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ABSTRACT

An artificial breeding method was carried out to investigate development of eggs and

the early life history of lksookimia longicorpa. The eggs of the female were obtained by injecting
gonadotropin (LHRH) and fertilizingby the dry method in the laboratory. The mature eggs were sepa-
rate, demersal, light yellowish, and averaged 1.53+ 0.07 mm in diameter. In water temperature of 23~
25°C, the eggs hatched in 50~ 72 hours after fertilization, and their lengths reached 5.1 +0.23 mm in
total length. On Day 4 after hatching, they averaged 7.1 +0.47 mm in total length and their yolk sacs
were completely absorbed. From 25 days after hatching, they attained a juvenile stage reaching 12.8
1 0.49 mm in total length. On the 100th dayafter hatching, their band patterns and external form were
similar to those of adults, and they averaged 38.5+2.95 mm in total length.
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]2 3} (Cobitidae) o] F+= 2 oFrloh, ofze]7te]
3P AMA Tl 164 12009F0] e e
o}#] % o} (Nalbant, 2002). ¢-g]uvlelell= 64 1650 A
51, o] = lksookimiaZ2 #|g]H o= 6F0] ¥ olx]
=3 (72 w1}, 2002). 70 Iksookimia longicorpa:
ZAGFoF 19761 7] Sol 93 AFoz WuEG o
AR F87d, eleh SelE RlEe daebda
N =X Bxsts Hog dulx gk (7] 1l 2002).
B oo gFNE AR FETF A4 AATFNA =

T 16

A
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71227 Cobotis hankugensis¢} 4~4=m]3-2] Niwaella mul-
tifasciata, & -+ =r]Z%2] Koreocobitis naktongensis »] 32}
Z] Misgurnus mizolepis, »]32] M. anguillicaudatus 6% o]
A et 53] e 715507 EAEE SellA
= o]=% 7|9le= 3= C. hankugensis-. longicorpa com-
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plex/t 28313 glom], o] 52 S53 ANl A
2] (unisexual reproduction)2- &} 2ulj A £} 3w A 7} 223}
= Zleoz ezt (Kim and Lee, 1990; Kim and Lee,
1995; Kim and L ee, 2000).

o fold 27 AAel B AFE T EHL 7
S HAMEI) BRI SARAS WL o4l

Stot (Blaxter, 1974). $-=]ue} v]Fe]3} o fF 16% 7}
Z7| &bl A3k A= w]9te] (Uchida, 1939), =42}
A (A %5, 1987), m] ] (A3} o], 1995), ml=EA
choii (% 5 2008) 5 K- ool ARt o] F-oixint.

oz e #Adt AF= = (Park and Kim, 1997), 4~
A3} 3%, Ao ==k 3 (Park and Kim, 2000; Kim et
al., 2001, Park, 2005), WA= A= (7}, 1980; 712} 17, 2005)
5o dhokat A7l AREu} QAT opEx SEAH
Z7| A&kl A3t AT o] Fof A A] ¢Sk

mEtd 2 AFelME e JdEeAe 5% 27
AL 2AMSEe] w3} o) Fo] EREH A 2
AR S o] F= C. hankugensis-l. longicorpa complex2]
A2 F el A3 7| 22ts s dast gt
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A& AL /A= 2007 69 =7t ARl A=
Hx FA 85 SR S (S 4x4mme} &
(s TXTmm)E ARkl AT AR HAF
A MAES F -4 2F A= 199 LHRH (Lu-
teinizing hormone releasing hormone) & 2.5uge FA}3143
om, 12~ 18417} o|F §I7le B ghabyow Aew
o]7)ol] 7o 2 RE] d-2 A& Ringer solutionol] 100w)
MAIA Aoz AR

FA7HE 15eme] e el #AF 4=
Aol 2F AP fx(18x12x8cm)el] &7 3097t A}
Fataom, o] F £3ej I 3 (42X 28X 25Cm) 2 £A
AH&-3hgd o) =l o)== brine shrimp (Artemia mauplii -§-23) <}
%7|A}2 (Love Larva, Japan), v A ALES AlAbe) ole} <=}
oz FFsiden, A7 F #2E 23~25°C=
Aetodet. kAT 2 Apejo] WAL AA )
74 (Nikon SMZ-U)3} tj#x|e7}eetg o] 8-3fe] Hod 9l 3t
Zapol om, £} 2ol o] Z7)= A7ERE 1070AE o
oz Mgt} ZAsta)

431911, 329

FAEI B3, 27|YEE VI8 ES ] 7P 20
o APAF 23] 2t8E AHEeli £ ES 4 5 3

A7 Bl RA B F ARSE Al Dsha A7} 34
B RS ehlgen], ¥ehee A kel
53} ASe) Wy At 27 AEES 33
F 5QA7A A R3AT A G AR AR
Wrgz Ageeleon, 719 $A76 a9 A F
A7) WA Gol AT 718 Sl W eg AL,

i,

-

o

N

FENe AT A5 A)7]Ql 646l AAE HAE
Aoz AR5 E (G 2355 A 45
N FA 2 A%53 NA (n=30)= A 96.0~150.0mm
By 1,].5]-1;1—3_7_, A 24w 14.547.59 (8.4~ 24.6)%%]
o 1,992+ 925 (717~ 3,862) 7} 1t}

ZMe ALate oo wIas
1 +0 07(14 1.7) mm (n=20)%1
wH EBS 343led 2.244+0.13mm

= %)
(=202 BRIl om] A9l ool F7ke Bel WAl

ot (Fig. 1A). &4 3 408 F ol wljut(blastodisc, 14| £7])
o] A= e (Fig. 1B), 24|27]% 1A12E Feol| wfulte
vz FAE = (Fig. 10). MM 27]= 1X7F 30% H
A&l o3 A= e (Fig. 1D), 1417 45+ Fof 84
£7)el =2s}elt} (Fig. 1E). 247 55 Zoj|= 164272
Bosle] o (Fig. 1F), 2A|7F 258-30] 324 7] 2 (Fig.
1G), 27|17k 35% Fof] 644|272 o] ok (Fig. 1H). o]
Z 3A7F 152 Fof| A7) (morula)el] =gstel e (Fig.
11), 427} Zo) =)~ (blastula) S A8k (Fig. 1J). 74]
7+ 1568 Zo] %7| Fulj7] (early gastrulation)el] =g3}e]
MRkl o] 418 (vegetd pole) %oz ¥ e o
Atk (Fig. 1K). 1247k 408 Foj|= ujnlo] F3}lo] iR
& dglom daslel sl Az Yol ekt
o} (Fig. 1L). 15417t o= 77} 2= 32 =) A] (embryo)
o) fztel FesATH(Fig. M). 17412 208 Foll= 2
2 (myotomes) o] 3~47]7} A 7] a1 k= (optic vesicle)7} 3
3= (Fig. IN), 20|17k Fel 9~107]8] 24 o] P
o] = (auditory vesicle)¢} Kupper’'s vesicleo] 3 Alx| 4]
31 (Fig. 10), 23|17k 303 Fol ZAS7} 18~ 1972 B0
wom Kuppersvesicles Algbg o} (Fig. 1P). 274) 71 3]
= 23S 29~-30 R Solwtx o] =7} A=
A 7} 25}7] Alzkeldon] mell Wdahe 2 HE Wol
v Zelxiet (Fig. 1Q). 30413t Foll = mel:= o8 2o
Ax gH el kst on] Aol 4= 9ich(Fig. 1R).
3he 44 F 50~ 72412k o] Fo] zlor] melE ol§
&}o] et (chorion)S ¥£31 ¥3}sle] o) (Fig. 1S).

N

T

4

Koje} xlofe] wet
Aois} Zo]e)

1) M7 | XA

B3} 2 Fo A7|Rle]E= A 51+0.23 (4.8~5.2) mm
(n=10)2 F3}o] el FHo=z 9glm AL FAo]
dor iz P oA sl = w2
en)7t PAF ] vehtr] AlEstdet (Fig 2Ly). H-3 ¥
147 2] #pe]= AAF 55+0.26mm (n=10)= 3] 2] +3}
o] FFoz ofFsta FHHA A skebxlar A==
PI7h W g slen] Tk ek ARl e
317 Azbstdc(Fig. 2L,). ¥3F & 2449 zlo]e= A
6.1+0.28mm (n=10)2 * %ol 332 2|4 (externa gill)
b vehda el AdEst e} 1A Wadon
R odnye] Aazs) vehgch w3 5ol ofeel 49
go] veprorn 7hgAl=2in|7t A4 ARG (Fig. 2Ly).
23l & 3989 Ajol AR} 6.7+0.23mm (n=10)= 5%
o] g7k A AREe] velkon Mixsl dxw F
Zo| AAH D mA=u] A7)7F 3~474 BRHA

A2 ()2 Fig. 33} e,



Fig. 1. The egg development and hatching of Iksookimia longicorpa at water temperature 23~ 25°C. The bar indicates 1 mm. A : Formation of
perivitelline space, 10 mins; B : Formation of blastodisc, 40mins; C: 2 cells stage, 1 hrs; D : 4 cells stage, 1 hrs. 30mins; E: 8 cells stage, 1 hrs. 45
mins; F: 16 cells stage, 2hrs. 5mins; G: 32 cells stage, 2 hrs. 25mins; H : 64 cells stage, 2 hrs. 35mins; | : Morula stage, 3hrs. 15mins; J: Blastula
stage, 4 hrs; K : Beginning of gastrulation, 7 hrs. 10 mins; L : Postgastrulation stage, 12 hrs. 40 mins; M : Formation of the embryo, 15hrs; N:3~4
myotomes stage, formation of optic vesicles, 17 hrs. 20mins; O: 9~ 10 myotomes stage, formation of auditory vesicles and Kupffer’s vesicles, 20
hrs;, P: 18~ 19 myotomes stage, disapperance of Kupffer's vesicles 23 hrs. 30 mins; Q : 29~ 30 myotomes stage, formation of eye lens,
specialization of brain, 27 hrs; R: formation of heart, 30 hrs; S: Hatching of embryo, 56 hrs.
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Fig. 2. Larva and juvenile development of Iksookimia longicorpa at water temperature 23~ 25°C. The bars indicate 1 mm. L, : Newly hatched
prelarva, 5.1 mm (in total length); L,: 1 days after hatching, 5.5mm; L: 2 days after hatching, 6.1 mm; L,-1: 3 days after hatching, 6.7 mm; L,-2: 3
days after hatching, seen from above; Ls: 4 days after hatching, 7.1 mm; L¢-1: 5 days after hatching, 7.8 mm; Lg-2: 5 days after hatching, seen
from above; L: 8 days after hatching, 8.6 mm; Lg: 10 days after hatching, 8.9mm; Ly : 15 days after hatching, 10.3mm; L,4: 20 days after hatch-

ing, 11.6 mm; L4, : 30 days after hatching, 13.1 mm; L,,: 40 days after hatching, 19.3mm; L,5: 50 days after hatching, 25.2 mm; L,,: 100 days
after hatching, 43.1 mm.



o (Fig. 2Ls1, Ly2). 33 3 4dA9) Aoj A% 7.1+
0.47 mm (n=10)= i]m_o_ e r,j Ao = A
Zobxa kel A FHEHAH A A= brine
shrimpE- A 415}7] Al X—b}‘ii‘:]r(Flg- 2Ls).

2) 27| X0

B3l 3 59 o= A7 7.8+030mm (n=10)= A=
stodom A= w-g- ztobA eprim|FA o Yolnt.
Az 2R 731 oz niyglon Sxrgn] 7|x7}
4~57] HAFPT ] JHAZE Hels AHA A
9 (Fig. 2Lgl, Lg2). 331 5 8YUA 2] Aol %A 86+
0.35mm (=102 $% o] 3% o2 Lolton] wma|x| 7
nle] 7|z27F 9~ 1077} #E= o g (Fig. 2L,). -3 % 10
AR o] xe]= AA 8.9+0.31mm(n=10)= AA3}4]
T(Fig. 2Lg), 23} & 15989 X|oj= A 10.3+0.48
mm (n=10)2 FA=gjn|7} x| =ejn] $|2 §7]57] Al
sl T B mejnl s S99 (Fig. 2Lo). 3 ¥ 209
A o] Xo]= AA 11.6+0.69mm (n=10)= A& sl 5
A=gule] 6~77/0] 7127} dEpgton meE|x| m2jne
+ 14~15749] 7]z7} vebytot (Fig. 2Ly).

3) X|0{7|

B3l & 25U 9] X|oj= AR 12.8+0.49mm (n=10)°]
Qeoen mE 2rguly 7|z47E A4 (D.iii7, A.iii5, P.
8~9,V. 7)ol =&3te] Aej7]2 Foiztet. 331 3 3044
Aol ArgulY 7xrt 2o FRazen 14.3+
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Fig. 3. Early growth of Iksookimia longicorpa after hatching at water
temperature 23~ 25°C. Vertical lines show SD.

Bt

=7 2b=JHo| LidbAH gl

4 23 =g J|MEAL 19
0.68mm (n=10) 2 AJAstAc (Fig. 2L,,). 23} & 4005 2]
o]= 15.3+1.28mm (n=10)2 AAslelon] =Ee] o}
5o 7~1079) o] vrehdr] Alssig %% 1
= Aolol = AL Fo] UEhde}(Fig. 2L o). 38 &
Fol= 182+2.14mm(n=10)2 AAsielom i}]-f‘—‘HJ—
ol F o A SA=2n|e} me|x=2v]e] FH7}
tehbr) Alabselet (Fig. 2Ly). 23t ¥ 100 Fel
3924295 mm (=102 AAstdom Az Ao A
o2} §AFst st (Fig. 2Ls).

1o to & XM ¢

J8, 3318, 27| WEE, 7138 EL Table13} 2ok 4
A %—3— 1x}ol] 98.8%, 2x}ol] 99.8% = ©l$- =A] viebdT,

42 1x}e] 85.9%, 23}ol] 92.6%= v WA A e}
Yok 27|25 1x]ol] 92.6%, 23} 98.9%= =A 1}
g, 7882 1x}ol] 0.6%, 23} 0.7%= el v
woron 7)) gy me]rt A=A AV HF7]
3ol

&

Kl

-2lue} v]ae] 3} (Cobitidae) o 7 16% 7Hd 27|14
Falell djgt A= m]FE] Misgurnus anguillicaudatus
(Uchida, 1939), m]%22}x] M. mizolepis(7) 5, 1987), =51
Z22] Niwadla multifasciata (713} ], 1995), 7] 5%7) Iksoo-
kimia choii (4 5, 2008) 5 X o] Fol| A1l o] Fo]x on,
2o A= N. delicata (Suzuki, 1966), 7] %22] (Suzuki, 1976;
Saitoh et al., 1988), Cobitis biwae (Okada, 1959~ 1960; Sai-
toh and Hosoya, 1988) C. takatsuensis (Shimizu et al., 1998)
o) AR o} Fol A o] Fof et

o]E2] ARM7|E ATEH $4w|perE 11~14, N
delicata} 1~39 =& f2o] w2 ALo| Abatel= ofFe]
¢l om (Kawanabe et al., 1989; 713} w}, 2002), &7 |.
longicorpa, n]32], n)3e}x], u| 5271, C. biwae, C. takat-
suensis 5] o] F= 20| WlaH ¥ 6~7Yol Algts}
= oz odEA gluh(Shimizu et al., 1998; 713} 1}, 2002;
217} 11, 2008). o3t AbRHA 7o) W feafol oA
7 27l 2 oddke FA H=d (Table 2), A2l

Table 1. Fertilization, hatching, early survival and abnormal larva rate of Iksookimia longicorpa at water temperature 23~25°C

Fertilization rate* Hatching rate Early surviva Abnormal larva
Exp. Number (%) rates (%) rate** (%)
1 98.8 92.6 0.6
2 99.8 98.9 0.7

* 3 hour after fertilization; ** From hatching to 5 days
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Table 2. Comparison of egg developmental characteristicsin cobitid fishesin Korea and Japan

. ' ’ Time of ; Days until
: Egg size Fecundity Hatching f Outer gill
Species : hatching : full yolk Reference
(mm) (average) size(mm) (water temp.) filament absorption
Genus I ksookimia
: 717~ 3,862 50~ 72 hrs

I. longicorpa 14~17(15) (1,992) 48~52(5.1) (23~ 25°C) Present 4 Present study

I. choii 11~13(1.2) - 35~40 24 hrs(23~25°C) Present 4 Song et al., 2008
Genus Cobitis

C. takatsuensis 15 86~ 144 56~58(5.7) 4~6days(18°C) Present <16 Shimizu et al., 1998

Okada, 1959~ 1960;
C. biwae 11~12 500~ 1,000 4.6 48 hrs(23~26°C) Present 5~6 Saitoh and Hosoya,
1988
Genus Misgurnus
- _ _ 54 hrs(18~20°C), ;

M. anguillicaudatus 11 18,000~40,000 3.4~43 20 hrs(28~ 32°C) Present 4 Uchida, 1939

M. mizolepis 10~12(11) - 2.6~28(2.7) 24 hrs(25°C) Present 4 Kimet al., 1987
Genus Niwaella

N. multifasciata 15~19(1.8) 798~901(861) 51~59(54) 6days(10~14°C) Present <16 Kim and Lee, 1995

N. delicata 2.7 60~ 120 75 17 days(9°C) Absent <90 Suzuki, 1966

Abtele 44pu) e (10~ 14°C)0 H3pA 7 6%, N.
delicata(9° C)h 17d =z vlwAd ZAglow, d3lo] FLHE=
AZt= 44m)32e] 169, N. ddicata 9092 o2 o] {9
H|3}o] wl-$- e‘ii"/‘r(SUZUkl, 1966; 713} o], 1995). AkEt7| 7k
6~743l v offell Sl = ol wlEl HIAZE
I 35 FAIRe zbel7t 9le] C.otakatsuensisy -
18°CollA F-3PA|7Ee 4~6Y, d35F5 A2 16Y0] &
a5o] vlwA ZA el (Shimizu et al., 1998). =3t
422 23~25°Co|A] C. biwaee] E3}A|71-e =t 2909l e
w, vl e} wRekR], n| 5 19 (244 7HE s 7
kAL, B AT7Ee Yle 2~3?J_(50~72*]7})i et
u]wA C. biwaeg} B]4£sqe) Wtalo] 5EE= A7t <}
N}t ml 5N, |, v EkA] = 49 o] A v|wd
ko1t C. biwaer: 5~6%o] A= <zt A epH
(Uchida, 1939; Okada, 1959~ 1960; 71 %, 1987; &+ %,
2008).

L] Aewe g xEte] RejiAgtor 4
v (R} e, 1995) ¢} u]satgl ot A ahdel v
2H2] (7 5, 1987), 1| 53570 (% 5, 2008)9= Aol Hol
o Asake] 7]+ Niwaellag:o] o {71 v as] ?_’71] =

¥4 N. ddicataz} 27mme.z 7} 7 om, 4|
27} 1.8mm= ®lw®d FA Jelge(Suzuki, 1966; 73}
o], 1995). IksookimiaZ:#} CobhitisZ2] o}F &7kel| gle]
P o] FEleo] FHEA dgront Flel| AeolE H:
9, & JdF=Zql 94=Z7)9} C. takatsuensis= 1.5mm= B]
2 7o} nlaZ7) ¢t C. biwaex W= 1.2mm= 2A
by} (Okada, 1959~ 1960; Shimizu et al., 1998; & %,
2008). Misgurnus<:-2] m]Zte] &} n]Le}x]| = 11mmi 713
z+oke} (Uchida, 1939; 71 5, 1987).

) HEA FO] Aol =7) o} WA
A Fo] 9lolE=y], oﬂEPO] 737" N. delicataz} 7.5mm
2 7} 73 (Suzuki, 1966), A<ate] 1.5~1.8mmo]ddl
ZL-9] C. takatsuensis 5.7 mm, $~=n]3-28] 5.4 mm, 2+=7|
51mmz vlwA Z).ow (o], 1995; Shimizu et al., 1998), A
Z<2to] 1.1~1.2mm= Ak Z=E41 C. biwae 4.6 mm, =]
Ie] 3.4~4.3mm, 1) 5%7) 3.5~4.0mm, n]Z22}kA] 2.7mm

B3l 5| zle]= 714 =gke}(Uchida, 1939; Suzuki,
1966; 4 5, 1987; & &, 2008). W]} o} f= 27|A}e]

wWdahA 2 g Rnre] o] Fr) o)A (external gill)7} vFeRt
o} AlElA]E EAS Bol:=d Niwaellag2] N. delicata
(Suzuki, 1966)+= 3]*]]7} veh}z] oo} g2 2o 79
Hich SE3NE B3 F 298 9]*117} veht 2% 5%
o] AFG om K3} & 5 Ao FHEHHEA AletA
v, v Fet], v s go) ok wlsedt e Bl (Uchi-
da, 1939; 7! %, 1987; 4 %, 2008).
AFA deiAl vpelnt o fel 2|4 BAE Bt
Niwaelladre] o] fi= AbshA|7]9h F-3RA12E, 8EE44)
A3 37z R Aelsk AN e 43
5744 Bglon, Misgurunug-& ¥l & 473}
FEA ] Al 278 By FI3AtE 2FE 1Y
2o} wbhde] |kssokimiag-z} Cobitisg2] o] F
o 0ol T Aolg Holx| ¢hskw Fo et
37, EERARE A, FEA T Afol=r] Fo
Aol g 2k

53] 2 ZAAAANME A759l lksookimiag-e] <
sk Cobitissre] 715%707F Aajata glen, o] &
Ak Relre ol5& 7Ie=z sh= C. hankugensis.
longicorpa complex”} =4 &8sl gl o] complex &

o
\i

e ol

1A

B
o

o orfr bt M R

his




e Ao o] PFlezA HFFEAM 553 AY
ooz olg]xl wAIA)A] (unisexual reproduction) Eo =
A 20 A 2} A7} o] EAshe, %53 A4 modes
7HIA= ez ¥ eld(Kimand Lee, 1990; ©|, 1992; 7]
7} 4} 1993; o], 1995; Kim and Lee, 1995; Kim and Lee,
2000; Saitoh et al., 2004). 2281} o}#] o]&3} o]5e] By
2 N8N 2B AFEA Ggkor], 44w
=o lelA= HEs] B AR dsket kez ol2d
AJxkel C. hankugensis-|. longicorpa complexe] AA]m =
2 A FYsim olalslr] AL & G 27
A gre) 7ro] 7]12F7M ¢} C. hankugensis—l. longicorpa
complex kel 2718 %A AT AT} S ok 3
T w3 o) FAH, A AT Fo| AaAF o]o}
¥ o= A7

o ok
R =

= Iksooklmlalongu:orpa— 20071 69l A
Tgol M Aol Wbz 27 A8}
a7oIm A9 A5 ANE LHRHE 2451902
Ao $ANR ASRe BeARe D te
ghaolglom WL F 1.53+007mmeich 4~ 23
25°ColH 474 F 50~72417k Atelo] Rstsiglon) =
71= A# 51+023mmele}. 33} F 4U7 el date] A
2+ 7.1+047mm= AAstads) 23 &
rejn] 7|27t B ApR Hef A7) &
12.8+0.49mm= AAslgie}. 23 & 100
2e)7h Hoje} fAbshelond A

ﬂaizml A%

9 Foll yHEEosh 9

38.5+2.95mm= AJAs}el )
ol g 2 3
7328, 1980. &=~} Cobitislongicorpa2] A&, A&ty w4

3k A AFEe) =, 25pp.

5 - wropd. 1987, vl e] by Aol @
222191 3h5] %), 20: 16-23.
- yHE 2005, X7}l AAlsl= g7 Iksookimia
longicorpa (Cobitidag)2] AJel]. 3ol 733 %], 17: 112-
122.

N
oo
12

N
19
>

Z1e]4= - wbEed. 1993. #FE7]4 2] Cobitis sinensis-longicorpus
complex (Pisces, Cobitidag)ol] w3+ AA1a4e] z2|3H4
AT g=zo] 73}3] %], 5: 226-234.

7)1¢) 4> - whzod, 2002, §+=2) "HlE-317]. w3}, AL, 465pp.

7o) g - o]£3). 1995, fxdem)qrz|e] 27) wbel] W3 AT
=928} 3]%], 4: 455-462.

£8k4 - 719F . o]eke . kel 2008. m)5Z7) Iksookimia
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choii (Cobitidag)2] A 2 zbe] Fef bt 3=
34-8}+3]#], 41: 104-110.

o]-23], 1995. 7]&%/14 o]F Cohitis sinensis-longicorpus com-

plex9] o Age 23 o] YA okAlel] FsE A
o stw o)) whaleke) ==, 92pp.

o] A& 1992, g=At 715570 (Cobitis) & ol f7-2] =A< A
Bl Bt A7 AR sw kel whabake) =, 103pp.
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