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Egg Development and Early Life History of the Endangered Species Gobiobotia brevibarba
{Pisces: Cyprinidae). Ko, Myeong-Hun, Sang-Yong Park, lll-Ro Lee and In-Chul Bang*
{Department of Marine Biotechnology, Soonchunhyang University, Asan 336-745, Korea)

Early life history of the endangered species Gobiobotia brevibarba was investigated
to provide baseline data for biological characteristics and restoration, Adult fish
were sampled by spoon net capture at Hongcheon-gun, Gangwon-do, Korea, in April
2010. Eggs were obtained after injection of Ovarprim and were artificially fertilized
by the dry method in the laboratory. The mature eggs were slightly adhesive and
transparent with greyish and average 1.24+0.07 mm in diameter. The hatching of
the embryos took place about 120 h after fertilization at a water temperature of 23°C.
The newly-hatched larva averaged 5.5+0.29 mm in total length. Four days after hatch-
ing, they averaged 7.4+ 0.26 mm in total length and their yolk sacs were completely
absorbed. From 15 days after hatching, they entered the juvenile stage and reached
9.9+0.72 mm in total length. One hundred days after hatching, their band patterns
and external form were similar to those of adults, and they averaged 36.0+3.11 mm
in total length.
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Gobiobotia brevibarbay $-#hv}e} 14F o8 R TR
A = o}z}e] T4 (Gobiobotia)l 4381 23 AAMA o

Seuele] geelit I5-F 6458 x sl 393
213%-0] M= Zloz dvizied, o F AASFI F
ZAste] Ra7) Bedh ol f= BE 2297] oME -
AE I963)F 3012z AAF Besly gl
=H(MOE, 2005; Kim and Park, 2007). ¢J¢}=}(Cyprinidae)
ofF FohdlErtel etzelr), fetrlolel da) A4t
T ol FE 2204 2,420% 0] MAEH, o] F mFx|o}
}(Gobioninae)= ehrlolellul 1140] AAskar e
Aew g2z glr}(Nelson, 2006). & 32q] EA}lo]

2 977, 3, 7S] BAbe] wham AR Eeol o
A F - AR AGe) MAE, FH #E 99 WA,
AN So= s AT FAEE gle] AR
2005 BE97] ofl% - AE IFo2 XAste] WA
B 58 3l3 9JvH(MOE, 2005; Kim and Park, 2007).
EAtolo] 93t JFE= A)A (Choi et al., 2001b)3 Abst
Ae)] (Choi et ol., 2001a), #3]-2A (Song and Park, 2005)
5ol slem, 278kl Y3t A= s AR
o7bA 8] Z7PGA AF7E o] Foixl ul 9levt(Shim,
1994) F7]Apo] Y Kool Hiaj A AFEA] ook
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AR 271424 ATE £ BAL P 4}
Fe] ¥R GARAL Wk ¥ o)8Ho] gom
(Blaxter, 1974), H BE$)7] o159 24l Alsjo] B
3] APV 214 R4 DTE A 2e5o) 35
3 3JTH(MOE, 2006, 2009; MLTM, 2010).
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1L Agele] g1

E4e1e] Ao =L 4R Y 23§73
7PH3% A|2010-07)3 W+ & 20104 44 BE] 69717
A AL B9 xdy ?J_“H"ﬂ/q S (- 4x4
mm)E °]43te] A £
A2 sty 2

& zH3den, o F A
¢ 93°C2 ﬂras}fﬁc}

AR ANA F A5 MAEE Fe - 4 2F A
% 1kg% Ovaprim (Syndel, Canada) 0.5 mL& Z=A}3t
5, 1247 43 Fof] 9zlS Exgbyos sl
7)o $7loHE JL S s 1000 A
AA 7AYoz AT AL 15em HEE] TS

of ¥AF $43ted AT} 27 Ape] 7|5 RGP o,

] T 2 (60X45x 45 ecm)ol] %A F7|Rbe}7) &) Aoy

E WEI G ET) B ApejRE] 23 & 30
7;};]: otem o} (brine shrimp) $-4¢ FFat5, 312

o] FHEI= W grta e} AXH S £AH o2 FFE)ed
AREBH S AR Tld 172 3kpdlglen, AL 4
&2 23°C= Fslc)

s g 2 AR Be) B3

ARRRES 237MA S ARSI oH, A%ete) F7E )

A 3005 T2 AAF e Ao ¢k 2
oj9] W 3432 s} 3-31n) 7] (Olympus SZX9, Japan) 3}
oA 8~5Tul 2] i &ell A FAsted v XD 7}v 2l (Olym-
pus DP72, Japan)2 #3slq]t}. 2o wdafre »
3t A5 B3 F 1009704 4 dAEE 7249 10
AAE AEE F a3 A MS-222 (Sindel, Canada)2. 1}
st A 5l AR AFE SA s
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1L A%AA 27 % A%ee) 4

AR A& B4 MAE 49 HE 69 F¢7t
A AAFY om, &7 (n=23)2 AA 62.0~99.1(75.5+
12.22) mm, #|& 2.7~13.3 (7.3+3.16) go|glon] 47
(n=10)-& A 65.2~85.4(71.1+6.57)mm, 3| F 4.7~8.9
(5.6+1.49) go = A2 v)43 23S nao A=t ¢
=¥ A 3o 7o, AR n=23)2 HF
7444401 (259~ 1,642)71dck. AR 65.6 mme] Al4=h
(n=30)¢] Z=7]+ 1.2440.07(1.11~1.42) mm}.

2.2 A4

SAbol9] sAehe obzte] A EAS W Ha] HAlntol
glom, £A 158 3o B-S ‘_}\‘6]-0:] 2.0£0.06 mm (n=
20002 A5 (Fig. 1A). 24 F 1AZF 3o A=
Ao} Z-E-Z(animal pole)Zo 2 E& wil(blastodisc, 1
AZ7)e Ashel o (Fig. 1B), 24 7)1 142 25%
Fofl wiulel] el dojut AT (Fig. 10). 44 %
71 1A2E 458 Fol| AT 53}"4 A3kl 32 (Fig.
1D), 84| 27| 247} 52 o 3E-e Edlo] (Fig. 1E),
16M| Z7)= 2417 258 Foll e B3t FA A
(Fig. 1F). 324 27 247} 508 ol (Fig. 1G), 644 L
713 3A17F 108 3ol 3As om (Fig. 1H), A7)
(morula, 2564 7)) 4X|7} Fo) FAIS}Y) 2 (Fig. 1D),
o] &g A&l TAIZE Folli= Enf7] (blastula)S
A8l Tk (Fig. 1d). 8AI17E 40 Foll &= 3l 7] (gastru-
la)7} A% o] 2B (vegetal pole) 202 7] A|z}s)
9o (Fig. 1K), o] & 13A]7F 308 Foll= 90% o|AH&
Ho] vl @7)e =3k (Fig. 1L). 15417 Foll =
27 (blastopore)7} #H|4}= 32 viA| (embryo)2| &3 o] F
23] 3.0 (Fig. 1M), 16417+ 308 Foj:=
tomes)e] 3~47§7} A7) ¢FE (optic vesicle)7} 3A]=
e (Fig. IN). 1847t Fell = 8~9708] - o] HAHSY
©m (Fig. 10), 24|17t Fell= ZA-o| 20~217]e)3 *
o] A=7}F AEM o] Z(auditory vesicle)?} Kupper's
vesicleo] AIE G} (Fig. 1P). o] & w7} Usloa] B
HEHA x4 e)7] ARVl o, 41X Fell= 34~40
A o] A7 Aol 7] AAHEF AL, Kupper’s vesicle
o] Ale}zlth(Fig. 1Q). 65A|17F Foll= o] HE&Moz
A= gl om, st m2ul7t HAHT] AlAetd o (Fig.
IR). 4 ¥ 100A17HRE] me]E o|-4-3led I} (chorion)

< (myo-
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Fig. 1. Egg development and hatching of Gobiobotia brevibarba at 23°C. Time required for each developmental stage is

shown in Table 1. The bar indicates 1 mm.

€ B3 235k AV BRHY T, 120417 Fof) 50%
7} 130417k Yol = & A A7 Babsledcl (Fig. 18).
3. 2oj e} x]oje] wiet

DA77}
23} 59 Adr gol S ok HelA sed

27)% A% 5.5+0.29(4.9~5.8)mm (n=10)°] g} &
FMoz ola - A dka YFe 73
o] glow] 2| FoH FHEe A =Hu]rt FAH
o}(Fig. 2Ly). 23} & 1949} =o}= A} 6.0+0.23mm
m=10)2.2 Eo] 1A=2. HZ T 7I&A=u|7}l = AE
2] 2w ojifoz Wiy om I3l FLFWAM 4
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Fig. 2. Larva and juvenile development of Gobiobotia brevibarba at 23°C. The bars indicate 1 mm. L;: Newly hatched prelarva,
5.5+0.29 mm (TL); Ly: 1 day, 6.0£0.23 mm; Lg: 2 days, 6.3+0.30 mm; L,: 3 days, 7.2:+0.18 mm; Ly: 4 days, 7.4+0.183
mm; Lg: 5 days, 7.5+£0.26 mm; L;: 7 days, 7.7+0.36 mm; Lg: 10 days, 8.5+ 0.57 mm; Ly 15 days, 9.940.72 mm; Ly, 20
days, 11.3+0.71 mam; L;: 40 days, 19.1:+1.47 mm; L, 50 days, 22.3+0.97 mm; L,3: 100 days, 31.3+3.11 mm.

Hiok (Fig. 2Ly). 23 3 247+ HA 6.3+0.30 mm Aol AAF 7.240.18 mm (n=10)2 Yz} HFo|
=102 F3}o] 1/2 o4 EFEYT | s} A =o] (YeulehE AgAlslr] AR 33
A Fo] fiEoz gupgton AE Fokd FE FHEF A2l F4EQe =3 FR-9 s FHel] ¥ =7
22 5~7/49 4% AAE T (Fig. 2Ly). 33 ¥ 3 A7t A= e S Fodol 12~157, 4 HEF

ot
.4:: o
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Table 1. Egg development of Gobiobotia brevibarba at a water temperature of 23°C.

Stage Elaspsed Characters Fig. 1

Zygote period

Insemination 00h 00 min Sperm and egg are inseminated

Swelling 00h 15 min Swelling A

Blastodisc 01h 00 min Blastodisc B
Cell cleave period

2 cells 01h 25 min 2 blastodisc is cleavage C

4 cells 01h 45min 2-2 array of blastomeres D

8 cells 02h 05 min 2-4 array of blastomeres E

16 cells 02h 25 min 4-4 array of blastomeres F

32 cells 02h 50 min 4-8 array of blastomeres G

64 cells 03h 10min 8-8 array of blastomeres H

Morula (256 cells) 04 h 00 min 16 regular tiers of blastomeres I

Blastula 07 h 00 min Flattening produces an elliptical shape J

Early gastrulation 08h 40 min Early gastrulation K

Late gastrulation 13 h 30 min Late gastrulation L
Embryoric period

Formation of the embryo 15h 00 min Formation of the embryo M

3 ~4 myotomes 16 h 30 min 3~ 4 myotomes, formation of optic vesicles N

8~9 myotomes 18 h 00 min 8~9 myotomes O

20~21 myotomes 24 h 00 min 20~ 21 myotomes, formation of auditory vesicles and P

Kupffer’s vesicles
34~ 40 myotomes 41h 00 min 34~ 40 myotomes, formation of heart, disappear Q
Kupffer’s vesicles
Black pigmentation in eyes 65h 00 min Black pigmentation in eyes, formation of pectoral fins R
Hatching 120 h 00 min Hatching S

28 3~5709 FAx7) #@H (Fig. 2Ly,

2) F7)2te]7]

B3l & 4o5ols AR 7.4+40. 26mm(n 10)= 3}

R Fslela F AAle] g8 xatge] Asot A
HARerm mezzen] 47]7F #aAE g} (Fig. 2Ly).
B3 & 5dxols HA 7.440.36mm(n=10)2 52|
2r W77 Jehdr] Aabslgd s mEAege) sz
5~6707} #AE o de) 14 A E 0 (Fig. 2L).
23t & 7d”elE= AR 7.7+£0.36 mm (n=10)% x|
o] 7|27t SR 7~8707) Jelsa melR)=jn] 7]
2% T~10747F =gl om 4o Wsly) Ajztsl
AoH(Fig. 2L)). 33} & 10UA )= A& 85+0.57mm
(m=10)2 siA=gv] B7]7} Jepgon] ma]z|=2in]
71Z2% 15~2071 7} A= 9o} (Fig. 2Ly).

3) 2j¢}7]

23} B 1595 o= AAF 9.940.72mm (n=10)2. $Ix)
reju] 7zt AeG~6/hE el Xojrle ofslyl
o =3 A5 FNEE AH A D AT HA -
u] o) 7t Augule A9 gelg o) 520 wx|
uE AL el glgl o S9do] ¢} FEAF 9o} (Fig. 2Ly).

[o

mm

209 Fofx A 1134071 mm (n=10)8 A ZuIFo|
3o} Als g on 4o A ARE NG (Fig. 2Ly). 40
Fol= A 191+147mm (n=10)2. 22 oo =3
< Hglon A& Fgo vl 23 k3 Fol el
on FAejn] 7]2He} SIxein] 7izl, me]A]ze
| 71z ZE 77 Jepel(Fig. 2Lyy). 509 5]
A 22.340.97 mm (n=10)8 FXo] 22 FAlx7)
AR B} aL B8] FEell 47]9) HbE-o|, A& ool 3~4
739 ko] Vel Slx|-gfn] 72y} vy R 213}
ubite] WJehye) 1009 Fojl= AA 31.3+3.11 mm (n=
102 A& 553 ok B2 ZAulel)] 5~6709 1t
Fol Vehton] wiz2 NS =o] Moo} §AlsIs T

o

rlr

4. 3%

REAE Aol HA 554029 mm, AF 0.0014 g
(n=10)0}89] 57 o) & FAZ) AAE ¥l 1094 A=A 8.5
+0.57 mm, A3 0.003g(n=10), 30Ye] A 15.6+0.51
mm, #3 0.020+0.004 g(n=10), 50 AR} 22.3+0.97
mm, A3 0.073+0.010g(n=10), 70Ys]:= AR} 274+
1.92mm, AF 0.17+0.033 g(n=10)0|¢] o 100l
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Fig. 3. Early growth of Gobiobotia brevibarba. Data of

total length (A) and body weight (B) after hatching

at a water temperature of 23°C. Vertical lines indi-
cate standard deviation.

A} 31.3+3.11mm, AF 0.2410.08 g (n=10)°]%]c}.
Z27] ARAPAAL y=-0.0015x2+0.4204x+4.6648 (R2=
0.9963).c 2 EPI 11 (Fig. 3A), 27 AL y=
2E - 05x%+0.0007x—0.0063 (R?=0.9893) 2.2 }ebypc}
(Fig. 3B).

) &

E4leo] Gobiobotia brevibarba 2] AFA7|= A&wtg
ZHE AE B3 FANEH 49 R 69 T
M ol A7 592 A= o] Shim(1994)2] 44
3HRE] 5%, Choi et al. (2001)2] 59 Z£XE 3
SEEEREre

Aekok (n=23)-2 744+40170 2 e} Shim (1994)9)
F7F B3] 500~T007 vl seshsd o, H4te] 37
2 1.24+£0.07 mmE. Shim (1994)¢] 1.8~2.0 mm$}l:=
Zhel & Bt Refj A otake] FE3 Algtef Y A3
9] =7)E ®lwsle] BH (Table 2), A2tofol A= Zulz}
Microphysogobio yaluansis (Baek, 1978)¢8} $-A}slv} 7+

k

N

hedy ol

P
N
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E317] Pseudopugtungia nigra (Lee et al., 2004)$} £/
7] Puntungia herzi (Lee et al., 2002) Rt} 2ol om X
Ho] Pseudorasbora parva (Han et al., 2001)8} 4]
Coreoleuciscus splendidus (Song, 1977) ¥ o} wWoky v}
732 melFA otk G o fpol MH Bl 2R 7
o2 et

WA A F W7N(SA F 65A17De B 2
ZAA A, dub oz B3 7te] ujwA Z2
o] &9l Eu}z}(Baek, 1978), 27+ 52.% Rhynchocypris
kumgangensis (Song and Choi, 1997), u]| 527 Cobitis
choii (Song et al., 2008), S Fu|32] Koreocobitis
noktongensis (Song et al., 2009), %7\ ITksookimia longi-
corpa (Ko et al., 2009) Sol|AE 23l & po] A A
gl o), B3 7ke] vlwA 71 o] {7l HEa7] (Leeet
al., 2004)8} E117] (Lee et al., 2002), 2o (Han et al.,
2001), #]2] (Song, 1977) £2] o] FolA = ¢ o 3}
B7lell wol A A vehte Aoz Bud
ole] RzpAIZk} LA #o] gl Aoz Ak

B3I 7 1204 2H(23°C)REell H-3}31ed Shim (1994)
9] 113A7H(20°C) R o7k =Flow, meffxolz
FadE AtelollME vy 29 111~114413H(Song,
19773} v)s=3}gd o} Rl FX] 164417k (Lee et al., 2008),
Z4=117] 189A17(Lee et al., 2004), E127] 186A17}(Lee
et al., 2002), 7] 183]7}(Han et al., 2001), F37]
2527 7+ (Kang et al., 2007) Rt -2t} (Table 2).

B o] xjo]=7] 55mm= Shim (1944)¢] 6.4
mme} ek7ke] Fpol2 medom = 717) (Lee ef al., 2004)
9} Z%-o) (Han et al., 2001), 412 (Song, 1977) 52} At
3o} (Table 2).

o) wE FHHE FoAR o8 A7) 49
2 veh} Shim (1994)9] 53} kel Ao]E HYle
o, fdFo) loiME B FA] (Lee et al., 2008)2} Fr5-
o] (Han et al., 2001), =317] (Kang et al., 2007)2] 34x
tl= Aol o} EnER} (Baek, 1978)79’]- E17] (Lee et al.,
2002) 8 eh= gokeh =3 A =2n] 7|27 2F A4t
N 2ol7) 29 olWAFE 1592 ek} wel Ao}
o] g2 o Fre} wf g B2 AL Bk (Table 2).

B FA ekt &3HE AREL U kT A4
EA YEAE R Aoz ez ot (Banarescu
and Nalbant, 1973; Kim et al., 2005) 27| &Ale] djs)
Ay 4% FAAT A7t AR=e] gek 54 et
g} 724 (Gobiobotia) SIFe & AFEFA EAIE
v &3l 3] G macrocephala, A5vAL G. nakdon-
gensis 30 A Aoz Y, A F v
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Table 2. Comparison of early life historical characteristics of Gobioninae species.

Egg diameter Spawned eggs Timeof Hatching size Days until Days until

Species (mm, mean) (mean) hatching (mm, mean) postlarva  juvenile Reference
11~14 259~1,624 120h 49~5.8
’ . 4 15 Present study
Gobiobotia brevibarba 1.2 (744) (12133(}31) (5.5)
1.8~2.0 500~700 (20°C) 64 5 - Shim, 1994
Microphysogobio yaluansis y 276~1,230 20h 0.7 11 31 Baek, 1978
(0.5) ? (22~25°C) ’
Pseudogobio esocinus 1'(8;02)'2 - (11(;‘%1) 3.8~55 3 42 Leeet al., 2008
. 1.9~22 1,400~1,900 189h 5.7~5.9
Pseud ’ ’ .
seudopugtungia nigra 2.2) (1,600) 19°C) 5.8) 6 44 Leeet al., 2004
. . 2.0~2.3 1,400~ 1,860 186h 59~6.3
P h ’ ’ ~ ;
untungia herzi @1 (1,640) (19°C) 6.0) 7~8 45 Lee et al., 2002
1.3~2.7 183h 45~55
P ~
seudorasbora parva (1.9) 250~420 (17.6°C) 5.2) 3 65 Han et al., 2001
Sarcocheilichthys 2.5~2.9 252h
nigripinnis morii 2.6) B as~21c) 6 3 10 Kangetal, 2007
Coreoleuciscus splendidus - 256 z 11 ; : 21 3104 C})l 5.2 - - Song, 1977

4 2 54 5ol glel Heldal AAX 54¢ slre
W AT ARG gastel BARAR 2297 opy
% 4% LIFe] 488 F28 FEoloKim et al,
2005; MOE, 2005). 3}A]%} 0|5 Z5o] 27]48rh} 2
Lol A A7 Hol ol FoiAA olek 25 o] EF
9 2714 FAk BB vE A7E AERE faBAe
WolT WENIF BUE 9 A)2A= Su Sy
gaslcin BekEn,

¥ e

Hx2)7]% EAto] Gobiobotia brevibarba] 27|
Al A3 A7 AESH B4 2 B9 rxAas
gral7] 98 20109 4Y3RE 6Y71A] AYE FHLE
AN A& NAE ARzl Y 2 2R
AR AR A5 dHH $71L Ovaprime F
A F Moz JAFpAAFY Agehe o3 4
AE W g Iddelglen, YL 1.2440.07mm
Aok 72 23°CellA 4 F 120417 Fol] Hzlslglo
o, $3} 2AF A7)l A 55+0.29 mm o} 33}
F 49Tt dEe 2R FHslgon) AR 7.440.26
mm2 AR m, 23 3 1590 AR 9.940.72
mm2 FE A =gn) 727} Aot FHo] Xo}r)a o
gt $31 F 1009 Foll= A 36.0+3.11mm=

AZHES S ¥e)7 Aole 418 2oe Bys

o] &
[=3

[

8

Mo

Baek, W.G. 1978. On the life history of Microphysogobio
yaluensis (Mori). Korean Journal of Limnology 11: 43-49.

Banarescu, P. and T.T. Nalbant. 1973. Pisces, Telelstei,
Cyprinidae (Gobioninas). Das Tierreich. Lieferung 93.
Water de Gruyter, Berlin, 304 pp.

Blexter, J.H.S. 1974. The Early Life History of Fish. Spring-
Verlag, Berlin, 765 pp.

Choi, J.S., HK. Byeon and O.K. Kwon. 2001a. Reproductive
ecology of Gobiobotia brevibarba (Cyprinidae). Korean
J. Ichthyol. 18: 123-128. (in Korean)

Choi, J.S., HK. Byeon, J.H. Park and O.K. Kwon. 2001b.
Feeding habit of Gobiobotia brevibarba (Cyprinidae)
from the Hongcheon River, Korea. Korean J. Ichthyol.
13: 230-236. (in Korean)

Han, K.H., S.H. Lee, W.I. Seo, D.J. Yoo, D.S. Jin, S.H. Oh
and C.C. Kim. 2001. The spawning behavior and early
life history of the false dace, Pseudorasbora parva. J.
Inst. Sci. Yosu Natl. Univ. 3: 67-76. (in Korean)

Kang, Y.J., H. Yang, H.H. Lee, E.H. Lee and C.H. Kim. 2007.
Characteristics on spawning-host selection and early
life history of Sarcocheilichthys nigripinis morii (Pisces,
Cyprinidae). Korean J. Environ. Biol. 25: 370-377. (in



B

7] o{F 240

40

Korean)

Kim, I.S. and J.Y. Park. 2007. Freshwater Fishes of Korea.
Kyohak Publishing, Seoul, pp. 138-143. (in Korean)
Kim, I.S., Y. Choi, C.L. Lee, Y.J. Lee, B.J. Kim and J.H. Kim.
2005. Hlustrated Book of Korean Fighes. Kyohak Pub-

lishing, Seoul, p. 117. (in Korean)

Ko, M.H., J.Y. Park and 1.8, Kim. 2009. Development of
eggs and early life history of Iksookimia longicorpa
(Pisces: Cobitidae) from Nakdong River of Korea. Korean
J. Ichthyol. 21: 15-22. (in Korean)

Lee, S.H., G.N. Oh, K.S. Kim, Y.S. Oh, KW. Kang, J.H.
Hwang, B.I. Lee, WK. Lee and K.H. Han. 2008. Emb-
ryonic and larval development of goby minnow, Pseudo-
gobio esocinus. Dev. Reprod. 12: 283-288.

Lee, 8.H., KH. Han and D.S. Hwang. 2002. The early life
history and spawning behavior of the Puntungia herzi.
J. Inst. Sci. Yosu Natl. Univ. 4: 115-126. (in Korean)

Lee, S.H., K.H. Han, 8.M. Yoon, D.S. Hwang, D.J. Yoo, C.L.
Lee, 1.S. Kim and Y.M. Son. 2004. Early life history and
spawning behavior of Pseudopuntungia nigra. Korean
J. Ichthyol. 16: 309-316.

MLTM (Ministry of Land, Transport and Maritime Affairs).
2010. Culture and Restoration of Endangered Species
in the Major Four River Drainages, Sconchunhyang
University, Asan, 489 pp. (in Korean)

MOE (Ministry of Environment). 2005. Illustrated Book of
Endangered Wild Animals and Plants in Korea. MOE,
Incheon, 247 pp. (in Korean)

MOE (Ministry of Environment). 2006. Species Conserva-
tion, Restoration and Development of Propagation Tech-
nique for the Endangered Endemic Species among the
Freshwater Fishes from Korea. Gunsan University,

Gunsan, 537 pp. {(in Korean)

9

e o

]

7| A4 g A} 143

MOE (Ministry of Environment). 2009. Development of Gen-
etic Diversity Analysis, Culture and Ecosystem Restora-
tion Techniques for Endangered Fish, Iksookimia choti.
Soonchunhyang University, Asan, 537 pp. (in Korean)

Nelson, J.8. 2006. Fishes of the World. John Wiley & Sons,
Inec., New Jersey, pp. 139-143.

Shim, J.H. 1994, Early embroynic development of Gobiobo-
tia brevibarba, Korea endemic species. Chungam Na-
tional University Master of Science Thesis, 26 pp. (in
Korean)

Song, H.B. and G.M. Park. 2005. Karyotypes of the species
of Gobiobotia (Pisces: Cyprinidae) in Korea. Korean .J.
Ichthyol. 17: 159-166.

Song, H.B. and S.S. Choi. 1997. Development of eggs and
larvae of Korean fatminnow, Moroco kumgangensis (Cyp-
rinidae). Korean Journal of Limnology 30; 67-74. (in
Korean)

Song, H.H. 1977. Studies on the spawning and early devel-
opment of Coreoleuciscus splendidus Mori. J. Sci. Edu.
Study (Jeonju University of Education) 3: 49-60. (in Kor-
ean)

Song, H.Y., H. Yang, EM. Cho, H.C. Shin and I.C. Bang.
2009. Morphological development of egg and larvae of
Koreocobitis nakiongensis (Cobitidae). Korean oJ. Ichthyol.
21: 247-252. (in Korean)

Song, H.Y., W.J. Kim, W.0O. Lee and 1.C. Bang. 2008. Mor-
phological development of egg and larvae of Iksookima
choit. Korean Journal of Limnology 41: 104-110. (in Kor-

ean)

(Manusecript received 15 February 2011,
Revision accepted 23 May 2011)



