm, B: 16 DAH,
mean 9.96 mm, C: 28 DAH, mean 12.34 mm, D: 37 DAH, mean 16.25 mm, E: 48 DAH, mean 23.20 mm, F: 53 DAH, mean 30.11 mm in total
length. Scale bars indicate 0.50 mm. an: angular; ar: articular; bo: basioccipital; br: branchiostegal ray; dt: dentary; ecp: ectopterygoid; ed: en-
dopterygoid; em: ethmoid; eph: epihyal; epo: epiotic; exo: exoccipital; f: frontal; gh: glossohyal; hh: hypohyal; hym: hyomadibular; mx: max-
illary; na: nasal; op: opercle; opi: opisthotic; par: parietal; pal: palatine; pf: prefrontal; pmx: premaxillary; po: preopercle; pob: preorbital; pro:
prootic; ps: parasphenoid; pte: pterotic; q: quadrate; sob: suborbital; soc: supraoccipital; sup: subopercle; sy: symplectic; v: vomer.

A

TITRA

Fig. 2. Development of the sholuder gridle in Konosirus punctatus. A: 6 days after hatching (DAH), mean 6.09 mm, B: 16 DAH, mean 9.96 mm, C

25 DAH, mean 11.03 mm, D: 36 DAH, mean 16.11 mm, E: 45 DAH, mean 21.14 mm in total length. Scale bars indicate 0.50 mm. ac: actinost; cl
clavicle; co: coracoid; pcl: postclavicle; pf: pectroal fin; pt: posttemporal; sca: scapula; scl: supraclavicle.

(ribje] Eokstoich ATHRe HEE ©% WolA glon, 1

o] TSP, WFZole AT ofIE o2 A3HE (sob:
FZ oA Ho] AT (sca: scapula)o] Z3}5FA T (Figs. 2D, suborbital)o] Z3}etFo™, 2T 42 F718t (Fig.
3D). 1D).

3t & 3744 Aole AFo] 15.33~16.87 mm (H

1625 mm, n=5)2 F7]&Z°] AFZ (em: ethmoid), B]H (na:

nasal), X2 Z (par: parietal), A FFZ (soc: supraoccipital)

23} 3 4544 zole AAo] 20.01~21.83 mm (B
21.14mm, n=52 SALgn] g¢&o2 SAH7F= (fins:

free interneural spine)©] 8707} Wb, A 7H=0] 16712
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Fig. 3. Ossification of the vertebrae skeleton, caudal bone and pelvic girdle in Konosirus punctatus. A: 6 days after hatching (DAH), mean 6.09
mm, B: 16 DAH, mean 9.96 mm, C: 25 DAH, mean 11.03 mm, D: 36 DAH, mean 16.11 mm, E: 45 DAH, mean 21.14 mm, F: 53 DAH, mean
30.11 mm in total length. Scale bars indicate 0.50 mm. af: anal fin; c: centrum; cf: caudal fin; df: dorsal fin; ep: epural bone; epi: epicentral; fins:
free interhemal spine; hs: hemal spine; hy: hypural bone; ihs: interhemal spine; ins: interneural spine; nc: notochord; ns: neural spine; pa: para-
pophysis; pg: pelvic girdle; ph: parhypural; r: rib; ur: urostyle bone; vf: ventral fin.

Table 1. The ossification process of cranium in Konosirus punctatus

Days of hatching

Cranium

28 37 48 53

Parasphenoid

Basioccipital

Supraoccipital

Epiotic

Parietal

Prootic

Opisthotic
Alisphenoid
Sphenotic

Pterotic
Vomer
Ethmoid
Frontal

Prefrontal
Nasal
Exoccipital

tstgon, gEHIE 16712 S7stac WA e
L& (pg: pelvic girdle)©] 33T, n|FH o= 3tu|S
Z (hy: hypural bone)@} &£3}1| & (ph: parhypural)o] Z3}5}
Aot AdlE = 232 (co: coracoid)?] F3lsle] AdjZo F
37} 2HA = i ok (Figs. 2, 3E).

rlr olx

|

23l 3 48UA Aol HA] 22.46~24.03 mm (B
2320mm, n=5)2 WAE2 F7FolA BEZ (ar: articular)
o] Z3lst L, 7= SHAZHZ (sup: subopercle)?] =3
staon, =22 6712 F7FsHIth(Fig. 1E).

B3 & 5394 Aol Aol 27.11~34.09 mm (B
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Table 2. The ossification process of Visceral skeleton in Konosirus punctatus

Days of hatching

Visceral skeleton

16 28 37 48 53

Maxillary

Upper jaw Premaxillary

Dentary
Articular
Angular

Lower jaw

Ceratohyal
Epihyal
Symplectic
Urohyal
Hyoid arch Interhyal
Branchiostegal ray
Glossohyal

Hypohyal

Palatine

Metapterygoid

Ectopterygoid
Palate Endopterygoid
Hyomandibular

Quadrate

Opercle
Interopercle
Opercular Subopercle

Preopercle

Preorbital

Orbital region Suborbital

30.11 mm, n=5)2 FZAA AZ(v: vomer)o] 353
A, WA= PRl F7E (pal: palatine), W2 = (ed:
endopterygoid), Zt& (an: angular), BZ (q: quadrate), 8
Z (sy: symplectic)o] Z3stglon, HFHo= AHZ (gh:
glossohyal)o] Z3}3te] 2bA3 FE S zt3o0] AJolo] TAT}
A9l gol slgith. AEBAHE H3Z Zol HEAE pi
epicentral)©] 307}7} Z3}E|o] glom, mHEAT oZo| A}
U] & (ep: epural bone)°] E3}E|o] njFo] AAJEHPL, H=
T2 17+27=447) (M| F-5+E ZFH At (Figs. 1F, 3F).

| 1
Fol ZAL UutRo g I Aru)iy B3t

Lo, 9o} Aol 2Zo] WSt olFe} ok Fo 2Zo] @

g3t o] R 2 Yol Atk (Park er al., 2015). o] AFollA A
ol F3 & 5474 A7|Ae] (B 590 mm)ol| E7 U
o] AZERem, B3l & 53UA 2 o)7] (F+ 30.11 mm)of
goto] g REY ZZF0] AT FHE 2T

Aol Axole 24 WFE RAE, AHE, AYS=, A
o] 7HF WA FAAHULeH, AR ortn| vtz H
o 7He A mapel sle) Wk Aol BAHA ol
Matsuoka (1997)2] A+ 239 Sardinops melanostictusS}
Han et al. (2000)2] A+ ZIQl X (llisha elongata)?] =
3t &A9 HlT AFgS Eooh o8 40 vE FAE
I ofFo] WA Wdsts AL Hol Aolot 3F, AET &
go] = Aoz L HoH (Vandewalle et al., 1997), FA|
o Qo] €=M, Adol7]s°] 7HsdtA gttt (Wagemans and
Vandewalle, 1999).

7VEA LU E XA 5t= AUE
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Table 3. The ossification process of vertebrae, caudal skeleton and shoulder girdle bone in Konosirus punctatus

Skeleton

Days of hatching

16 25 36 45 53

Neural spine
Parapophysis

Hemal spine
Vertebrae

Abdominal vertebrae
Caudal vertebrae
Rib

Epural bone

Urostyle bone

Caudal skeleton
Hypural bone

Parhypural

Actinost

Clavicle
. Coracoid
Shoulder girdle bone .
Supraclavicle
Scapula

Pelvic girdle

gFo] Atk (Mun et al., 2019). & O’]:r—L‘)ﬂ/\‘]
Z’H"ﬂ HZol Z3}sH7] AASte], T4=

28 0@ oA S0z FAGT 2L Folst o7l
3= S. melanostictus (Matsuoka, 1997)2} %] (Han e
200009} AR 23k HEo] FAHE olF iz, FHE
oz FPHYOU S, AUE, e HEY ¢ % —i—/ﬂ%
7 Aol7} ettt 4k BRE ) 229 e
Bl sk7] YA = < (genus) ENA HILE BfoF OF‘ﬂ, =5
oFst o] 2o Yot 7|2 A7} Wad Ao s AZrET}

Hole] AR 27 wrere ANABI FAAZ] FA
Z3eta o|F SN E, S <o dgstdad, S.
melanostictus (Matsuoka, 1997)2} &2 (Han et al., 2000)]| A
L FAAEel WA FHET, AN, TAAE, AT
o] ESRThE Mol A Fol7} ek,

ALguE XA o= G759 E3= A=gu|7t T
WA olFolzlt, dole] A 2Ae Bdo] B4W olF
@71Z9 37 AR HUT. o]= S. melanostictus (Matsuoka,
1997)9F 23] (Han et al., 2000)0 4] 2 AL Rgon]
239 259 ALes] 7] waol AW Fo B2
E3p} SRHE AL oiF7k fekeE slol 22 57
A7) A3 #Po] Q= Ao R HoyZAth(Lee et al., 2001).

HE2ZOo B 2220 o|RL 293 T4 B2 X (Han er
al.,2017) Mol ¢ H3l & 6dA BH% 6.09 mmof A
HE2E ARARE 10719 BEFZo| Z3}s7] Al&ste] £

.l>ﬂH
ot
- % -
_\-1:_{

l

3t & 1644 BFAH 9.96 mmol A 177]9] EFZo] &3]
Z3tsta 17709 AlF o] F3stet 23 & 2594 B+
A% 11.03 mmol|A] HFF0] 16~17+25~26=41~427H§ Al
A= =0l FAlOl F37F AL, o] A7)0 B R
BArZo] Z3sty] AlZeton, B A4 30.11 mme o 2

go] g Eo] 2T i uREAAEE XTI 447] %
S. melanostictus (Matsuoka, 1997)°] A= A& 18 mmY o °F
20709 FA7F F2F 9 FAdNA SR, 11749 A=
I 7709 Ed=ol PN, AHA HEFY FF
011*1 o FECR F3F AYEHAT A 195 mmE o Al

735 2470, 8= 2302 F3hehgl L, v RgAdEe] F3tst
7] ANFst g om, A% 284mmY o Wdo] 4RE] HE
T e UESAES 2T 50~52702 YERgT £4

11.72mmo A B3F or&o) A

ﬂJ

=2
(Han et al., 2000)= HFHZ+
A7

FE 14709 A9 Aol E3tetr] AL, B
14.62mmo]l 4] B#=0] F316}7] AJZkstgen, o] Al7]¢] 1)
FEAEl F3she Aol EHA U HFEY Aol df

o AFS sl o9 o] BRFuich HEF 59| Afo]7t
FRElo] Hasly PA=A 9854 F8E Aoty Yzt

93,7 £R7 HEBe) LAEst o2 ekt Aol
g glon, g @ou R HET wee] Bt 7}
49l 477 Bay Aoz Yz

Mook (19772 o159] 224 @ FA9 Zapt 159
A3 AL ) BA, oleist AL FAo Fol
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a2 E40) gt A7t A4H o s Paste

R oF

A BEEE 1234 mmE A, Go|F, 4ol T, ATEE,
AFEZ, AT, FACLE, b, AAHE, FAHE, 34
To] Boksigich. ¥3t 7 360A BRAH 1611 mm2 A%
Zo] BeSIYL, H3 ¥ 3704 FFAY 1625 mm A,
B, = F, AFEE, AshEo| ZaSg $ot 5 4597
PR 21.14mmE 23| Fo] Bokste] ArhR O] Tat &
HESc 2o} 5 480 BRAR 2320 mm BHE, 5
Aol Zokstc. ¥3t F 3UA BLAF 30.11 mmE A
TN, WIAE AT R, WSS, QA Bo0| FeatuA
BE 279 Fup} gae g
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