3t=A] 50(4), 396-405, 2017 Korean J Fish Aquat Sci 50(4),396-405,2017

st2At HEZAL2|(Odontobutis interrupta) XIx|0{2] SZidtet

gixfol - SHX|& - @M012 . StAS™

= O - - O

YR EL0IRMY M, 'HHUSL Y7 EsR, *EYEE UE 0 |HTAE

Early Osteological Development of Larvae and Juveniles in the Korean
Spotted Sleeper Odontobutis interrupta from Korea

Jae Min Park, Ji Hyeong Han!, Seong Min Yun? and Kyeong Ho Han'*

Gyeongsangbuk-Do Native Fish Business Center, Uiseong 37366, Korea
'Marine Technology Undergraduate, Chonnam National University, Yeosu 59626, Korea
*Gyeongsangbuk-Do Research Center for Freshwater Fishes, Uljin 36332, Korea

We observed the osteological development in larvae and juveniles of Korean spotted sleeper Odontobutis interrupta
bred in the laboratory in April 2014. Immediately after hatching, the prelarvae, which were about 4.27 mm long,
showed ossification of the premaxillary bones in the upper jaw and the dentary and articular bones in the lower jaw.
At 7.11 mm, the larvae showed complete fusion of the post-cleithra and ossification of the scapulae with the appear-
ance of one hole. At 8.65 mm, the larvae showed ossification of seven ribs from the third abdominal vertebra and an
increase in the length of the neural spine and hemal spine. The number of caudal fin rays increased to 19. At 11.9 mm,
the juveniles showed ossification of three procurrent rays on the side of the parhypural bone as well as ossification of
two procurrent rays on the side of the epural bone, indicating the complete ossification of all spicules.

Key words: Juvenile, Larvae, Osteological, Odontobutis interrupta

= A=FALEE IS BALE|(O. platycephala), ‘&5 AH(O.
obscura) @ 22| (Micropercops swinhonis) 5 24 4%0]
o) = NALAY S Aot 710l Ao 7| = WEfslr] 2] Ezshe A o2 4 A 9lrk(Kim et al., 2005).

FE A, B, PsHor ST HIE Fong HAYehA AEFA o #et A 2= A 9 273 ZAHChoi
A AL o3t SHETE ofu g} o A ETHA] Bl R Yol and Na, 2000; Park et al., 2014) 5 2 Z7]gAte] tfgt
9 32 3Fch(Koumoundouros et al., 1999). E3SF sj45+9] AL} o|ZolH on, 2o BT} o] Eof| thet ALEL AF
k2 frol7] o] etk dol| A 7|52 dhaefAdat 2k of o gt 285 (Mashiko, 1976), £-3(Iwata et al., 1985; Sakai et al.,

A3 5 ol3ll=Y| =22 wCHFukuhara, 1992). o15-2] &} 1999), Ao]9td(Iwata et al., 1988; Voskoboinikova and Pav-
2 of7] &4 ol digh Bl 2| A2 ARS27]0 24 lov, 2006), O. hikimius®] B} #"4=H(Doi and Aoyama, 2006),

o| Aol kx| 9} A| A = 913} P42 o] m(Koumoundouros et al., 42 W1 (Sakai et al., 1993) 2 A24F7](Lee, 1998; Lee
1997a,b), 01719 A7t 7|1 %2 &S AlFskaL gl and Yang, 1998) 50] $=8)=|¢) o1} ZA ol 33} d 1

o] BobS Q751 0717} eh(Sfakianais ctal, 2004). 9= 2 okeiA] Q1A k. ek, FART o) f FuEol whe
FAF2](Odontobutis interrupta)~= “51=(Perciformes), Ak BSAS ww, thofslh AT} 0] e 7} -SAlale] 95 &)
|24 (Odontobutidac), §A12|<HOdontobutis)oll <31= o7 A Bl tha: ofego] ek ueba] & ATl ML AREA

2 80| 50] Hwa L 509 FRol A4S, HelEe] 2] Axojo] WeTH Fof Uehhs ZAUY S48 )
2A15t0] 27 o B M KA ofFOlch FE QUL of GAEIe] Aol WS WalY] 3t 7|2 ARE vletsl, v
B2 A3 SRl sld] RIS SRl BRAIFOR R gy BAL dolsle] 2L SAeln ol £ 54 Ylat
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201441 49 7 of ] Aekglol] 9122 2eb (A 25 3
Aol A HHIE ) Al SR FHE B Eshe PS8
o= ARE AR Ble] ATUE LB F FHS Kimet

al. (2005)2 0|85tk
a2 22| U XX AL

AT AFZFRZ(50 X 30 % 20 cm)of] 449—6‘}3-11 %
18.5-19.5C(H+ 19.0+1.00)E HAFIY oM, 4&4
5.94-7.10 mg/L(*8 6.52 mg/L) 3T}, ZF2] 0] ] /\]m'-g_]Jg
42t AT 219, 2 W ABA ]S 4
elola} 0.2 Asaisiek solis ?—f—*r e
Z] Artemia sp. nauplius A2 353 o]|Zof = Al%]
o] @ W=zt 3 (Blood warm Hikari, Japan)§ stk

44 AH

o == R |

ST o] ThE AR oo FAYE WS 9l WY sut
A 5% SAxZzE2UHo| 1AL, Walker and Kimmel
(2007)¢] olsFA ol weh WREAS HA = KOH 0.1%
9} Glycerol 50%°] HE35FATt AT 2Fx] 0= AA|H 0]
(Nikon SMZ18, Japan)2 ©|-8-5o] 2} B-915 zslal A7
25kt Z4 2] 7 £-9] AL Kang et al. (2012)9] whsie).

%

o o
I rer

2

]_

W
S
{2
ol N

MK

Hhﬂoﬂ Abehe ekl R0 A i°§ & HA A= =
i ne| Hor Zas SHUFP| 7ML, AllsA
Li'iul AR o) A FRER7EA| 9F, HIZEX]LHDI FREE B3
2 A= Ei“l 7|5l H24 w7t glom, Al o= Al
SA =] 871, A25 A = n] 970 SIA| =] 870, Sl
4070 E 7HA 2542 Fg = 2 tHKim et al., 2005).

XXl 24LE

J2EAbe] Apx|ojo] ZAYWEL E7)F(cranium), WA
(visceral skeleton) 7t (pectoral girdle bone), 1]&(caudal
skeleton), Z5=Z(vertebral column)¥} A= 7](fin rays) 2
@7 & (pterygiophore) = F-i5ko] 25T
FREE4

FAEY WEER o] FoiXl dFFA Y] FRoA Ud2
Table 1,29} 29kt F3} A& 2}0] 2] 242 3.87-4.53 mm(
Hat+SD, 427+0.35 mm, n=5)Z €& FASI= AAMet

el |

Abe) Zpx|ofo] B

)
L

=) 397

Z(premaxillary)} oS A A|5H= %] ZH(dentary) D T4
Z(articular)o] S8t FES] 7|4 E Fohs A=
(parasphenoid)} ¥&oll= - (preorbital=lucrymal)e] =
SFSFRAL, w2 E AL Sl QFekE(suborbital)o] Z3l51G S
™, A5 =2 (supraoccipital), ¢ o] (pterotic), 4 ©]Z(sphen-
otic), Fo]E(prootic) Y Z(frontal) 50| =25t -7H
Fofl&= AdolZ(hyomandibular), <& (sympletic) 2 WAk
Z(endopterygoid) 50| 3541 1, 4550l = 51 Z(hypo-
hyal), Z}d3(ceratohyal), A (epihyal), 7Hd3(interhyal)
9 5719 Az (branchiostegal rays)o| &3}5}1%.0.H, A7+
ofl= AAi7HZ(preopercle), A7 (opercle)o] =3}s}3iTh
(Fig. 1A).

2315 13U 7 AFo] o] AA-E-6.84-7.38 mm(Ft 7.11+£0.26
mm, n=5)2 FrHFol =% Z(parietal), &Jd-F(alisphenoid),
Aol (epiotic), S AR (mesethmoid) 2! 2] $-F=Z(exoccipi-
tal) So| BSFBIAIL, 9IEE TATIE A H(maxillary)O]
=3fstglon, A7l kM7= (subopercle)t A7
(interopercle)o] =3}s}% th(Fig. 1B).

23} 5 18UA) AFof 2] ZA--8.49-8.93 mm(*H+F 8.65+0.20
mm, n=35)Z F7j&ef 7]AdFH(basisphenoid), 7]AFF=
(basioccipital), $-0]X(opisthotic), A Z(vomer) 2! SAlE(lat-
eral ethmoid), =750l -7l (palatine), W-=(quadrate), 2] 2]
“&&(ectopterygoid) % o= (metapterygoid)o] Z3}s}51
a1, ofelf &l ¥ Zoll= ZHa(angular)o] =353 ch(Fig. 10).

51 3 30207 |02 AA-L11.7-12.2 mm(Ba 11.9+0.23
mm, n=5)= F7iZ0]| Bl&(nasal)o] E3F5H3aL, Ao Fo] Af
252 = SoelEA FREA O B T8 AR E ]l
(Fig. 1D).

AthE

A& 7HEA =2 u| & A A[5h= 4 2 2 S35 FE(post-
temporal)o]l &J8l] Fr7RE3} A HQIck(Fig. 2, Table 3). F
3} 215 2po]o] AL 3.87-4.53 mm(BF 4.27+0.35 mm,
n=5)2 MFH(cleithrum)S FHEOZE Y&o)= A4 H(supra-
cleithrum), & ofl+= 271 2] T4 Z(postcleithrum)o| &3} 515+
1;1] ‘GJ,HJ—O ol:Oﬂ o7 x%sLE] al, o]-aH&_,] .Q‘—rl]*(coracmd)
I H3tElo] ISt Sl S olli= A&EE(actinost=radial)
o] ZIFSHAAL, AFEEE 37 = Urol Rl o, 3709 S
351 chFig. 1A). F3F = 1347 x}o]o] A4 6.84-7.38
mm(BF 7.11 +0.26 mm, n=5)2 27§0] Z4Zo Asto] o
=25, 17§2] S o] A7 A ZHLhE(scapula)o] =351
CHFig. 2B). -3} 5 18UA] #Fof o] 772 8.49-8.93 mm(3
a 8.65+0.20 mm, n=5)% AE &0 T=FZ(posttem-
porale] Fael, o2L A2 AP At
(Fig. 2C). -3} 5 30U #[o19] -2 11.7-12.2 mm(F <t
11.9+£0.23 mm, n=5)2 &5 o} of] AA=FZ(suprapost-
temporal)o] Z3}5}7] AJAFoFLAL, 9=t =2 ol &
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Table 1. The development process of cranium and orbital region of Korean spotted sleeper Odontobutis interrupta

Days after hatching 0 3 6

10 13 15 18 21 30

Total length (mm) 4.27 6.20 6.43

6.69 7.1 8.60 8.65 9.71 11.9

Parasphenoid

Basioccipital

Nasal

Frontal

Sphenotic

Pterotic
Lateral ethmoid
Alisphenoid

Cranium Parietal

Prootic

Epiotic

Supraoccipital
Exoccipital
Opisthotic
Mesethmoid

Basisphenoid

Vomer

Preorbital

Orbital region

Suborbital

=
of

R A 22 0] 2517} ¢ = Q{ri(Fig, 2D).

[/ J—i)

=

A =uE A Aotz vE2 Y F=E ZHoR |
| &5l (caudal complex)E o] ZthFig. 3, Table 3). F-3}+
25 2ol o] 242 3.87-4.53 mm (Bt 4.27£0.35 mm, n=5)
2 A (centrum)E A 07 $1Zolli= 417 = (neural spine),
olgf o= E¥=H(hemal spine)o| FI}= L, v|R-FATE
(urostyle)- 45°= $joiA ql3lom, A= v Rgid= AL
olof|l = 2712] Abu|Z-E(epural bone)o] Z3}5}3ict. 3hn] =T
(hypural bone)2- 1] -8/ = ol g o] UL, shehito] st
UEE 1427F SEE Sl en, Aeiol= shu|EE 3+471 &
A= et 71 ofgfjolli= 170€] E581m] S (parhypural bone)©|
23}8}7] A1&FslGIth(Fig. 3A). 23} 3 1397 2po]o] AR

=]

6.84-7.38 mm (B 7.11 £0.26 mm, n=5)= 57| 50| &2
o] Z3}sllaL, Fohu| S Holl= 1709 #4527 (procurrent)
7} =3kslitk(Fig. 3B). £-3F & 18UA #pofof 2742 8.49-
8.93 mm (H 4 8.65+0.20 mm, n=5)= Alu|&Z dof| 17]9]
FEE717F 238H3 A (Fig. 3C), 73} 5 3044 2|of o] 7%
©11.7-12.2 mm (B 11.9+0.23 mm, n=5)& 25} 22
of 37} 2] H&E717F Z3Fstgl o, | EE doll= 2712 #
42717} &35+ thFig. 3D).
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Fig. 1. Development of the cranium and visceral skeleton in Korean spotted sleeper Odontobutis interrupta. A: 427 mm, TL; B: 7.11 mm,
TL; C: 8.65 mm, TL; D: 11.9 mm, TL. ar, articular; al, lisphenoid; an, angular; bas, basisphenoid; bao, basioccipital; brs, branchiostegal
rays; ch, ceratohyal; d, dentary; ecp, ectopterygoid; eh, epihyal; ep, epiotic; enp, endopterygoid; exo, exoccipital; ft, frontal; h, hypohyal; hy,
hyomandibular; in, interhyal; iop, interopecle; le, lateral ethmoid; lu, lucrimal; me, mesethmoid; mpt, metapterygoid; mx, maxillary; na, na-
sal; op, opercle; opi, opisthotic; par, parietal; pal, palatine; pop, preopercle; pmx, premaxillary; ps, parasphenoid; pro, prootic; pto, pterotic;
g, quadrate; soc, supraoccipital; so, suborbital; sop, subopercle; sph, sphenotic; sy, symplectic; v, vomer. Scale bars=1.0 mm.

Fig. 2. Development of the pectoral girdle in Korean spotted sleeper Odontobutis interrupta. A: 4.27 mm, TL; B: 7.11 mm, TL; C: 8.65 mm,
TL; D: 11.9 mm, TL. cl, cleithrum; cr, coracoid; dpcl, dorsal post cleithrum; pt, posttemporal; r, radial; sc, scapula; spt, supraposttemporal;
scl, supracleithrum; vpcl, ventral post cleithrum. Scale bars=1.0 mm.
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Table 2. The development process of visceral skeleton of Korean spotted sleeper Odontobutis interrupta

Days after hatching 0 3 6 10 13 15 18 21 30
Total length (mm) 427 620 643 669 7.1 860 865 9.71 11.9
Premaxillary
Upper jaw
Maxillary
Dentary

Lower jaw Avrticular

Angular

Epihyal

Branchiostegal rays

Hyoid arch Ceratohyal

Interhyal

Visceral Hypohyal

skeleton
Hyomandibular

Sympletic

Quadrate

Palate Endopterygoid

Ectopterygoid

Metapterygoid

Palatine

Preopercle

Opercular Opercle

Subopercle

Interopercle

47112] Z&7|(parapophysis)2t 1574¢] =0 Z2}steict. 6.56 mm (<t 6.43£0.16 mm, n=5)2 A 0 2 o] FojA] g)
T Xl vlEF ol 2709 A7 =0l Eekskt & 25E0] F4(centrum) 2 E3}oFF AL, HE0 A FE 1l

AIEA o) gtog Ho] AL, okl 5700 A4 ZEwakeR The) At Ealsig o, A7t 2kl nh
7FH(interneural spine)o] ZHA} A2EA L 010 2 A7Zo] T AISA = nlo= TAe] 2717
Mol Z717} warsi i, ofefel 9-10710) A747T0] Bstsl  GeiglaL, v ARl 286)7] A2 ri(Fig, 4B).

o} ofef ol HAein] B2 6] WRkeld T, 6700 B RshE 1320 2ol ] A 6.84-7.38 mm (FE7.11£0.26
T7H K (interhemal spine)o] Z3lsto] AT BRI mm, n=5)2 AI5A o] 174720 T-87h% Z7lsi
Mol et Amejn] 27071 Agsion, mAn & A 27] S go] 7871w Waslert. fAmule] Buzt

7] 4 ISHATHFig 4A). 2813 60 Aolo] AL 625 FL TR 27k, B7] 4 2ol -8R eeklt
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Table 3. The development process of caudal skeleton, shoulder girdle and vertebrae of Korean spotted sleeper Odontobutis interrupta

Days after hatching 0 3

6

10

13

15

18

21 30

Total length (mm)

4.27 6.20

6.43

6.69

7.1

8.60

8.65

9.71 11.9

Caudal
skeleton

Urostyle

Procurrent

Hypural

1st-2nd

3th-4th

5th

Parhypural

Epural

1st-2nd

Shoulder
girdle

Cleithrum

Ventral post cleithrum

Supracleithrum

Dorsal post cleithrum
Supraposttemporal
Posttemporal

Scapula

Coracoid

Radial

Vertebrae

Notochord

Centrum

Interneural spine

Interhemal spine

Neural spine

Hemal spine

Parapophysis

Rib

(Fig. 4C). 3} 5 18UA] 2}of 2]

A2 8.49-8.93 mm (H

8.65+0.20 mm, n=5) 37| EETHE 77|2] S (rib)o]
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Fig. 3. Development of the caudal skeleton in Korean spotted sleeper Odontobutis interrupta. A: 4.27 mm, TL; B: 7.11 mm, TL; C: 8.65 mm,

TL; D: 11.9 mm, TL. ¢, centrum; ep, epural bone; hy, hypural bone; hs, hemal spine; pc, procurrent; ph, parhypural bone; ns, neural spine;

us, urostyle. Scale bars=1.0 mm.

L
ASFAL 9 H8E A5 Apo]
e

B4 427 mme o) F
ol 7| A E A dsh= A A

A=
2 ujst

FE2 W oJolF o] Baheioly, TN Mok, B4 E,
Vel ARl SHEE, 24T, A 33

[eR=S)

HH 0 2 goli o] f= §3} o] %o FrlE A=
o] HEET dHA Jlou dEEAE| 9 By =AY
o] XY e F3lE|o] | oA o] ddst= Ao
2 Azl Aol ofFeF fAFshaL wetE o] W HAY by
% AU JEE WU BEY 207} 9IS Ao 44E
tH(Kendall et al., 1984; Matsuoka, 1985; Koumoundouros et
al., 1997b; Faustion and Power, 1999; Koumoundouros et al.,
2001a, 2001b; Sfakianakis et al., 2004, 2005).

ohE olR9) 22 BANTE SHun FETA ] S5l
17|, Perccottus glenii (Voskoboinikova and Pavlov, 2006)+=
FAZ, 7IASFE, rs 2 AT R0l 236kl 5
o] &o]| &5}= A |, Coreoperca herzi (Han et al., 2017)= &
4, ek, AT 8 A 4Ze) 2asigon, Wi,
Lateolabrax maculatus (Kang et al., 2012)+= F4&, Aot
9l 2], Abo], Seriola dumerili (Liu, 2001):= AAoH, A}
oz, AF W HANE 5ol E3etqltt. 5441, Epinephelus
septemfasciatus (Park et al., 2015)2} #]-&H| =2}2], Entomac-
rodus stellifer lighti (Kim et al., 1992)= F43 9 2 &, &0
=01 28 Takifugu pardalis (Han et al., 2005)2 2}&0] 54|
o BNt Sol2 olF 2] FARRL FHIAY 7|4
Aok BB 55 9 Aolol TIE )5S Shok2, 7
SA=YuE A[A8tAL FP5Hol FAFE v
Hojd 54 7kt $AA o &2 Wdst= 3l A v
ERlom, o]2jgt /A2 AES It o] 59 %3k S A

0

ins
A T V2474
Y 2 b g ALY
s IR A i gl n 2 1 £ 40 L i
L pp PR e e TR\
. S
ihs _/A‘:..\ e hs

//
¢ o PP S, S
7 o e AR
i y P

Fig. 4. Development of the vertebrae column in Korean spotted
sleeper Odontobutis interrupta. A: 4.27 mm, TL; B: 6.43 mm, TL;
C:7.11 mm, TL; D: 8.65 mm, TL. c: centrum; hs, hemal spine; ins,
interneural spine; his, interhemal spine; n, notochord; ns, neural
spine; pp, parapophysis; r, rib. Scale bars=1.0 mm.

el Ao AztE,
AzgAle|o] A 24 5 A72ols 1719] A2 (fora-
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men)©| B/ == Zlo] T =] A X|(Hanetal., 2017), &
o](Kang et al., 2012), #-=, Pagrus major (Matsuoka, 1987),
2=, Dentex tumifions (Koumoundouros et al., 2001b), A}-2]
EF(Emery, 1973), &8)0]5& o] 3(Kim and Han, 1991; Kim
et al.,, 1997; Han et al., 2001) & o2 &5 oA FA
= o] W E o] thFRo] ofFolA FAE= Al FH
2 Hth HFEE B9 555 olF = THLE UEFA
= 73 A9 Fd A 4.27 mmA off 2 30] Z3}h= o] Fo
AR GAQkaL, A O 7 o] R0l A qllomn, R} 5 6 Hat
% 6.43 mmY o 37} ZFYE AL, A7 A 3t
T 139 BAAH 7.11 mmY of H5E o]0tk Z49 &
SPeFS B5molA v|Ea, mejefo 2 MY gL, 5%
o] T3P} &3] o] Fo|R7] Hof| F&7], o=,
A Aol SR o7 F3E7] AZtstglen, TRl A
7F Z3FsPHA SAof| n|FEEat n| gt Ee] 3lsly] A&
SIch The B R-7} vl el o) of 2l e Huo)
01%(Kim and Han, 1991; Kim et al., 1993; Kim et al., 1997,
Han et al., 2001; Byun et al., 2012), 50]5-2] 54 o(Park et
al., 2015), 45°{(Kang et al., 2012), Z*](Han et al., 2017),
FAREQ] EA], Prognichthys agoo (Park and Kim, 1987) &
oM Lhep} o} 58 wreeko] $AlE Ao B,
T2 5] o] £:8]= W] (Voskoboinikova and Pavlov, 2006)
Y L TRPER DEREER
L, 570 0] S&o] 3HA A B EEstglon, x| &
SRS AE-FA O AR O U 52 o) Wigho] K} o]
o] Fo] 7 AJeffol| A Fa}sto] 2fo] & H it
Fol5 o] 7o) A =g e o] S A =], SA
L L P i R B = e SRS S B S s Ll P = el ST
7] Qlt}(Johnson, 1984; Faustino and Power, 1999). & =-5A}
el el S elnloh S senlsl wEe 5 gl 5
A eju]7h abersto] QRS frof 2 of st o] iRt oA
stelch. 2 908 /)2 S 29t F 139 F2A% 711 mm
A wf Al15A=2fn] 87}, A|l25A| =2 1] 971, SA| =] 87}
2 F 578 NAI9L 71 & 7 A A8k Al =du] & A A5}
= @715 S8k HA G7]E0] 33t | A=dn)7t FA4
UL, T3} S Aol A S o & o] ol Fh HY =
< FA7E E3E7] Aol Whrdslr] AlRFskelaL, 471 2 5]
SO S o B71E9 FEi7F AR BG5S Ao A5
9| Z3}e} A =jn] o] £7] o] fHH Fo @7 = &=
S R E= A 7Y F95 g Slo =S S
71+ AT o] Q= A(Lee et al., 2001)2.2 Ho 2|11, 4
S5A Y] A AHA Q] FPHE Tt vl A A
Zo}7] witol| A=vju] E£7|Hoh g@r]Zo] HA E3ste A
o7 FAEY, Y95k olFe B7IEEY A=) £7]9
o] AR 0= o] oA FdFHof et g Ao 2}

o2 et

[e)
A% 427 mme wf n]EEAtE0] 4572 FlojA Gl
o}, oI5, Chaenogobius laevis (Kim and Han, 1989) o]
-5 Luciogobius guttatus (Kim et al., 1992), S0 105
Luciogobius grandis (Yoon, 2004)2] -3} z}o] = A735lof| wp
o |5 A o] FlolA|uA Zaksela, 290l % o] F(Kim
and Han, 1991; Kim et al., 1993; Kim et al., 1997; Han et al.,
2001; Byun et al., 2012), 5°]=-2] AX|(Han et al., 2017), &
Jo](Park et al., 2015), H5°{(Kang et al., 2012) E3F AJAF5}
HA drdsto] 1o} 2|5 5E n] 5o} gloj il dEFA]9F &}
o= YERRITE
n] R0 s EE dESATE REF £ 139 BHAF
7.11 mmed wj SF|SE(142, 3+4, 5)0] SHE UL, AW
39| shulEES FAsH o, EWolne] SHEE, Se-
bastes oblongus (Byun et al., 2012), 524X 52] s+3-%|, Hy-
porhamphus sajori (Lee at al., 2001)7} ]9} Z+8- dihokA]
Helok W50} o] 7¢l v 5 (Kim and Han, 1989), 1]
TFE(Kim et al., 1992), 201 Z-5(Yoon, 2004) o] 7k4}
2709) shul o] BoHstel, he ol% olel 24| (Han
et al,, 2017), 27122} 72 7] (Park, 2001) 2 3-6} 5 (Kohno,
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