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ABSTRACT Egg development and early life history of the Korean natural monument fish
Hemibarbus mylodon (Pisces: Cyprinidae) were investigated to provide basic data on biological
characteristics and ecological recovery. Adult fish were collected from nature and transferred to the
laboratory. For the first time, artificial maturation of females and males succeeded after 15 months of
indoor culture. Mature eggs and sperm were obtained using Ovaprim injections (0.5 mL/kg) and then
the eggs were fertilized using the dry method in the laboratory. The mature eggs were adhesive, turbid,
and greyish; they averaged 2.21£0.06 mm (n=230) in diameter. The embryos began to hatch about 78
h after fertilization at a water temperature 20+1°C, and the newly-hatched larvae were 6.6 £0.75 mm
in total length (TL). At 14 days after hatching, the post-larval individuals were 13.5+£0.23 mm (TL), and
their yolk sacs were completely absorbed. Twenty one days after hatching, they entered the juvenile
stage and reached 13.5+£0.23 mm (TL). At 100 days after hatching, their band patterns, external form,
and a pair of barbels were similar to those of adults, and they averaged 33.0+4.25 mm (TL). The
breeding technology and characteristics of early life history obtained in this study will be very helpful
for conservation of H. mylodon in nature.
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23 o4 200385 HAYE oA B A7}
AW, HAA SAT A, 4884 A7 Fol
o] 2 0] 21 (ME, 2006; Bang et al., 2007, 2008; Kim et al.,
2007; Lee et al., 2008), Q155270 HLEHA EHS ¢
3 S 45 2 AF S oIFA A7t BRE
Stk (ME, 2006; CHA, 2012). 3}A|9t o] &% 9] Wute 713t
2ol ol 2Rt gfol A &4H7] diol & &
A 278 gt A= AAoA YR A (Choi
and Baek, 1970)7Fo] HuE3lE B opA7bA] AFHA] X5t
qArh.
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9] E-9 (restoration) ¥ X2 (conservation) 5=
4] 7]%& 2 (establishment of culture technology)e] ko
2 Zy7 A5 Jth(Song et al., 2008, 2009; ME 2009a,
2009b, 2011a,2011b; MLTM, 2010, 2011).
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HERT, FHORRE 2 AL APl 100 3]
HAA ANYOR FHAAG. A4T Wole) AL AF
- 58 P ARE |mm, AFE 1 7M1 SHHA
o, et AAER ARan, A4 270t 1 2
4 NS B 307 B S Skt

g IS BESH] fJste] EREE AT Park er
al.(2001)9] o] whek 15%9] o}ZFANLE & (NaxSOs) 428
HE o] M2 EAS AASH FHGeR A £ 9
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51411, o] F FRP 422 271 tT01]1- frrdos J«LEI A
= WiFAE R Agete] ARSSHET A -
o] Fef T %‘— ASHE 1004714 ZF gAY F24+9
2 1071418 AA3te] uh3A] (MS-222 Syndel, Canada)E ©]
4310 uhy F AT o B 9 2} - Zo] Y| w2
7} 2k (Olympus DP72, Japan)7} -2+ sfjH-& 1] 7 (Olympus
SZX9, Japan) 0.2 IATA o] 2 EAS #F - FY5H
o} WA= Charles er al. (1995)3 Kim (1997) 3115}
skt

Ao NRE AR Hemibarbus mylodon= FRP 3
AA AFE719] FF7] (14L: 10D)2} =2 (18°C)ol|l A A5t
ﬁl—]’ 1571 58 A=t AAZE BEEH [ A= +A
2 ERIMo g Fol HA oA F4o] Yehum 5 ¢
b A olo] BAEIRT, A4 AL BRI} wol Ao
#4301 A e
2 A& 290~302 mm, A5 244~330 g

R, A (n=3)2 A 290~321 mm, H|F 256~383 g°]
At ] NAEol Ovaprime FAFSE] 12A17F ool A<=
A2 Y= £ dReH, Ak (n=4)= FH4 4,309+1,038
(3,158~5520)7N At At F3 9 EFYT A 34
(FFe B AR AT D& 2214006
(2.08~2.36,n=30) mm% th.
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Table 1. The egg development stages of Hemibarbus mylodon at water temperature 20+ 1°C
Stage Elapsed time Description Fig. 1
Zygote period
Insemination 00 min Sperm and egg are inseminated -
Swelling 15 min Swelling A
Blastodisc l1h Blastodisc B
Cleavage period
2 cells 1h 50 min 2 blastodisc is cleavage C
4 cells 2h 05 min 2-2 array of blastomeres D
8 cells 2h 25 min 2-4 array of blastomeres E
16 cells 2h 45 min 4-4 array of blastomeres F
32 cells 3h 05 min 4-8 array of blastomeres G
64 cells 3h 20 min 8-8 array of blastomeres H
Blastula period
126 cells 3h 45 min 8-16 array of blastomeres -
Morula (256 cells) 4h 05 min 16 regular tiers of blastomeres I
Blastula 6h 30 min Flattening produces an elliptical shape J
Gastrula period
Early gastrulation 11h 00 min Early gastrulation K
Late gastrulation 20 h 30 min Late gastrulation L
Segmentation period
Formation of the embryo 23 h 00 min Formation of the embryo M
4-5 myotomes 25h 30 min 4-5 myotomes, formation of optic vesicles N
8-9 myotomes 27 h 00 min 8-9 myotomes O
13-14 myotomes 29 h 00 min 13-14 myotomes, lens rudiment appear P
20-21 myotomes 34 h 30 min 20-21 myotomes, formation of auditory vesicles, brain Q
neuromeres prominent, tail begins to extend
34-40 myotomes 47h 34-40 myotomes, formation of heart, tail well extended R
Hatching period
Hatching 72h Hatching start
78 h Hatching (50%) S
96h Hatching complete
o Lt il 7F A E L0 (Fig. IN), 27417 Folli= 8~97)¢] o] 3
o gyl 7 g I% Table 19 Ajefgiz, 2 SR 10) WA Tl 20l 15167 B9
) = 3 : & A]
BYUAL Fig. 19 ANSAE, FHBE 575 308 Fof g I AR FIWAL 0l auditory vesicle)7h BHH)
- = A7 H So| 24 ~ A E
& F53te] 3254007 (3.06~3.36) mm(n=30)cz Bz o (Fig. 1P). 3443 302 Foll= 28 20~21707F FAHA
T T . o o] H3 Q =7 A RF A ZF5] .
93\3'_(F1g. 1A), 1/\121. _Tﬂ /\‘“:'&75—:]_01 %%E.L(ammal pole) 5_'7;2 ——U:] }"‘]4 ‘_§]'7]' éo']]’]'—‘— —71—317]' o 037] ]—]’01’9»1‘:]'(1:1%
) ) 7} Bol LA 34~ A o}z =
2 S35 o] Hukblastodise)e BATAT (Fig. 1B). 147t Q- 47AE Folle LA 34~40717 FAEEA aref W=

504 %o HHHF°ﬂ dsto] dojut 24| E7| 5 ams}oh T (Fig.
10), 2A1ZF 58 % 4X|27]& (Fig. 1D), 2417k 258 & 8N %
71& (Fig. 1E), 2A17t 458 5 16N 27| & (Fig. 1F), 3A1Zt 5&
o 3242715 FA3HH ¥ (Fig. 1G), 3A1E 208 Fof 64
NZ715 At (Fig. 1H). ©]F 3A|7F 455 3o 1284
2715 8L, 447k 58 Fof A7) (morula, 25643
71YE (Fig. 11), 6417 3052 o]l Z8)7] (blastula) S B45+%
o} (Fig. 11). 11A1ZF $of vjgto] &8}Fo] A& (vegetal pole)
Z0 2 30%%S Fo] Fulx7| (early gastrula)oll (Fig. 1K), 204]
7F 308 5 90% o]t @ol 7] (late gastrula)o]l =25}
Th(Fig. 1L). 23A17F Fofli= Y (blastopore)7} ¥4 = A HH
Al (embryo)?] Zo] FHFH L (Fig. IM), 25417t 308 &
o= &4 (myotomes)©] 4~5717} AJ7] 1L, QF2E (optic vesicle)

(lens)7F FHAHL A% (heart)o] FAH o] FH7| Al&sIH L
o me)7} A4 AR o] ket &2 Stk (Fig. IR). 72417
Fole meE o]&ste] dahg Fal F3lety] AAEHE
T8AI7E F 50%7}, 96 A1ZF Fof| F-3}7t 2R =l Th(Fig. IS).

3. X} x|ofo| Lt

1) F7|X}017| (pre-larva stage)

23} A% A7) ol AF 6.6£0.75mm (n=10)2 FO]
OFZF SAFZ $lojA Sllem At P%—g da)R] opoky Bo
Fstant ¢ 3ol % HjZoll = A =]

7} @A Eo] AATH(Fig. 24). 1Y Fof= AA 89+0.22 mm
=102 Zo| [AE HX I d3}o] ZHEHHA Z4AE QO
o 7&A=Hu|7t FAE 7] AFSHA T (Fig. 2B). 39 59



Fig. 1. Egg development and hatching of Hemibarbus mylodon at water temperature 20 + 1°C. Time required for each developmental stage is
shown in Table 1. The bar indicates 1 mm.

L A% 07+024mmm=10)2 ol A7 RAHgon p M Yeol 4w} BAHGoH we|A 2] U7k 8~9
SALEE7} QuE AR B8 Ul 50%7H §4HY A7k AE AT} Fig. 2D). 109 Fole AF 117£029 mm
T A AT BHEUEFig. 20). 79 FoAE AF (=102 o] A FoE 2 Ra} 4717 ARetgov
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Fig. 2. Prelarva (A-E), postlarva (F-H) and juvenile (I-L) development of Hemibarbus mylodon at water temperature 20 + 1°C. The bars indicate
I mm. A: 0 day, 6.6 £0.75mm (TL); B: 1 day, 8.9 +£0.22 mm; C: 3 days, 9.7+0.24 mm; D: 7 days, 10.9+0.19 mm; E: 10 days, 11.7+0.29 mm; F:
14 days, 13.5+£0.23 mm; G: 15 days, 13.0+£0.49 mm; H: 19 days, 15.9+0.64 mm; I: 21 days, 14.8+0.45 mm; J: 30 days, 18.1 £0.61 mm; K: 50

days, 22.2+0.74 mm; L: 100 days, 34.2+2.36 mm.

ZE Ak £33 oWl ¥ Artemia sp. S 42517 A&stAT
(Fig. 2E).

2) 27|XtH 7| (post-larva stage)

B3l % 14Q0E A% 1354023 mm (n=10)2 Fgo] &
T FHo T7]7017]2 olstitt. Hal= 271E o
R SALHA] 7127t 6~7707F FAE NS mEA -
17} o @ Zebx]7] A&t (Fig. 2F). 15 Fol= A

o
O

A 13.0+£049 mm (n=10)2 FA=Fu]o} vz =& u|7} FA
7] A&Fstga ujg o] A2 v 1707 A= Aok (Fig.
2G). 199 ZFo= AF 159+0.64 mm (n=10)E SA=2u
7127} 8~97, KA =8u] 7|27} 6~77] B UL, v|H R
o A2 vk 2707F ekt th(Fig. 2H).

3) X|0{7|(juvenile stage)
B3l 3 21d9&= AR 14841045 mm (n=10)F vjR] =g
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Table 2. Comparison of early life history factors among several species that belong to genus Hemibarbus

. Spawned Egg diameter Time of hatching Hatching size  Days until post- ~ Days until juvenile
Species Reference
eggs (mean) (mean, mm) (water t.) (mean, mm)  larva(mean, mm) (mean, mm)
3,156~5.526 21~24 78h 5.6~7.6 14 days 21 days Present stud
Hemibarbus (4,309) (2.2+0.06) (20.0£1°C) 6.7) (13.5+£0.23) (14.8+£0.45) Y
mylodon 5 days 20 days Choi and
1,200~2,300 3 (16.5~18°C) 8 (14) - Baek, 1970
. . 5 day .
H. longirostris - 1.5~1.8 - 5.8 (15) - Uchida, 1939
1.6~19 195h 6.5~6.8
H. labeo (18) (12.5~18.5°C) 6.6) He et al., 1999

u)9] 7|27} 4~57 TEEHEA BE A Lu] 7|27} L2
o] XJoj7|= o]yttt (Fig. 21). 30¥ Foll= A 18.1+
0.61 mm (n=10)2 SA =g u] 7|A L} = F9, A7
o] 7| AR, e gu] 7|AR HL FH7F Y] A
25+ th (Fig. 27). 508 Fol= A& 22.240.74 mm (n= 10)
2 A=) AR HL FYrt =N eH 3 S4
< wet vhEo] A FEE 5787F g = o] FojFth(Fig. 2K).
1009 o= AR 33.0+£425mm (n=10)2 ol 1442 54
o] A= AZstg om Agju] Rrjo} A& yhEo] Kt
A g8zl ek (Fig. 2L).
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AA71EE oJEX Hemibarbus mylodon= 734 1990
) o]% f o] EIHA ol HEHE Aoew FAHHIU
T (ME, 2006; NIBR, 2011), 0|2 B-23}7] ¢Jste] A7} A
PEHA AFFA7Ieo] e 374 2 I (FHThHel
200497 E AF7HA] A &AL 2 2)0)7F REHIL UTH(ME,
2006; CHA, 2012). 3tA|RE 2]o] A4to]] AHE-E= <3t X0
L 2014 atol AHEEo] 7] ol A Hol A
&9 AAAAZY G S BAHe] AVHALE B A7

AV oIS £A% oFs) Sl ASLAN AT 45

& P 71 477 8 Lol A0 23
Ngoz Haol FEHE A GUNAL W 4R L 4
x]01 HH:J—E z-]xbg] o7z ;(]-535]041;]. E]-E]-/H _7_6 o]a—]a‘]- Hl—

W2 A5t olEAE ¢ 2 R 4 97| g o o
F 2| o] AAto] 75T &42& et o)

EX9 AT BEEYS Mo YAAFARCRE
A F QA d7E] RatEle] dyg FAstg o, Adeee
4309+1,038 (n=4)7]AT}t. Choi and Baek (1970)= o] SX]|7}
ol R AR WEY A, 42 Txdo] Bk
o] B3 & 1200~2300707F oty Husle] UIE A5}

= AL FAFAARE daof QlojA = & AolE EAirh
x S ¢ Abgto] shito) Abghgto] B Abets)
o] opiet Alekg ofel A Aol s B 2
ol V12 Telstol ARE] EoE FHEY 25
¢lo] Fasirt. Abetel Adaehd duto] grol o) 2o
A i’“’ﬂm‘:} SHARE Ao M= At THEA ¢
o Nz BAstel GUE FAH| e, Ayl o
—4 FHolL AR Al e g RE B f&of osf ¢
o] AlgbAF dto 2 QAL AS uholl 7|2 A8 3§}
= Aeg gdEn Z2 &of &8s X H. labeo} 7t
Z} H. longirostrise= R#]e} 7k vigho] 3
UL Bole AR A £ T AdFAol Zolg B
t}(Uchida, 1939; Kim 1997; He et al., 1999). <32 H| 2 &
FYstP e 7= 28+0.09mmo|L £ o]F F& FF
3Fod 3.9+0.09 mm7HA] AR= A S 2 YERY, Choi and Baek
(1970)9) Atgr ¢to] AT 27] 30~32mmETtH= & #H
°]°*E]— e £9] A= 1.5~1.8 mm (Uchida, 1939), 3
= 1.6~19(1.8)mm(He et al., 1999) &2 R E o] o]E52]9 U
7do] olg X}t & Hollrt.
ABA G BEWSe U WS AYHoE B

o g

e o

).

g 4= Qlo] Park er al. (2001)°] wet 15%2] oA EF
(Na:SOy) =80l Ho] Aelz-2 AAsIgEY, 581k Al
8 o] Wekabge by W WEY 5 otk 5 ol

WL J&do] FetAY dato] =AY A SR Zot
= S 2701} (Bagridae)U E7) 3} (Balitoridae) 52 £Eol| &
L3514 AHEE Aoz wgE

FIA TS =2 200+ 1°CO| A T8AIZF(50%)0] 42 =o]
Choi and Baek (1970)9] 16.5~18°ColA 5% (120A]7hT &
Zpol5 Hrh gutF oz po] dod RIANE LA
= AL 2 ®IE I 9o (Han and Cho, 2007; Lee et al., 2010,
2011) =& o7} 2 a3t Y9102 A7FE|L} Choi and Baek
(1970)¢] A47F AolA = 7] dEo Hest 53t
ANZFE FA57] AHR9E 7THeAE Atk E2 &9 X =



12.5~18.5°Coll A} B3}A|7ko] 195A|17F0] A QEthy B IE]
o] (He et al., 1999) =& sl gte o EX & FA| Bk
KA zro] WE R o2 A=

3259 #o] 27|= Bt 6.7 mm=E YERY Choi and
Baek (1970)2] Ha 8 mmXth A YeRgtt. o]t 2lo]
= SAA7] 9 SR Aolof o3t AR FHE =
(Choi and baek, 1972; Ko et al. 2011), £3] £3} 2]39] =}o]
£ 5°] SAZ FojA et Fol M HA7| o] £33}
T ZASA god 7] Aol HY 5 Ut 2L £ F
A= B 6.6 mm (He er al., 1999), Fatx7F B 5.8 mm
(Uchida, 1939)2 R1E 0] F2ol= GABIg o Zupxp B
o= & Holglth B3 S]] 29| oA 7= 14UE U
E}} Choi and Baek (1970)2] 2043t 2o & B Gt 23}HA]
b3t 7R R 2 29] Zjolo wE AR dEw, 54
ZHA7b 59 A- oy ® 15 o] (Uchida, 1939) & © =
Ho| et X[o7]| 29 o|FPA|7]= TAFTANA A=A &
v 27t B7FssH4th

2 o

Aol =&< FA RSN =AY APEA dAt

0]
0

S A Hemibarbus mylodon®] E-Q38H4], WAy
sty EAS H3]7] ot o A 9 27| YEA A4 E A
Aleteich. Ao A HolE AT & ARAH=E FA ARSSH
HA oF 1570 Fof ¢ - =9 Q1T A5l AFsHATt. A
e AT} 2 Ovaprim (0.5 mL/kg)& FARSH] AbgkE
Z=3tga Ao g FaAA R 4t <7 (n=30)
< 2212006 mmo|glew, H2AHS | EFF 34o|g]
o AT =2 20 1°ColA =78 5 T8A17F(50%) ko] -
fom, B3 59 Zoj= A% 6.6+0.75 mm (n=10)

Aok 23l 3 1490 AA 1354023 mm (n=10)Z 3}
7t SREY FI|RoR olgsigith. £33} £ 21U
AZ 1482045 mm (n=10)2 BE X L-gun| 7|27} A7}
Eo] ZJoj7]2 o]dstgitt. 100 Fofl AA 33.0£4.25 mm
=102 179 ddol Yetbr A &9 vkt A|F o] H
nF oot FARSEATEH 2 AtoA dolxl A & E =
71 EAL o 51 Y BAYESA SHol| =80 E A
° 2 AaET

O EX|Qf = w2l
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