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Morphological of Development Eggs, Larvae and Juveniles Micropercops swinhonis in Botongcheon
Stream Hangang River by Jae-Min Park and Kyeong-Ho Han'* (Gyeongsangbuk-Do Native Fish Business Center,
Uiseong 37366, Republic of Korea; 'Fishery Science Chonnam National University, Yeosu 59626, Republic of Korea)

ABSTRACT This study investigated the early life history of the Micropercops swinhonis in Botong-
cheon stream Hangang River and compared the relationship between the related species and flexibility.
The fertilized egg of the ovoid type, and the average egg diameter was 1.23 mm in long diameter and 0.85
mm in short diameter. At a water temperature of 20.6°C, the hatching time took 179 hours. The newly
hatched larvae measured 3.82~4.08 mm in total length (TL), and their mouth and anus were not yet
open. At 18 days after hatching, the postflexion larvae reached 7.97~8.43 mm in TL, with the tip of the
caudal fin bent at 45°. At 29 days after hatching, the juveniles reached 9.83~10.8 mm in TL and were
differentiated by their constant number of fins (7~10 first dorsal, 10~11 second dorsal, 7~10 anal fins).
As a result of the study, there was a difference from the related species in the egg diameter, the newly
hatched larva size. The postflexion larvae period and the development period of the first dorsal fin were
the slowest among the comparable simila species, and the size was characterized by a large number,
indicating a difference from similar species in the early life history process.
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Z3LZ2R] Micropercops swinhonis 5
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(Chae et al., 2019).
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7] @AY (Kim and Kim, 1996), 284157] (Lee, 1998; Lee and
Yang, 1998), O. hikimus2] BJAYE (Doi and Aoyama, 2006),
ARG A 9 ARR|of FEEE (Lee er al., 2018), B5-5
Are] o] by Bl 27| A (Park er al., 2014) B A2 o] 24
W (Park et al., 2017) 59 A17F PP oY FL2A =
Z7) Y I o] S RE s RaH HEZL glo] ApA|o] FEjd
2ol thigt 27122l A7 dagt dAoloh waba] 2 Aol
Me EF3XY 271884 E4S st 2dFE3Y &
ALAE vt

1. ZlojAls

Aol AREE oful= 20229 49 A7|= AFA] 5l
AT BEHoA S (FE 3x3mm)E °]&5to] A (A
} 3.5~4cm, 4+ 3.76+0.25 cm) 39+, LA (AA 3~4 cm,
Bt 3.5205cm) 79H]E AR AFHE WS AN
S 2l AFFEE (60X 45 x45 cm)of| 4] AHojapgA o
Agstgon, 2 282 LI12:DI2& FAIFFAT 22
9.2~22.1°C (B 20.6+2.05°C)QoH, Hol= Alzx|Ho| ¥
4383 (Blood warm, Hikari, China)& 23]/ 333ttt
Tx YR ARRES 98 ARE e ARtE ¥

-
Fsiet.

o
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e
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o .
g S A A 30705 AFEH AAER TS
SMZ18, Japan)2. 2 37| &3} 9 dAE AMAE S-S 3}
Aok 73HE AXojls dFF o|FRE i 2EH
(Brachionus calyciflorus)E mL/F 3~570A] A= 33392
7378%tol ek vl ok (Artemia sp. nauplius) F-2-+ T EF
TS 2H 02 TR AXo] Yepurg BHE 9
3 23 AFRE Fol7|7H 1~59 Ho= 30ukelH v}
A| (MS-222, Ethyl 3-aminobenzoate methanesulfonate, Sigma
Aldrich Co., St. Louis, USA)Z 1}3] & 37] &4 9 AMEY
& st

F2 360~37570 (< 3707 R,

AT Fe= BHUFoE EREg= FHARE o|Fo|A glo
Al Erol| F2tE ol ‘il"*.?_ LBl Zhekghe WAl
o d¥ell= o f7F A 74 271 0.01~0.07
(B 0.04+0.02) mm (n=30) . ¢o] I27]= A4 1.03~
1.38 (B4 1.23+£0.11) mm (n=30)1, T4 0.82~0.87 (B
0.85+0.02) mm (n =30)8T}.

AHE 4 AT RE EZ 517 AL (Fig. 1A),
AlZE Zofl= vlinte] FAEUTH(Fig. 1B). 8 £ 1
o] dojupH A 27119 S5 B35t
KL, 2M| 272 o]ttt (Fig. 1C). 4 5 2A17¢oll= 270
9] 7t 22 A7|E HYEHA 4M|E7|E o] Y3 (Fig.
1D), &4 & 2A|7F 3089+ A= 7] (Fig. 1E), &4 & 3A|7t
302°l= 16/ 27]2 o|8stith(Fig. 1F). &2 WA= Fd
o] MYEHA 7 F 447k 30800= 324 27| 2 o] P53
(Fig. 1G), 4 & 5417t 302& 64N Z7] o 23} ch(Fig.
1H). 7 3 6AIZF 30=2ll= &9 27|71 M} ZotAHA]
A7) FEFRAL (Fig. 11), 74 & 10A1ZF 30&00l= ZHj7]
of 23l (Fig. 1)). 4 ¥ 14A7koll= izt 34U
AESE Hol W] AlFstEA 27] Bz 2etglen
(Fig. 1K), 74 ¥ 24A17tol= 50%5 Rl Wt 571 ¢l
o et (Fig. 1L). 3 ¥ 29A|7toll= 9] 90%E ©
Wz et =] Wu7]of 23t (Fig. IM), 4 F 3147 o=
%‘?7]’ HHA=HA G Yol wiA7F = T (Fig. 1IN).
4 T 36A1tolE W] R t=vt AU eH viF Y
ek Bof| Kuffer’s vesicle®] FAEUCE o] X719 24 4
£ 5~1070 %} (Fig. 10). 4 & 56A|7tof= Kuffer’s vesicle
o] 24T, uiAI7} FAo|HA He]= viAe}t EES
o, o] Al7]¢] 2 & 14~187H T} (Fig. 1P). 4 F 854]
e AR ol A=7F ddsigla, ST RS
th(Fig. 1Q). 74 ¥ 123AI7toll= 2|7} WEste] Zo|7t o
7HA] Dot on, me ol AR HAbsglch
(Fig. IR). 73 ¥ 167AI17toll= 7h5 A =2ju| ¢} Fa7} st
FIL(Fig. 1S), 4 & 179A17tell= viA| 9] w27t dars &
I e A B3 AIAE ITHFig. 1T). 4 = 182417 l=
A 50% 37t AR EGon, =4 F 184X7tol= BZE A
Ao #37t Sz =it

3. XIx|of HEUE

B3} 3 dgktol= A7t 3.82~4.08 (B 3.94+0.09) mm
(=302 &5 Hf= %thﬂiﬂli o] FoA AL, H
Fole ¢ 770 AT A S dEstgoy ¢
SHAl @A WSttt S AaE= ) ol BT} FF offollA]



Fig. 1. Egg development stages of Micropercops swinhoni. A: fertilized egg; B: blastodisc; C: 2 cells; D: 4 cells; E: 8 cells; F: 16 cells; G: 32
cells; H: 64 cells; I: morula stage; J: blastula stage; K: early gastrula stage; L: middle gastrula stage; M: late gastrula stage; N: development of
embryo; O: appreance kuffer’s vesicle; P: 10~15 myotomes; Q: development of melanophore; R: embryo in long tail; S: development of pectoral

fin and bladder; T: hatched larva. Scale bars =1.00 mm.

FE uHE7A] YRR Bge g2 HzbE| o] Il Fakate]
£ FFA Bidte F9FHE 24k o] 4719 24 =
32~3370 (13 + 19~20) %t (Fig. 2A).

B3l & 2d7) A7|Rlol= A% 4.14~4.43 (B 4.25£0.13)
mm (n=30)2 Y7} o] LA deHA H7|zo}7|2 o]
Pt Holgds- A5t d2A Fej] sk sat
FeHE YD L, fote &3] = B =gu)=
RAERZ £3l6l7] A2, Sz wEel F5o 32k
3l9lch(Fig. 2B).

23l & 57 A7|Rloj= A% 4.80~5.14 (H 4.98+0.15)
mm (n=30)2 TR =gu| ZRE|= E7|71 YFst7] Al
e, S A EE B5F ARG} ofrbu] £7 SIEE, ofE,
n A Lajn] TEE ol Zof F&5keth(Fig. 2C).

B3l & gdxR) F7|zbole A 535~5.73 (B 549+0.16)
mm (n=30)2 TR L2n] T Y& FIHEE Foj77] Al

st A F71Ap01 7|2 o|qystith S AZE FF ol olA
nE7EA] ARE Y FEo] Az o]ojA WEstqich 29
Pl Ao I, ot g Y Aol g R} Lo
Zth(Fig. 2D).

3 & 1194 F71"%0 = A% 6.27~6.67 (Bt 6.48+
0.15)mm (n=30)2 FA=2{"|¢} HA|=2jn|7} £3}5}7] A%
gL, meEA =ajuol= 11749] E7171 dastglen, A=
gujoll= 5719 £717F EEstith. o] Al7lole HeEY HE 4
GREA F & wet 1Y 9F FAFEE7R] Y27
Hztsk ATt (Fig. 2E).

B3l 3 1444 7)Ao = A 6.76~7.17 (B 698+
0.20) mm (n=30)2 TR &7] £ 242 27159
I, A =en] &7] e TR FTRsHEeH, SR
£ 709 E717F ekt S A e mER ] £7] 9
Zof| A&, FAL=En|et FA=eju] £7] AZRE=



Fig. 2. Morphological development of larvae and juveniles of Micropercops swinhoni. A: Newly hatched larvae, mean 3.94 mm in total length (TL);
B: 2 days after hatching (DAH), mean 4.25 mm in TL; C: 5 days after hatching, mean 4.98 mm in TL; D: 8 days after hatching, mean 5.49 mm in TL;
E: 11 days after hatching, mean 6.48 mm in TL; F: 14 days after hatching, mean 6.98 mm in TL; G: 18 days after hatching, mean 8.25 mm in TL;
H: 23 days after hatching, mean 9.26 mm in TL; I: 29 days after hatching, mean 10.1 mm in TL; J: 37 days after hatching, mean 13.6 mm in TL;

K: 60 days after hatching, mean 22.6 mm in TL. Scale bars = 1.00 mm.

2st et (Fig. 2F).

H3l 3 1897 Tr|xfole HA 7.97~843 (B 8.25+
0.25) mm (n=30)2 FFAgjn] & DeiHHo] 9JZ 4502
R3] Fjo|AHA F7|=poI7] 2 o] Pt SR T
A-jn| 718 wet A9, sA=gn|et AR =gn] &
7] QFEoE Fstglct. e g A= o] Jd FA=gH|,
AR =gu], mAegus 25 =gt 2 BHd £7)
T mYA=Hu7t 15742 F7REEL, SA=u] 107], R
Axgu] 10742 F7FetA o] Al7]ole wiA|=gju]o] &3}
7F A2 E] it} (Fig. 2G).

B3} & 2344 F7)xtoj= AR 8.87~9.51 (B 9.26+
0.28) mm (n=30)2 A1SA=gu]7} B3ls}7] AZeth1, 5

MEEE FFo] BRE JAstgon, 55 59L& w1
27HA) E 2o SAAZTF YAskGI T (Fig. 2H).

3l & 2994 2ol AA 9.83~10.8 (B 10.1£0.59)
mm (n=30)2 Zt £ A=2v] &7] $& AlsA=2y]
o 7~107§7F EEst AL, Al2FA =2 ] 10~117), KA =7
7~107, )R =2f0] 1470 (7+7)2 Aol EotaA 2017
2 o|yslgiet. SAaZE AFA= ] 7] 9&] 25t
%k (Fig. 21).

3l & 3794 2ol AR 12.0~15.2 (B 13.6+2.26)
mm (n=30)2 &2 % wgro] JAEUY FALZE vy
ko z e He7h WolRlal, 5] 9 EF-E e
SA A B3 B2 H7E dolAh M A% deRed 5



ZFoll= 9709 Wb B S 27} ST (Fig. 2)).

B3l 5 60UA o= AA 20.1~252 (B 22.6+3.60)
mm (n=30)2 & Ao FHYL27} J2sIR, ZHLZ=
AEA =], A25A =], A =gnjo JZ2eFe] 2~3
2 gstgen, & AAdle 457 FHE TSt
iR =uls AR 7F oMo g waEtg, e x| =]
£ 7HRYEFS 2~3F0] WIEHA T (Fig. 2K).

ik

]

FrojRY 2718EA At EEAVIE 2 AHHeR
%973t £ (Lee et al., 1998; Song et al., 2008, 2009; Ko et al.,
2011) ALt @2 F9] dak Ax]o] A|7]9] FEj7t ¥ A A
Ao, of7Fo] WAy whd A Fo] IRFHL F 2
FE % £7TH 7|E22 &8o] 7Hsdlth(Blaxter, 1974;
Balon, 1985).

2 ATde A9 27| WEAE st Z2 Tt
gt TATEL Z7|YEAE vlwsttt.

FEA= & 550 fle 27 B2 ol AAlsh,
542 & ot Be £, SAAEY] gHd e A
3l= o] Fo|th(Kim and Kim, 1996). Z-2 SAla| o] &8s
SAH (Lee er al., 2018)= 3P| SR, dEFAE (Park er
al.,2014)= 34 Fok72 & S50| =d o A4ete, Bz}
TS At EFEAC ARgA o] fARRIA oY A4)E
zfolof wpat f2zof ARtk FaE2et gl S|y vy of
Holgk Atet= FAM, SFAE Y ARt R - A 2f
°|g B4t

Z722) 9] AFERS 360~37570 (B 37072 2 FAE
3t 052l EAH (Lee ef al., 2018)= 264~5307) (B 3977H),
A2 =X} (Park ef al., 2014)= 810~8287) (B 8197)) = B
o AREEE EEA7F 7P Ao

e golA F3lsto] gojo] EAE 7R A o)7] A7t
Azt GAERE F9 172Q] FHo] ATt Fejrt AR
T APl A= TAE o] A|7|oA] RolE Hols AoR &
HA gl (Kim ez al., 2011), o]t £ Fej7} F&siA
RIEE= A7) oM GAA F T4 /-85 FHo] |
o} (Kim et al., 2021).

o] 27| (A xEH)= EF=A 1.23%x0.85 mmE LAE
A 71A) (Kim and Kim, 1996) 1.2 x0.9 mme} 2 z}o]7}F $13ict.
SAE BAZ 1A (Lee et al., 2018) 5.11 X2.16 mm, Y=
A A (Iwata et al., 1988) 3.56 X 1.86 mm, GE2FAE = At
A WA (Park et al., 2014) 423 x1.72 mm, 74 7§A| (Choi and
Na, 2000) 40X 1.7 mm= &322 ¢ 37]|7} 713 Zgket.

Wby I B9 2=, G, £23A4A, 25 59| ookt

1p

22
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P JFE W= AR A vt (Kim and Jang,
1994). o2& o]Fof wet FgAtel Heja E4 oE 3
A 2 HYE 7L, 271880 YooM= g 2 ZRR] o
o] A} ol FFE vA= T4 FH A%l F ittt
(Yoon et al., 2007; Cho et al., 2015). 3] @2 o]RoA &%
7t BE2E I dAE AQA|7te] gEEE Ao dEA
¥t} (Forrester and Alderdice, 1966; Hwang et al., 2005; Han
and Cho, 2007). o]i= & Wf ufjo}e] dhago] =of wa} thA}
£o| 7t wet REA|ITro] kRl Ao R dA ok
(Weltzein et al., 1999).

H3l 28 A7 FEA] 2 20.6°C 179417k, 4B 7
A (Kim and Kim, 1996) =& 18°C 238A]7to] 22 31
(Table 1), SAE]E BA37} WA (Lee et al., 2018) 422 19°C
428A|17F 65, &= A (Iwata et al., 1988) 13 (312A]71),
25 2= 2k WA (Park et al., 2014) & 19.5°C 442
A7t 148, 2H4 714| (Choi and Na, 2000) 4> 22°C 248A|7k
S5EO R FEA| 9 REpA|Tto] 71} BHA 28 [l

HE3H E3X e AR A Eh Bt gto] BHA 48
o=t ole 2o wWE WA T W3t 2o = Bl

AT A7) FIRpe| 9] A7|ef A o2 vl st of
ol Ao &2 T2 IR0l 27|% Zom, A9
3717 29 FE3Azke] A ow dojR|= Axkel T
o] = Aoz A7 HE T} (Sado and Kimura, 2002; Lee et
al.,2013).

Baztol 27| E42A AA 3.82~4.08 mm (H 3.94
mm), ZAEE 71A] (Kim and Kim, 1996) 4.5 mm, $AE= 2
A7} NA (Lee et al., 2018) 5.23 mm, <= WA (Iwata et al.,
1988) 525 mm, YEFAEE 22 7)A| (Park ef al., 2014)
3.87~4.53 mm (B 4.27 mm), 717 7)A] (Choi and Na, 2000)
5.8 mm, ¥7] (Voskoboinikova and Pavlov, 2006) 6.4 mmZ &
T2X7L B3} A A7|17F 7Pt ATk BoldoRE B F
O| ATk IAPH WA B¢ FE-2 BEA AL e A
& 2717k v 2A Yy ol & Btk E FakRtel o £9
FEE AT A3 EA=X = 73 2% i 7hegA] o
I Hesle »&5S By, A (Lee ef al., 2018)8 AEE
A2 (Park ef al., 2014)= F3} 2% v HEZTH} {95}
71& ®HESto] Zpol S ettt

F3ztol o] ey EAS vlwgt 23} FER]= 4R =g
0|7k $&o AZste] HE7HA] olojA QA e VIR
ERo|A dS7R] HR| =ju|7} oA QIGth mel= A
L& EBIGAL S U ol Hat Ashtol| A wE R
7HA] ololA it A JHA| (Kim and Kim, 1996)= 9|3
A Fel= ERoU LTI SRR 4~67) X2E 0] Sl
HollAl & A5 Adaet Aol & Byt A 27 7HA] (Lee

etal, 2018y 2 Y3E 23 QoI THMATLE & 9Z, o]
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Table 1. Time required for embryo development stages of Micropercops swinhoni from Korea

References Kim and Kim, 1996 Present study
Stage Fig. 1**
*W.T. 16~20°C 19~22°C
Zygote period Insemination - - -
Swelling - - -
Blastodisc 01:00 01:00 B
Cell cleave period 2 cells 01:30 01:30 C
4 cells 02:50 02:00 D
8 cells 03:20 02:30 E
16 cells 03:40 03:30 F
32 cells 04:30 04:30 G
64 cells 05:50 05:30 H
Blastula period Morula 07:30 06:30 1
Blastula 12:00 10:30 J
Gastrula period Early gastrula - 14:00 K
Middle gastrula - 24:00 L
Late gastrula 24:30 29:00 M
Embryonic period Formation of embryo 29:00 31:00 N
5~10 myotomes 32:10 36:00 (0]
14~18 myotomes 42:10 56:00 P
20~23 myotomes 156:00 123:00 Q
25~30 myotomes 193:00 167:00 R
Hatching period Hatching start 238:00 179:00 S
Hatching complete - 184:00 -

*W.T.: water temperature, **Egg development photographs (Fig. 1) of M. swinhoni (Present study)

3 ol &l M2t Ao, FA (Lee er al., 2018)% &
ZZ A (Park et al., 2014), ¥7] (Voskoboinikova and Pavlov,
2006)2] F3jrtol= HMPTHo] fJojA glo] FF=29t FH
2 Q1 Zpol & ettt

$F717t0] o|RA7I9F A7 FFEA] FHI &
7.97~8.43 mm (B 8.25 mm), ZAHH 7A] (Kim, 1996) 23+
169 A% 7.1 mm, 5AHEE 247 7AA (Lee et al., 2018)
2ol 5 159 594 mm, <A JNA| (wata et al., 1988) -3+ &
6% 591 mm, dE2FA = 22k WA (Park et al., 2014) #
3} A& 3.87~4.53 mm (BT 4.27 mm), 7] (Voskoboinikova
and Pavlov, 2006) 23} & 219 8 4 mm%rt}.

2 AFolAE Jier al. (2020)9] F7]|R}o] o] PA|7] Bk 7]
ol wten, $7]2to] o|YA|7]9] Apol= A A4 T
Aol wet zpolE Bl Ao wetHth BEHY 92X
= AR JiAE T S7]Ake] o] A7) 7t W= F7]|7F A 2

18 A%

ol2 Rt 2AFE Fhedlt oWV AR =T, 27
£ 71 7 F71R0] A)710lA BT Aol S Lrehirt.

7170l X719 ey EAE Blagt A1 LA Al

8

2EX]LE1“] SR =gu], R =gu|7t dEEe] I, A

SA=u| e}t iR =gn|7} £3}5}7] AJAbsteith A A
7%]] (Kim, 1996)= A25A=fnlgt Wdsigla, viz| =ajn=
23lsl7] AlZtste] B3 JfAeL U FrolA ZpolE EG
ot ZAE (Lee et al., 2018)} AEF AL (Park et al., 2014)=
2o TE gl ey AllSA =g u|ef vz =gu]
9] B3yl AYPER] ot xpol& Bt W] (Voskoboinikova
and Pavlov, 2006)&= A|15A| =] &} A25 R =20, AR =2
n)e} mEjA=gu)7t gto g AZAE ] Q= Ao|FE B F
T2 TATEL F7I1R0 A7] FHH ERJE RS &
At

YRt 0 2 ol ofFfoA T TR =gu|e} RR| =g
0] o] Whghe Aupe] SR =u|7} WEs] oMo WA e
317] A&s= Ao| YHtAo|th (Johnson, 1984; Faustino and
Power, 1999). F50] 59 Fa22= HAoA AFe 5o
& o7 WAt} 2ol A2FALnrt |A I F Al
SA=u|7t Tsiant. olggt Wk AT A
(Lee et al., 2018), Q55 AM] (Park et al., 2014)} 72 5o



Table 2. Comparison of egg, larvae and juvenile characters in Odontobutidae fishes

Fertilized egg  Hatching time

Species

Newly hatched larvae ~ Postflexion larvae  Juvenile stage

Authors

diameter (mm) (*W.T) mean = SD (mm) days/mm days/mm
(Botongeneon sreamy. 123X085 74k, 3942018 8254055 10103  Presentsudy
?éolﬁﬁfﬁ; stream) 12x0.9 (2 138%’?3; 45 167(%?ys 411 ;1 S Kim. 1996
(OB“Z’S ’ggfg“g’;sn’; l_‘l’z’iyjssh“l“ 5.11x2.16 42? 1}‘9266““ 523 155%Zys 298 %aiys Lee et al., 2018
&/Z rlgsylf]ff::éﬁ stroam) 3.56%1.86 312 hr 525 6;3{ s 5612?5 Iwata et al., 1988
Qo mere gz MSMUSR ez b A o
%;;fhrggl’l’ ’S‘iream) 40%17 24?;;5(:;““ 58 - - Choi and Na., 2000
Perccottus glenii - - 64 21 8(‘12ys 451 g -agys Zr?gklfatiloli)r:/i,k;g 81 6

*W.T. water temperature

B =oj7te] YINDE Favonigobius gymnauchen (Jin et al.,
2021), ARYE Tridentiger obscurus (Hwang et al., 2018) %
A= & 4 ok 92X Y AllsA=en Eg A7]= #
3t 3 2344 AR 926 mmFE £7]9] To] AIREHI &
AEQ FAHE S5 WA (wata er al., 1988) 3+ < 16Y
A 7% 591 mm, 27 7HA 3 £ 209 A 7.53 mm, &
2zt Ak A (Park et al., 2014) 23} & 39 AR 6.20
mm, &7] (Voskoboinikova and Pavlov, 2006) 3} & 21 8.4
mmE H 2 FAFE 5 FT2AY AlsA=u= M
A EEEhaL, B AI719 & 271+ 7P Ao

2)0]7] o|YA7|&} A7)= FF=A F3 T 299 A
9.83~10.8 mm (B 10.1 mm), 14HH 7HA] (Kim, 1996)=
3 T 419 A 13.5mm, SAHE= 27 WA (Lee et al.,
2018) 3} % 29 8.21 mm, L&A WA (Awata et al., 1988)
73t % 569 14.7 mm, EEFAE = 25 WA (Park et
al.,2014) 23 & 219 9.45~9.90 mm (B 9.71 mm), 7]
(Voskoboinikova and Pavlov, 2006) £3} & 45 12.9 mm$th
(Table 2). TFZA] 9] X|o] o|YA|7]= AP 7HA ot v PS
o 27] 9 o|FA7|oA W ApolF B, ZAFETE F
ArE] BAZE QA SLSHAL, 27 G ARG ZA%
on, dEFAEETE & 27171 ZHh

2 AT 29E TP B ST 24T 1Y 2714
rbs i 27], 73prto} 271, F3lxto] 9l 7]2to] FEof A
2ol 8 H{, B3} 2 A7H e Folgts AR ARS:
2 9 A Hojo ez wet 24 yehd 2o s A}

29t} 7)|7}o] o|PA|7|¢ AlTALH]= 2AFE M
ol 7P =A dEsila, ol & 27 E3F 7MY 2 Ao
Bt 27188 ALO A 2R SIS 4= ST

o} 79 ARJo] ARl glo] 2E|HEL FHm|ol= §lojA=
ot £93t YXE AR5t Utk (Kwon et al., 2013). 1L}
o] AR = 2EHY L A dAQ SZ=EXRE Zot
A Hol= v (Kasahara ef al., 1963)04] HlojUR] &5t =
AHPAE Al W2 A|PREQ 0} o H-S Z L Q= A o] FAloltt
53] uEtol A= A/ARJA vl o7t HolE o8
ZlolH 7] JEtH(Kwon et al., 2013).

2929 SAH (Lee et al., 2018), QEFALE] (Park et al.,
2014)= Aol 9] A Hol AH Al o 2710 AFI=S F5
= YHujo} B350 AF7F dgsieh v FIX| e 2
o] ol&] Aol 4mm ©]&kQl ¢ o 2717} Zrof 437t of
R 2 AtolAe Ao AFHE G4t 2EHE 2
g & FF8) Rkt 27] EES =Y 5 d%leH, A
Ao A AT A thFet 47 HeolFe § HE W 27
A ATE Yl it 47 HoldE o E Ao
et 27HAQ A= 2ed A o2 ARt

T

o] ATE WA 4 BEH AASHE ETEX 9 2714
BALE FHST 2AET $AVAS v EFEAY
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tas

AL gYFPo T FF IAL A4 1.23mm, B 0.85mm
ST 2 20.6°Coll A £33} A7k 179A]7k0] &8 =Y F
slajole] F71= A% 3.82~4.08 mmE Yt FEo| A
oA gttt 37| Y7 = 3?1‘37— 1894 AA 7.97~8.43
mmE UG FHEO] 45°2 3] JojFit. X7 F
3} 3 29UA AR 9.83~10.8 mm=E A =FHu| &7 $= FS
of @stict At A S22 ¢ 27|, B3R A7),/
FRH N ZAZTH ZFolE Eenh S7]Ako] oA 7] 9 Al
EX-Hu] v A7|E v wdk 29E 2 R w83, 3=
S4e Ho| 27| A ZHFHLY AoldlS T
Atk
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