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Egg Development and Early Life History of Korean Spined Loach, lksookimia koreensis
(Pisces: Cobitidae). Ko, Myeong-Hun, Sang-Yong Park and In-Chul Bang* (Department of
Life Sciences and Biotechnology, Soonchunhyang University, Asan 336-745, Korea)

In the present study, egg development and early life history of Korean spined loach,
Iksookimia koreensis, were observed. Adult fish were sampled using spoon nets in
Okgye-ri, Hoengseong-gun, Gangwon-do, Korea in July 2010. Eggs were obtained after
injecting females with Ovarprim. Eggs were then artificially fertilized in the labora-
tory using the dry method. Mature eggs were slightly adhesive and transparent with
a light yellowish color, and measured 1.40+0.04 mm (mean=+SD) in diameter. Hatching
of the embryo occurred approximately 50 h after fertilization in the water at 23°C, and
newly hatched larvae were averaged 4.7+0.21 mm in total length. 5 days after hatching,
the averaged total length of larvae was 7.1+0.25 mm and their yolk sacs had been
completely absorbed. 17 days after hatching, fish started to enter the juvenile stage
and reached 12.2+1.10 mm in total length. 80 days after hatching, the band patterns
and external form of juvenile fish were similar to those of adults, and they averaged
31.0+3.98 mm in total length.
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#2271 Iksookimia koreensis= 37} 2|74l 7=
A Add SA=]ellA 20106 74 16 —‘—DH iz
x4amm)g olg3lo] Felg AalAen, olF A
2 ubsle] 2 23+1°C2 A% - Fejsisdeh AR
AR F 442 AAEE B9 o 5 25 1kgd Ova-
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Table 1. Egg development of Iksookimia koreensis at water temperature 23°C.

Stage Elaspsed Characters Fig. 1

Zygote period

Insemination 00 h 00 min Sperm and egg are inseminated

Swelling 00 h 15 min Swelling A

Blastodisc 00 h 50 min Blastodisc B

Cell cleave period

2 cells 01 h 05 min 2 blastodisc is cleavage C

4 cells 01 h 20 min 2-2 array of blastomeres D

8 cells 01 h 35 min 2-4 array of blastomeres E

16 cells 01 h 50 min 4-4 array of blastomeres F

32 cells 02 h 10 min 4-8 array of blastomeres G

64 cells 02 h 25 min 8-8 array of blastomeres H

Morula (256 cells) 03 h 00 min 16 regular tiers of blastomeres |

Blastula 04 h 05 min Flattening produces an elliptical shape J

Gastrula period

Early gastrulation (50% epiboly) 07 h 50 min Early gastrulation K

Middle gastrulation (75% epiboly) 10 h 20 min Middle gastrulation

Late gastrulation (90% epiboly) 11 h 30 min Late gastrulation L

Embryoric period

Formation of the embryo 13 h 40 min Formation of the embryo M

3-4 myotomes 15 h 20 min 3-4 myotomes, formation of optic vesicles N

9-10 myotomes 18 h 00 min 9-10 myotomes (6]

17-18 myotomes 20 h 00 min 17-18 myotomes, formation of auditory vesicles and P
Kupffer's vesicles

28-30 myotomes 22 h 00 min 28-30 myotomes, disappear K_upf_fer’s vesic_les, 0
formation of eye lens, specialization of brain

Black pigmentation in eyes 31 h 00 min Formation of heart R

Hatching period 50 h 00 min Hatching (50%) S
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(Olympus DP72, Japan)7} 22t=l & X3 1|7 (Olympus
SZX9, Japan) d}tel|A] 8~57v]&= At FoJsldt).
Ao H3h A 5HE 13 F 1004704 7 A
T2 E 1070AE AEsE F wlFA] MS-222 (Sindel,
Canada)z ulzishe] H3 9 At A2L 243hsin
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A% FE7 Iksookimia koreensis®] A% b7
(n=6)2 A7} 102~127 mm, 47 (n=5)> A=
mmalch Akl Agake ge bl wel Ao
931, ZZ4 (n=6) 2,020+518 (1,339~2,635)7H, 74
(N=6)2 1.40+0.04 mme| )t} (Table 2).

(n=20)_°_i Y Astgiol (Fig. 1A). $4 % 508 Fo] A
A o] TEZ(animal pole)Z<o 2 Z& vyl (blastodisc,
1*41171)——5 3 A35)e] o (Fig. 1B), 24| £7)= 147} 52

al xJ|AEAL 95

ol wbol ko] dofil W4Tt (Fig. 10). 44 %
e 107 208 Fol AL Fake] PAeHT (Fig.
1D), 8H 7)1 1417k 353 Fol @& Falod (Fig,
1E), 164 27)% 1417k 503 ol AT Fd}e] 943}
ol o} (Fig. 1F). 324 £7]%= 247k 105 39| (Fig. 1G), 64
AE7)E 2417 2538 Fo PAshel o (Fig. 1H), 44
7] (morula, 256 | Z7])&= 3A17F Feof 3A3}3) 32 (Fig.
1), ol% Gde A%siel 47 5% Folz xu}7]
(blastula)E 3 A3} T} (Fig. 13). 7A17F 508 Zo=
vl 7] (gastrula)7} A= o] 2A]E-= (vegetal pole) 2o 2
7] A)zFelel o1 (Fig. 1K), ©] 3 10A]7F 208 3o 3
W F7)ell, 11A]7F 308 Fell= 90% o] /2 Hof 1wl
7)o =2aledch (Fig. 1L). 1347k 408 Fol:= A7
(blastopore)7} |2 = 22 wiA| (embryo)2] £-3o] F-Els)
Hom (Fig. 1IM), 15A]7F 208 o= A (myotomes)
o] 3~47§7F A7)aL <r= (optic vesicle)7} A= ik
(Fig. IN). 18A]7F Felli= 9~10709] -] FA=H S
w (Fig. 10), 20A]7F Felli= o] 17~187)0]x o=
(auditory vesicle)¢} Kupper's vesicleo] 3JAl=|elt} (Fig.
1P). ol mel7h Wael ) BREEA $1el7] Alze)
Qom, 22417k Foli 28~30 o] A7]T ] W=
7 AEm =7k #3er) Astsieler] Kupper's
vesicleo] Alebslet(Fig. 1Q). 31A17F Fofl = AlAfe] A
slo] 7] A=519e} (Fig. 1R). 45417 $35E 2%
o]-8-3ted et (chorion)S £ F-3lske HA7E 2
3L, 50AZE Fof] 50%7} 60A]7F ool w2 H-3}s)
ATt (Fig. 1S).
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Table 2. Characteristics of early life history index of lksookimia koreensis female at water temperature 23°C.

Total Spawned Egg Fertilization Hatching Abnormal Ear_ly

No. length eggs size (mm) rate (%) rate (%) rate (%) survival
(mm) rate (%)

1 102 1,339 1.43+0.06 99.5 38.8 30.0 68.1

2 119 2,635 1.41+0.06 99.8 42.1 7.8 92.2

3 120 2,180 1.46+0.08 99.9 18.2 235 75.9

4 122 1,927 1.35+0.05 96.6 42.4 3.1 96.9

5 123 1,536 1.37+0.06 99.4 20.0 13.2 86.8

6 127 2,501 1.40+0.05 99.2 26.8 8.1 91.9

Mean +SD 2,020+518 1.40+0.040 99.1+1.23 31.4+11.09 14.3+10.39 85.3+11.08
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Fig. 1. Egg development and hatching of Iksookimia koreensis at water temperature 23°C. Time required for each develop-
mental stage is shown in Table 1. The bar indicate 1 mm.

o)A @9k ol T dabo] glom Bel 9 24HAT v A7 AAHRT Lol FAws} A
3 S%ol] wAm2ju)sl YAHAG(Fig. 2Ly, ¥ F 1 Hlen] Sl velir) Alxkslade) (Fig. 2L,). 33 ¥
AR o] Aol HAF 57+0.14 mm (n=10)= Eo] Z7| 247 AAF 6.1+0.17 mm (n=10)& F3}to] 1/2 o]A+

HA I A7} 54e] vehston wdate] go] F4u o FEENAR AL 624 0] WA om FF| 2R =2



Fig. 2. Larva and juvenile development of Iksookimia koreensis at water temperature 23°C. The bars indicate 1 mm.
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Table 3. Comparisons of early life historical characteristics of Cobitidae in Korea and Japan.

. . Time of . . Days until
Eqgg size Fecundit Hatchin Outer gill
Species 99 stz uncity hatching . 'ng .u ol full yolk Reference
(mm) (average) size (mm) filament .
(water temp.) absorption
Iksookimia 1.3~15 1,339~2,635 50 hrs 4.6~5.0
' ' P t 5 P t stud
koreensis (1.4) (2,020) (23°C) 4.7) resen resent study
. 14~17 717~3,862 50~72 hrs 48~5.2
1.1 ’ P t 4 Ko et al., 2009
ongicorpa (15) (1,992) (23~ 25°C) (5.1) resen oetal, a
o 1.0~1.1 48 hrs 2.8~29
l. f 2 P 4 L l., 2011
pacifica (1.1) (2,968) (21~24°C) 2.9) resent eeetal., 20
Cobitis 4~6 days 5.6~5.8 Lo
15 86~ 144 P t <16 Sh tal., 1998
takatsuensis (18°C) (5.7) resen imizu et a
48 hrs Okada, 1959~ 1960;
C. biwae 1.1~1.2 500~1,000 o 4.6 Present 5~6 Saitoh and Hosoya,
(23~26°C)
1988
C. choii 1'(1521)'3 - (23?‘1 ZSC) 3.5~4.0 Present 4 Song et al., 2008
20 hrs
Misgurnus 18,000~ (28~32°C) .
1.1 3.4~43 Present 4 Uchida, 1939
anguilicaudatus 40,000 54 hrs :
(18~20°C)
. . 1.0~1.2 24 hrs 2.6~2.8 .
M. mizolepis - Present 4 Kimetal., 1987
1zolept (1.1) (25°C) 2.7) '
Koreocobitis 1.0~1.2 38 hrs
- 2.7 P t 7 S t al., 2009
naktongensis (1.2) (20°C) resen ongeta
Kichulchoia 15~19 798~901 6 days 5.1~5.9 .
P t 16 K d Lee, 1995
multifasciata (1.8) (861) (10~ 14°C) (5.4) resen < imand L-ee,
Niwaella delicata 2.7 60~120 17 days (9°C) 7.5 Absent <90 Suzuki, 1966

w)7b ol Aok (Fig. 2Ly). %3 % 3dsel= A 6.4+
0.16mm (n=10)2. LB e} W FAws} PAH
T edo] weh AolAeh (Fig. 2L). 38 F 4Qaol
A7 714026 mm (n=10)2 o] PhHE F4H
mE) A wn] 2717 dehdr) Asteigen 4w 3
o] A AHgoz Ho] (dujulo} 23} fA)F A
3115} (Fig. 2Ls).

X

v

> R

2) F717ke17]

13} % sdgox AR 7.140.25 mm (n=10)= 33}
& 2F RS oM7L Bebd oplv] 4o
Sojzket =3 o] 3ol FAFGon] x| =gy
717k vebhdr] Al Aebdet (Fig. 2Le). #-3F F 74 el
= HA 8.1+0.38mm (n=10)2. SlX|=2u] Y77} }
s mex|=gn] 7)2E 7~10707F R 4
ol ZA A=A (Fig. 2L,). 731 F 1044 el= A
A 9.2+0.49mm (n=10)2 SR =&n] Y7|7} 2~47]
et mejx| =g 7]z 12~ 157071 #2390 (Fig.

2Lg). ¥3} & 1597 ¢ AAF 11.04+1.06 mm (n=10)=
A =n] 7|27t 70 E A4 Hlok (Fig. 2L).
3) x]¢17]

B3l F 17946 AR 12.2+1.10mm (n=10)Z 3
A =2jn] 7|27t A4 (5702 el X|ei7]| 2 o] 3kg]
o =3 A S St 34 W Ee] Beo uhEE A
3}7] Azt (Fig. 2Ly). ¥-3F F 30 Foll& A%
19.3+1.24mm (n=10)2 A= Arx¢} Fo}Ho]| 7~107)
o] FA whie] Vet mj Rl FEEigt A2Ae]
RSt (Fig. 2Ly,). #3} ¥ 509 Foll= A% 23.5+2.62
mm (n=10)= AAsIH 3 vHEe] Bl FEslsoer &
Azejule] 1%, mE]x|=gud] 2&2] HHEe] vehty]
AlAFetod et (Fig. 2Ly,). 531 5 80 ¥loll&= A4 31.0+
3.98 mm (n=10)2. A|SAF¥ o] 10~127), A| &3} H
9~117)8] whge] FEHA vehtx SR =En]e} m
A zgulol] 2&9] 72 EFH7} Jelton wjF
A S mlo] Aofel AT (Fig. 2Ly3).
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Fig. 3. Early growth of Iksookimia koreensis after hatching
at water temperature 23°C Vertical lines show SD.

4. FAE Fi3E, V1Y E ZINES

2N A 6MAY £AES 3L, 78 E 274
FE2 Table 29} o] Yelyich 4 E-2 o2 99%
ooz wA vehgon, B3}-8-2 20~40%= ¥ A
skt 718 &2 AR 2 zlolE ByEd, A=
10% mlgte = whoror} 27hAE 20% ojAe = wlwA
A el 27| AEEE s 9% ojteE ¥
oror) 270 = 80% vlgke s wHA el

o )

#27) Iksookimia koreensis®] 1ihA) W %7 A&}
Ae As) A= »)3ze] 3} (Cobitidae) o] 7} v s}t
nw o3 2o (Table 3). A3/ A5ede ge

Wie) pelgdes Be nlRels) o fel faks)

Qa, F73E 1.37mm=E =7 1.5mm, C. takatsuensis

1.5mme} Bl w3 §-AFste 2} (Shimizu et al., 1998; Ko

et al., 2009a) C. biwae 1.1~1.2mm¢} n]327] 1.2 mm,
v]32g] 1.1 mm, B3R 1.1 mm, 93320 Ee 1.1

mm, E8}FE7) 1.1 mmXEclE= )3 (Uchida, 1937; Kim et

al., 1987; Saitoh and Hosoya, 1988; Song et al., 2008;

Song et al., 2009; Lee et al., 2011) =57 %2] 1.8 mm %

Niwaella delicata 2.7 mmz.t}l= 22 H o] gt} (Suzuki,

1966; Kim and Lee, 1995). =3l xatp= 2,020/ 2 A

FAH F3N 1,27170 (Kim, 1978) R} w2 Helglon,

Folr WA sadl 2 wElsl satel

b _&Jlm

SESTIVEN 9

(Ko et al., 2009a; Lee et al., 2011) C. takatsuensis¢} C.
biwae, #]| 3 Z7), $4=u]322], N. delicata®.t}= 2ol o}
(Saitoh and Hosoya, 1988; Kim and Lee, 1995; Shimizu
et al., 1998; Song et al., 2008) 7| 2] BHo}= #-& FHo|g]
o} (Uchida, 1939).

F-3HAZEE 50417 (50% HEh o= iAoz EH
2 C. biwae, BHIE7) 9} $-A}3}4 32 (Saitoh and Hosoya,
1988; Ko et al., 2009a; Lee et al., 2011) =4 I A
2], m|Fetr], d5A 2u| e nohe 21} (Uchida,
1939; Kim et al., 1987; Song et al., 2008; Song et al., 2009)
C. takatsuensis®} 44=1]3-2], N. delicata ¥ o= wzic}
(Suzuki, 1966; Kim and Lee, 1995; Shimizu et al., 1998).
w3 B3pAFo] zle] F7)E 47mmE v wE 94E)
2 C. biwae®} -§-A}5}9) T} (Saitoh and Hosoya, 1988; Ko
et al., 2009a).

nre]s} o F= A A A (external gill)7t
vehde AR S B4 Belbd, 3w B3 F1
QR 5U7A a7k AgEe] AAHSIE )7
A 247k ehdA @i o] F o] N. delicatath
o] %31 9Jc}(Suzuki, 1966) .

G o] TR gle] AR} Ao} T

209 YAz 2ol Qv FEAE ¥ F
59 we| = F4 we] EAlsh HuEN, mlwE,

u| 28], u)3tetx) e} hA 2 fAFsed o (Uchida, 1939;
Kim et al., 1987; Song et al., 2008; Ko et al., 2009a; Lee
et al., 2011) C. takatsuensis®} Q=) =Zn|32e], 4|3
2], N. delicata B.o}= w2 3 o]¢]t} (Kim and Lee, 1995;
Shimizu et al., 1998; Song et al., 2009).

® AFE FFNe 2 QBN 2 &9 9F
7} (Ko et al., 2009a) 8} R-54x] 7k3} RFAbe] =7] Fol A
ozt ApelE Bolup A2 AR EAS Bl e
3 pAEI e, 713 E, 27| AEES v|aEl B
H, AES v oy Beea 2T|AEE] W
vehta 7135 A vl ol2lg Al e
Gl o] Z ApolE Hol:dl, FENe] ARRHAIZ|Z}
Kim (1978)2 649, Kim et al. (2008)& 5~74= 1 w3}
uh gle] B Age] Ao HAA7IQl 7L AbET|E
FAE ] Fo] vl FA] k7] wWEoz IAwhd
o} 223 59rEN (Lee et al, 2011) 94 F-34A| 7k}
FEFAT T Ao W B RS E Afel=m
71| M= ApolE Hyith

Iksookimia<:2] 27|32 nj3als} o= <3} »
wale ) BRI RafAe] =7),

o|A] Cobitis&z A= FAFsIG 9} Misgurnus&2}

Ae
7 A%
_‘:_

01rl =

152 | 7h
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Koreocobitis<;, KichulchoiaZs, Niwaellad:3}= 4 —’:M/L‘r°]

=719 R, RN D FoR] 27, FFES A

FolA WA 2 Aols we

q 2

SZvel 2H Feeli FE7) Iksookimia koreensis
o WA 9 274R0E A7) Sleked 20104 7
4 U= AT ALY AN FUhE ol goied
Aol g ARske) AR Axehd) ARE A5 Qo]
= E7}el Ovaprime& FAbsled 12A17F 73 & H-5<b
shoz st Aoz QTYAA AL
Qe opte] AL W ge by
01931213:] F73L 1.40+£0.04 mmPAth & 23°CollA] &

_L4

A F 50417 ol R3lslglon, 7] A 474021
mm&ich 3} F 5470 date] v FEslem A
A 7.140.25mmz AAAstdct 33F F 179 Fol A=
Hu] 7|27} BF AP Ho] Xoj7]2 Hejzkom A
A 12.24+1.10mm= AAsksic) 13} 3 80U = Alo]
o FARE ASNE FeHE mglorm A7 31.0+3.98
mmz. AdAskgie)
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