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ABSTRACT The early life history of Silurus microdorsalis living in Jahocheon Stream was studied
by observing egg and morphological development. Live fish were captured in June 2018, then reared
in a circulating filtration system under a 14L:10D photoperiod with a water temperature of 18°C. To
artificially induce spawning, females were injected with 0.5 mL of Ovaprim (Syndel, Nanaimo, BC,
Canada) per kg of body weight, and males were injected with 10,000 IU/kg body weight of human
chorionic gonadotropin. Approximately 15 h later, eggs were artificially inseminated by the dry method.
Mature eggs were light pale yellow, which separated them from immature eggs. Fertilized eggs were
2.16+£0.06 mm (n=8) in diameter and fully hatched at 181 h after fertilization. The fertilization rate
was 63.1+2.2%, and 10.0+£3.7% of the embryos were malformed at 18°C. The rates of development
were 181 h at 18°C, 109 h at 21°C, and 76 h at 24°C. The larval size immediately after hatching was
4.64 +0.22 mm (n=8), and the larvae displayed negative phototaxis at 1 day after hatching. The total
larval length on 7 days after hatching was 12.47 £ 0.53 mm, with 25~30 basal anal fin rays and 14~16
basal caudal fin rays observed. The total larval length was 14.13+0.51 mm on 9 days after hatching,
and approximately 90% of the black endoplasmic reticulum was deposited on the head and body.
The dorsal fin had formed, and a single basal body was observed. On 15 days after hatching, the
total larval length was 16.69+0.31 mm; the number of basal caudal fin rays (18 poles) was an integer
because 2 dorsal fin basal rays and 60~63 anal fin basal rays were observed. The total larval length
was 28.96+1.10 mm on 50 days after hatching; the numbers of caudal fins (n=18), dorsal fins (n=3),
pectoral fins (n=11), and anal fin basal rays (n=67~73) were integers.
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FH (), 2 @), R, A (@) salisF 7| Silurus asotus 2&49to] A A5k Qlth(Park and
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FTOE F2 Eo| il sHto] AR o|FojR sHHY F A
ol AAlst, =42FT Z2 ofF 5& 4%t (Park and
Kim, 2005).

ol F 9 o AT} AA| o W] gk At 7|2 AES
2 dF-o]th(Fujimura and Okada, 2007). U]-3-7]2] 1= S
2 78% u)97)o] A AT (Lee and Kim, 1987), 1]-97](S.
microdorsalis)2] AT mitogenome AT (Park et al., 2020),
= AHF w719 97 B4 F71(Ki and Lee, 2018), A5
< 183 u]87] ALY A TE (Lee and Kim, 2001)] thgt
A7t Hug vf Qo i ST 27| 8l giRE Ats F
o] B4 £7A FATAE ¥ol= b T8t 2= @
A wlf7lol tigh & g @ 2718 tigt A= o] Fo
A A] kgt

A7 = FrA AT as vR7E BV EREFORE A
Aot AR 2T F RIS BF o2 WRe bk vk F
B A o 7o) i T} 22 7] 2 Atol gt BE AL
do| Pt F BT Fo] AEH O XYE]7| oYt}

79| FRAPLNA ST A F shh= ARSRIAY s
FE 9y U AR W 2% Holof tfgl 2| 4lo] B
Z3 EA 0|tk (Mahalder et al., 2023). ©]&3t 71& L SHEH
A9 BA= ARSTRolA 2]0]9] HAREe] o, AnpHow
Yol= 9F9) 2]o] AJAto| ofFH A Hk(Parvez et al., 2018).

TS A E ApX| o] 9 o] tigk ESHE R]49] BAY
£ 7|5 st w2 9] g R ofF WA o7 vlf7]
9l F HIE oA T, T BAE A I BESH A4
o] B agk Aol

wEha] 2 Aol A m5719 AE S
71 8gAte] gk A5 st 2o T ¢ EAY 2
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B o) AR u|8-7] Silurus microdorsalis X10]& 2018
4 62 AAAEE I g gde A5 (36°2'40.31"N,
128°58'50.57"E) Aol A Az (FE 4x4 mm)S o835}
o 1070A1E A8t AT Mol &5 dA(n=6)-4
An=4) NAE 248 v 4Aaxd F APz 24ls}
o 120X 60X 60 cm 20| 48311 422 18+ [°C2 ¢4
319t} 2ol &Fhojba] o2 120X 60 X 60 cm 439
A 18+ 1°CE &A|3te] 2018 6 F4HE 20199 149714
oF 7717t FEstE.en, 20199 2¥9] & 20+ 1°C, FF7)
14L: 10D2 283131, Ho| FF-2 YeHo|e vigiRE @

A, 072 o] 19 2804 FE54ch

2.8 rEk

20199 380l A4 A W8S 8] AL 227} 3
et AHAIE A F s 2 ARRE {5317 8 Ovaprim
(Syndel, Canada)2 oJAF 1 kgd 0.5 mLE EFo FASIL
ISAZ AT 5 B Qo= sE e o) A &
AL AWA717F 22E 0] s 1HAIE Adste oAl 525
o] HCG (Daesung, Korea)S o5 1kgd 10,000 IUS FA}3}
of 7A7 A%t 7, BT Wihekel Y48 HEh AN ES
o @71 4% &, 3|4 WS o] | A4S o] 83t <l

T st

3.t A 2 x}xlof 24

ulf7] 85 b Uy RS 2 18+ 1°C7 fAEE
A =G o, Wil of Y, AY F 234 HEZ| Y49
172 Eol1& B3ttt

bt Zxjo] ] TE2 AA|Fr] 7 (Motic SMZ171, USA)
< ©]&3f 10~50812 BB Ao Fe= AR AR
o] d4% gx|E7Hi2k(Olympus SZX9, Japan)Q} A& n]7
(Olympus DP72, Japan)< ©|-&3f Z9stct. 4z gt
A FEL Kimmel et al. (1995)2 13}, #Apx]oje] v
YL F2AE 24 /A o A8 MS-222 (Syndel,
Canada)E ©|-§3}o] nha & WastGl on, Izko] T 7iA|l=
The TS Q8 2ol Yol

o] o I nR)= S AP Y8l AsEAe
£ o s 2% 4RhA7] 44221 21°CE 7]&(Ki and Lee,
2018)2.2 18°C, 21°C, 24°C 37} AP LS HAAstglon, 7k Al
A RS F e Bt 120708 =83k Akt
St

4. SAXzZ|

B3g 9 7|gE ZIol digt FAA = SPSS A H71A|
ZZ233 ver. 12.02 0|83} one-way ANOVA test®} Dun-
can’s test2 B 7+ $-9JAS AATIATHP <0.05).
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of ¥ Lto] EF

Aol o] &3 A=t wR719 4R (n=3)2 F AF
183+10.60 mm, B A5 65.42+11.78 go]on, £73
172.0 mm, 45.0 go] i}, Abghet o] it 7= 95020

W



OlF71ef o 2 H Xtx|of HEfLE 93

Fig. 1. Silurus microdorsalis eggs at a water temperature of 18°C. Each developmental stage is indicated alphabetically and is shown in Table 1.

817~1187)y/hg e, A& (n=29)9 Z7|= 2.00+0.05
(1.86~2.08) mm o, AatelES Z33t H(n=29)2] 7]
£ 3.68+0.14 (3.52~3.87) mmc}. v-§7]9] Ao At o
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1) M=Z %"'7I (Zygote period)

SRR £ F 308e] B FHS) Asgon 57
F(n=8)9 A7|E= 2.16+£0.06 (2.04~2.24) mm=Z FA3}H
on, ABHFS X FEH=8)Y A7 4.65+0.26
(4.03~4.99) mmZ HA3}IF}H(Fig. 1A). 4 T 1A7F 2089
HjHk(blastodisc)©] FAE A TH(Fig. 1B).

2) st &A7|(Cleavage period)
5% F 247 2020 ko] dgto] Aolut 2749 BT

B8k 2412712 ol FH YT (Fig. 10). 74 = 3AIt 302
of 27§9] i Ao XYEo] 4X 7|2 o] Y= UL (Fig.
ID), 5+ & 4|7k 30200 8A|Z7| (Fig. 1E), &8 & 5412
502l o] FdE] 1682712 oY= Ytk (Fig. 1F). =
g T TAZE 2080l dEo] AgEo] 324|272 o] PGl
(Fig. 1G), 74 ¥ 8AIZt 40890 64X 7|2 o] = 3Tt (Fig.
1H).

3) ZH{ §M7|(Blastula period)

47 3 10417 4080 do] AAEA 7o 271k A
£ o7 ZhA3dte] AA7] (morula, 256 A E7])0f =E3IF T
(Fig. 1), % & 1247k 4080] dsto] A3 o] ZH)7] (blas-
tula)ol] =E3FATH(Fig. 11).

4) "*HH &M7|(Gastrula period)
A T 24X 7 o] Full (gastrulation)?t BAEHA A==
(vegetal pole)-—] 30% ©)d-& §o] 7] Full (early gastrulation)
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Table 1. Silurus microdorsalis egg development at 18 = 1°C

Developmental stage Elapsed time

after fertilization (h : min)

Characters

Zygote period
Insemination 00:00
Swelling 00:30
Blastodisc 01:20

Cleavage period

2 cells 02:20
4 cells 03:30
8 cells 04:30
16 cells 05:50
32 cells 07:20
64 cells 08:40

Blastula period

Morula (256 cells) 10:40
Blastula 12:40
Early gastrulation 24:00
Late gastrulation 36:00

Embryonic period

Embryo formation 41:00
3~4 myotomes 4430
8~9 myotomes 49:30
12~15 myotomes 54:30
20 myotomes 59:00
>50 myotomes 76:00
Hatching period

98:00

Hatching 128:30
181:00

Sperm and eggs inseminated

Swelling
Blastodisc

2 blastodisc cleavage

2-2 array of blastomeres
2-4 array of blastomeres
4-4 array of blastomeres
4-8 array of blastomeres

8-8 array of blastomeres

16 regular tiers of blastomeres
Flattening produces an elliptical shape
Early gastrulation (30%)

Late gastrulation (90%)

Embryo formation
3~4 myotomes
8~9 myotomes
12~15 myotomes
20 myotomes

> 50 myotomes

Hatching start
Hatching 50%
Hatching complete

o =G (Fig. 1K), 4 £ 36417k A1E=9] 90% o)
S o] &7| Yl (late gastrulation)©f] =&} TH(Fig. 1L).

5) Bi&| €-M47|(Embryoric period)

T T 4140l A7F 2HA g Qo IA|ZE HiA|
(embryo)2] So| 3|4 wiA7} A= AL (Fig. IM), 7
B 44N 7F 30To1] 24 (myotomes)©] 3~4717} B4 = %It} (Fig.
IN). 7 ¥ 4947k 30480l ZHo] 8~971 a’“ﬂ%’if’—, Qb
(optic ves1cle)7]- FAE U (Fig. 10). 4 & 54A]17F 3059
<Ao] F7Iske] 12~15717F B = M-]—(Flg- IP), +4 ¥ 59
A7kl Z-o] Z715ke] 207171 FAE ™, 0] E (auditory
vesicle)7F A= Atk (Fig. 1Q). %4 F 76A17te] 2-o] 7t
atod 5070 ol FAE U, Aol FAEIgom, A= (lens)7}
FAEAT, 7R A= elu] 97)7h A E o m, et el
27k AA AgE ol 292 2553t (Fig. IR).

6) £317| (Hatching period)

A T 98A |17t mE|E o]-&3f ] i duks £ B
37F AFEN o, W o HE W51 %L AgtelZo] A9
7] A& 4 3 139417 3080 AT 50%7F H

SHESAL, Y &

1S).

18147kl &H3HA| F3} &= = Tt (Fig.

AL

3. X0l & x[ofof e

1) tt2t X107 (Yolksac larvae)
B3} 23 2ol HA 4.64+0.22(4.25~4.88) mm (n=8) I
712 Bo] gt 4 nglon] sA7 LR FHA). ¢
< W offZe] A, FF oAU FEol ‘“*EM b
Pout obxl ebds] F2jA] Ygkon, Wt ofej&o] mma i
oA Ao zRE ALy N 52o] WA Yr}(Fig. 2A).



Fig. 2. Larvae of S. microdorsalis from Jahocheon Stream, Korea. A: Immediately after hatching. B: 1 day after hatching. C: 2 days after hatch-
ing. D: 4 days after hatching. E: 5 days after hatching. F: 7 days after hatching. G: 9 days after hatching. H: 13 days after hatching. I: 15 days
after hatching. J: 15 days after hatching. K: 30 days after hatching. L: 50 days after hatching. Scale bars represent 1.0 mm.

B3l 3 147 ol AR 6.39+022 mm (n=8)E HML F
Fatg oy & BH S AXA|7F HEHo] glglen, oF W
9] A= 31| Hh-g-(negative phototaxis)= B R TH(Fig. 2B).
B3 2dAE AR 7.60+£0.19 mm (n=8)E HUZo] 2/38 Z9)
I PR opF] dEjA] oo, a2 3] EE gl o 7t
99| Zol& st (Fig. 20). 73+ 48 = A% 9.16+
0.12mm (n=28) I7]|2 U3}o] 122 &1 7I&A=Hu|7t 2
A ARE G ow, o] dejHA dEulo S AL,
nA =] A7 A= Fo FHA w7k S A

A7t A= Qe (Fig. 2D). 13} 54%)= A& 10.07£0.10 mm
(n=8) w2} HZo] 50%71F S A2ZA7F W2 5
A =eu] 9717} Y= 3k (Fig. 2E).

2) F7| Xt0{7|(Preflexion larvae)

B3}l 74R = AR 12474053 mm (n=8)F X -ajn] 7]
FE 25~3070, mEA =] 7]2E 14~16707F HEE o
o] == F4H Utk (Fig. 2F).
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3) 7| X10{7|(Flexion larvae)

B3} 997 A% 14.13+0.51 mm (n=8)E H2|¢} Bof T
A AZAZE 90%71F AZE T, S Hu)7t AR 7=
7b 1707F TR E e, A deto] 9= $jox]7] Al
AroF 264 ¢] Z1o]7} 3.1~3 2 mm (n=3)E A%= %t}(Fig. 2G).
B3} 13974 A% 15.9240.15 mm (n=8)2 S| -gn|2 g}
o] HalEw, SX|=2u| 7]Z 1707} FA AT (Fig. 2H).

4) £7| X}0{7|(Postflexion larvae)

23} 1597 A% 16.69+0.31 mm (n=8)F XX =2|n|
712 (187)7F A2 vegten SA=gn] 7|2E 270, KA
rgn] 7)2E 60~637)7F TRE Itk (Fig. 21, 27). 33} 3044
£ AA 21.70+1.52mm (n=8)F XX =2 (187}, TA=
2m] 37)), 7FEAI=Eu] (1174), KA =28 7|2 (65~677)=
el on, A Ik 45°CE $443] 3R, 5&AA &
YR =u|7HX] 7 FHo| B4 a7t s o, 5ot
4 2% Foll 1%] B3, 7sA=ajn] o S &
ZA7 Q7 JE o, vl YR adle] Hof BYsiglal
SA Ax7F AR R E G om fo] Skt (Fig. 2K).

5) X|0{7](Juvenile)

23} 5047 A4 28.96+1.10 mm (n=8)E H X =g n|
(1870), SA=&u] 37h), 7R&A=gu] (117h), RA|=2jq] 7]=
(67~737)7k P2 vkt Aoj7|2 olgstglon], ot 5
9] Zol7} AAE L, FA=u]e} X =ju] Ato]<] B3]
Lau|7t A sk 2FHos AR, A =gu)o] S
A &IEA|7F HRE e, W RE 27| S 2247 Y
2 Z2UsHA FAE oot 9FH EF o] Ak (Fig.
2L).

4. XIx|of g%

Holato o] ML 4.64+0.22 mm, 23} T 1Yo AZS
6.37+0.28 mm, F3} ¥ 2o HAL 7.64£0.17 mm, F3} &
390 AL 8.57+0.19 mm, F3} T 4Y0] AFL 9.15+0.12
mm, $3 & 5%0] A2 10.23+0.33 mm, £3} F 6Yo] A
A2 11.0410.18 mm, #3 & 7o ARL 12.47+0.47 mm,
H3l 5 8o ARL 13.26+0.15 mm, 3} T AL 9Y9
14.13+0.47 mm, £3 3 1040 AA-L 14.72+0.04 mm,
3t & 1590 AL 17.23+0.54 mm, £3F T AL 3049
21.7+1.52 mm, 33} & A& 504 28.96%1.10 mm, £3}
% 6590 AL 34.1+345mmE AR on, AR 27]9
AZFALL. Y =0.0002X° —0.0226X>+1.0947X + 538712 2AA
A= (RY) 2] TS 0.99492 UrEbytth(Fig. 3).
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Fig. 3. Early total length growth curve of Silurus microdorsalis after

hatching at 21°C (Y =0.0002X> - 0.0226X*+ 1.0947X +5.3871 and
R>=0.9949).

Table 2. Egg development hatching and deformity rates of Silurus
microdorsalis according to water temperature

Elapsed time after fertilization (hr : mins)

Developmental stage

18°C 21°C 24°C
Blastula 12:40 10:00 07:10
Formation of the embryo 41:00 28:00 19:40
<50 myotomes 76:00 50:00 36:00
Hatching (50% complete) 128:30 92:00 68:30
Hatching (complete) 181:00 109:00 76:00
Hatching rate (%) 63.1+22* 376+57° 73+0.5°¢
Deformity rate (%) 100+37*°  228+11.6° 408+55°

ab.c. ANOVA test results show significant differences.

=17

5 ¢2E W

nE
0=

=1

o719 ZF 28 Ao 0|2 A7 Table 29+ 2
o] Yepdth 4 & Zuf7|71x] Teshs A7 18°ColA] 12
AZE 408, 21°Coll Al 10A17F, 24°Coll A TAIZE 108-0] 2= %]
o} Wi FAZIA] s A7 18°COlA 41417, 21°CoflA
28A)7E, 24°Cof| 4] 19A17F 408-0] 2 = Qich o] 5074 o]
P == AI7H2 18°ColA T6AIZE, 21°CO|A] 50A17E, 24°Col| A
36A17k0] 29 =k Halrt AR == A7 18°COJlA] 1814]
7k, 21°ColA 109A17E, 24°CollA] TOAITEO R 20] FS4E
29 == AZko] Folx|= Aol st

fleo] AntE Higoz oo met 7k YAGAE 284
e Ao YESITth (Fig. 4). Fig. 48] X552 +2(T:
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Fig. 4. Time required for each development stage at three different
water temperatures (4 ; blastula stage: 1/t=0.0102T —0.1084 and
R>=0.9652, m; embryo formation stage: 1/t=0.0044T —0.0562
and R*=0.9926, A; <50 myotomes: 1/t=0.0024T —0.0309 and
R*=0.9986, —; hatching (50% complete): 1/t=0.0011T —0.0128 and
R’=0.9971, ®; hatching (100% complete): 1/t=0.0013T —0.0174
and R*=0.9994).

temperature), Y& WAATAE 28 A7kt hour)?] 948 1
ER ], S22 3} WRTHAE A Q A 7ke] TA| AL et Zhopt),

SEHI7): 1/6=0.0102T —0.1084 (R*=0.9652)

HiH] A7) 1/6=0.0044T — 0.0562 (R*=0.9926)

248 FA7] (< 5070): 1/t=0.0024T — 0.0309 (R*=0.9986)
B317](50% ¥&): 1/t=0.0011T—0.0128 (R*=0.9971)
B317](100% 93): 1/t=0.0013T —0.0174 (R>=0.9994)

o] AL vigoz YZ9| gho] 0 o XZo 3|77 4o]
Aok el 422 ulf7]9] 27] | wAjo] IYPER| ok= A
E3td Ju2 FF 122°CE A=)

6. %318 X 7IHE

7} 429 B3}20 18°ColA] 63.1+2.2%, 21°COIA 37.6+
5.7%, 24°COllA 73+0.5%= 18°C, 21°C, 24°C AFPTF 7to|
FoJ7t AolE HALH (P<0.05), 18°CoA 7HE w2 738
S Uehith 71852 18°ColA 10.0+3.7%, 21°CollA 22.8+
11.6%, 24°ColA] 40.8+5.5%= 18°Ce} 21°C AT 7ho] &
o)} 2ol 7} Yo (P>0.05), 18°C, 21°C2} 24°C AF 7+
o fFsHA =2 S HRALH (P<0.05), 18°ColA 7 @
71 ES UEtlth 713 9] Fel= 2|7t A=A got Zolrt
72 FH, 257} Fol7 FHEZF iRl it

05719 Aathe ®Ho| Ao Fojg|d AgdFer =
gRto] Sl 2 AT H7|9F o] Ay gojeo Azt
935S 7 fAEEATH(Mun ez al., 2017). BI77]9] s
WEE 200+£0.05 mmZ W7|E ZAFTEL ¥|wstd, w7
1.66+0.05 mm (Mun et al., 2017), AN Pseudobagrus fulvi-
draco+= 1.70£0.08 mm (Kang and Lee, 1996)Z u]-f7| W17
3719 vj3] 22 A2 yelgoen, WX FAN P. brevicorpus
+ 1.99 mm= (Kang et al., 2007) v]719 W73 2717} 54+
sttt w7189 R7MA Liobagrus mediadiposalis= 3.27
mm (Choi et al., 2008), £ L. obesus= 3.30 mm (Seo et al.,
2006), t5780] Leiocassis ussuriensis= 2.36+0.11 mm (Park
et al., 2015), =5AN P. koreanus+= 2.59+0.08 mm (Kang,
1998)& F7-2 ulf-7]of vl & Ho| T (Table 3). 1|-F7] F
iRt} A7) 4.64+£0.22 mmA3L, FANY] Hapto] F71&
4.20~4.30 mm (Kang, 1998)2 1|-3-7|¢} H|$=3toH, H|7] <
H3lxjo] 37]= 3.62+0.03 mm (Mun et al., 2017)Z 1]-§-7]9]
vl 22 ZloZ yelgy, A 5A7 = 5.90 £0.20 mm (Kang
et al., 2007), A7+ 7.18~7.39 mm (Choi et al., 2008),
o= 7.30~7.90 mm (Seo et al., 2006), Ol's7o]= 6.40+0.06
mm (Park et al., 2015), =5A7 P. koreanus+= 5.41~6.01 mm
(Kang, 1998)2 w|-§-7]¢] F3}ztoof ulaf Zict.

oo 27| WEE #23 ¢o] Ao FE wow vt
How Wro] Z74hA RahAie] AojA 1 Aol9] A% 5
718t} (Pepin, 1991; Pepin et al., 1997). B]-{-7]& 452 24°Co|
A A (50%) F3tol] 28 5= AlgFo] 68417t 30203 e,
7] = 23.0~25.0°CollA A¥E B3}of| 29 &= A|7hE 60
AIZE 00R o2 W9 277t F7HdE Rt F7tste
78 ot

FANE 2 25°CollA 53A17F, BASANE =2 24°CO
A 50A1ZE EEANE & 21~23°CollA 72417, tiis7dol=
L2 24 .5~26.5°Co|A T3AI7F 108, A7 = =2 22.5°C
oA 189AZF 202, Fol= 2 22.8°CollAf 22541t I5EL=
o719 Ayt BIpA 7 21 A2 vl o R o, £
718 712 dAF o2 49 7|7t 248 F3ATto] F
7¥ste 3ol et

o AT FIATEE 20 7P F2% ajlo|w, =2
o] o= R3PAZto] FotA= AdE Eth(Herzig and
Winkler, 1986). & A7-oflA F3PAIZEE 18°ColA 181413,
21°CollA] 109AI7E, 24°CollA] T6AIZE 28 Eo] 0] 54
£ R3}o]] 2Q 5= AJTto] Fobx]E Aol vlf71e 22
FL2(23~25°C)0l|1A] 68AI7F 302 H|7]of vlal H3tA7Ho]
o 244 28 F 30
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Table 3. Comparison of egg development in the order Siluriformes in Korea

. Egg size . . Time of hatching ~ Water temperature ~ Hatching size
Species (mm) Hatching period (hr : mins) at hatching (°C) (mm) References

+
Silurus microdorsalis (21%%:3 83) 50% complete 68:30 240 4.64+0.22  This study
Silurus asotus (116662f ?;)(?) 50% complete 60:00 23.0~25.0 3.62+0.03 Mun et al., 2017

+
Pseudobagrus fulvidraco (1176(()):?;3)5) Hatching started 53:00 250 4.20~4.30 Kang and Lee, 1996
Pseudobagrus brevicorpus 1.99 - 50:00 240 590+0.20 Kang et al., 2007
Pseudobagrus koreanus (zzzgsfg ;)(?) Hatching started 72:00 21.0~23.0 541~6.01 Kang, 1998

+
Leiocassis ussuriensis (22;?):3 515) Hatching started 73:10 24.5~26.5 6.40+£0.06 Park et al., 2015
Liobagrus mediadiposalis @ 823; 73) Hatching started 189:20 22.5 7.18~7.39 Choi et al., 2008
Liobagrus obesus @ 923(3) 92) Hatching started 225:15 22.8 7.30~7.90 Seo et al., 2006
TEEAEE, 22 W71 wrle 73} A5 9o 2o R =2 Tt AT At f= A 228 3] ek dHE ¢
HuEo] Zo]g HtH(Mun et al., 2017). 121} Atoda (1935) FE UA FIREo AolE Hols A= U A Utk (Sahoo

& 7] AR ol shetoll WsHA]l = 49 (permanent) 1483
QA1 A 2l (temporary) G 1280 2™, 40 mmolA ES3tch
TR o ek BlRlE 5 309 W71 spetel 240
ZAFIAT, 302 o1F 140] HSSHe Aol BaEol AAHel
Sl 14o] H3R A2 BRElet. o] o] £9L 7HA14ol

L £ A A A=E F7HAFth(LeClair and Topczewski,
2010). 3k} A 9| E3} of = 23}H o= 273} 2 g
w2} £ Z}ol7} Q= AL R B I ETH Puvaneswari et al., 2009;
Olaniyi and Omitogun, 2014; Andrade et al., 2016). W|7]2}2] o]
7] & wlf7]olA go] EItEE Aog Hol w7|et uj{7]
9] 4o FHHEY +gY W] Wofshs F-AAE (gene
family)©] E3351A] 922 (LeClair and Topczewski, 2010), 3=
T ol sso] Bt SRR BA Wafabd A4S B 5
Blof] gt A7 o AoE Hlh

AT AR FEIT] Y AAHOE SRS FAT]
W] Aolel J4E} BEe FaABEE TNl def
(Sahoo et al., 2005; Achionye-Nzeh and Obaroh, 2012). & 4
oA w]g7] o] LA Ovaprim SJAF 1 kg 0.5 mLe} 5=
ol HCG 1A1F 1kg3 10,000 IUS A3t o, o]zdt &
2L AN w73 FollA A A ol aEd
2R o7 HIEITH(Caneppele et al., 2009; Achionye-Nzeh
and Obaroh, 2012; Mun et al., 2017; Kumar et al., 2018). &2

et al., 2005; Achionye-Nzeh and Obaroh, 2012). 32 2-& %]
o ul7]9] Bk 18°CoA 63.1+2.2%2 A+ Abgto] H]
o Wlad e RoleE 2REC neby 2F F2E SEY
wohaut 7138 2Aste] AT ARk S50 AU FASE
A7t Zag Ao = B3It

ARe) $IE W i 28 $53 250 ol
TH(Honji et al., 2012). & Ao A mlf7]= £33k 2 4d 2
o] gtsiA me Fio| Wuks wy|shn x| RE FatE gl
t}. Langeland and Kimmel (1977)2 tjf&9] AZojie= &
3} A Wjote} ma] uo] WA Hslsle e Busigont,
Moystus gulio, Clarias gariepinus R Heterobranchus bidorsalis
o A2 718 FE2 nlR7Ie TS &l FEo] WA R
3h3t= o2 I EQTH(Olaniyi and Omitogun, 2013, 2014;
Kumar et al., 2018).

2 dFolA w719 §3} ks 22 18~24°CRL
24°Co| A HIE-L 73+0.5%2 vl FhL, =7} Holde
2 Boigo] We AoR Ueh} 1420 oFt ZloE et
o B3k8 18°C(63.1%)7} 21°C (37.6%)°l| 8|3 oF 1.54) oA
et 28k 7Hs HASLold 1 e A 0R ekt
whebA ml-R719] QF Al ol whet 23 B3 2= 18°C
7} Harakict.

ul§710] A7) AL SEASE v s~6UR

Z205

= 2
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FAER o, At 28 21~24°CE FA3}3L Tk (Ki and
Lee, 2018). & Aol|lA] w|f7]9) 2 b g AY Ao
Al & 18°C, 21°C, 24°Col|A] R F3P7} 7hssto] 37 Abgh
A7) 23 GAISHGITE AL A Fof ZYA7]= 68 T
ojglor, Al 22 18~19°CH L (https://water.nier.go kr/),
35 n|R719] AaehE SRlsth B3 7897 g
571 AsthE gRlstlen FA] 22 22~23°CAtH 4=
20 G AT 18°ColA) 42 A AReIA 18°C
k80| 63.1£22%% 7P U 7|1 ES 10.0£3.7%
2 7P Wob AAR| Y] a2t B3t 2o YRS ot
(Cyprinid) B401 22| 2= 23} 220 4o 2|9 223
AX|5h= A2 BIEO] 9} (Herzig and Winkler, 1986). Ki
and Lee (2018)2] ATl 34 Ab7] 4222 21.5~24°C2]
S et 2 Ao A 42 Wele} viasigont, HF 2
3 529 WSE Tk Aol7} ARk BHE HEASS v
o Mgk 48 2% ATE 42 WS} vl AFE Holt
27 A2k 52.0) 232 olFThKim er al., 2008). THebA $&
W 258 Aolold] 22 23 LS 15 Cgon], Halxe A
ZHY P2 AT U A3 AbA 7] = HHE A
Fopdo] vl =2 F3E Hol=tl, ol AZH Aol A
3 G FFgor BZEY HE 7 Zol= Qs 2oF
3ol BAHAL, 20 W& AF5 Wil g @ 20 F
Ae7] zoez S AAZ 2 A7) 5~7H9 Y54
2(20~29°C)°f| HI&f| A3 H 2 (18~23°C)°] oF 7~8°C7}
F e AL 815}t (https://water.nier.go kr/). B Ao A

an

£ 5719 HF Fa} 4=20] 18°C7F AR o, 5 18°C
£ 7|1F02 15~20°C Ato]9] L& 7 23} 20| AUt
ZApLEast Aoz BYch

£ AT 23E FYARA 019719} o718 2AFE 1
7. RoE, Rael 27104 o7k gtk vl 871k 2
w7149 d7)e] wjsh dgol o, Baprele] 7% ek,
u§719) 42 W g AaHe 18°Colq 28hgol THE B3
on 7198o] 7bg Wol 18°C7} Hotel 7V A 20l9d
o o171 1Ll HSIE R ) FHste] T 42 Ao
WA ol g AR Holu], ol WA AT A&H
2 977t aF oz AzhEn.

flo &

o OF
I ]

E AFE= AEHof| AAsk= ulg7] Silurus microdorsalis
of W 9l W AjHjoje] FETS AT} 27 WTNE A
T81ic}. 20184 69of| ojE 280, L2 18°C, B
7] 14L: 10D°] 204 ¢grojatal oz ARSSIGITt. Q13 4
T FEE sl A=t ol Aol Ovaprim (Syndel, Canada)
A% 1kg@ 0.5mL, Ao HCG 1A% 1 kg 10,000 1UE

DIR7Ie) L 2 U REXIO] BefwE 99

(

ARSFRAL, 15AIZE Fofl Aoz 91y sAstAt A
BN 22 A"l AT dE2 216
m(n=8)¥1L, 4 T 181 A7t vt &3] Halstg)
o A o2 18°ColA B3 63.1+£2.2%, 718 E
3.7%2 Ut 18°C7F F3tof| A3t -2o)qlet. =2
&=L 18°ColA 181A1ZE, 21°CollA 109A4]7F, 24°C]|
6AIZte 2 Yehton, 27] b dgo] AYHA| dhe 2
P Fat 122°CE FAE. 73 25 7poj9] 57
642022 mm (n=8)FL, F3} & 1Yo Uef A= 3]
-5 (negative phototaxis)= BTt £33 74A= A& 1247+
053 mmE HA=gn| 7|2E 25~307), YR =gu] 7]2=
14~16707} =Gl om defo] BF FoHo| A7) zpej7|2
o|st3ict. £33} 98 = A 14.13+0.51 mmZE H o} 5o
B 2ZA7F 90%71F AT SA=2u]7F FAE o] 7]
271 Ul FEE g eH, A4 dito] /=2 Fojx|7] Al&ste &
7] Zpoi7|2 o|gstict. £33k 1598 A% 16.69£0.31 mm
2 mA=] 712 18A)7F A2 yEhge A=
712 20, RA o] 712E 60~637]7F TEE G 0w, 24
TS 45°CE &3] FjojA F7] Aoj7|=2 o] Pstfiet. F3t
509A1= A% 28.96+1.10 mmE XA =2 u] (187]), SR =
2] 37, 7R A== u] (1170), A =2{v] 7|2 (67~737H)7}
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