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Morphological Development of Egg and Larvae of Hemiculter leucisculus by Kyeong-Mu Kim, Seung-Yong
Kim, Mi-Young Song and Ha-Yun Song™* (Inland Fisheries Research Institute, National Institute of Fisheries Science,

Gapyeong 12453, Republic of Korea)

ABSTRACT The egg development and early life history of Sharpbelly Hemiculter leucisculus were
investigated. For the experiments, the mature adults were collected at the Lake Yedang in Korea.
The eggs from the females were obtained by injecting 10 lU/g of human chorionic gonadotropin and
inseminated by wet method in the laboratory. The fertilized eggs were 0.97 £0.02 mm (0.9~1.0 mm
n=30) in diameter. The embryo began to hatch about 32 hrs after fertilization under water temperature
of 22+1°C. The newly-hatched larvae were 3.0+ 0.2 mm (2.6~3.4 mm, n=15) in total length, and
they haven’t Melanophore. Six days after hatching, the Preflexion larva were 5.7 £0.1 mm (5.4~5.8
mm, n=15) in total length, and they began to eat a Rotifer. 17 days after hatching, the Flexion larva
were 6.8+0.2 mm (6.5~7.0 mm, n=15) in total length, and a gas bladder develop above the intestine.
30 days after hatching, the Postflexion larva were 8.8+0.7 mm (7.9~10.3 mm, n=15) in total length,
three dorsal fin rays began to develop in the membrane fins. 50 days after hatching, the Juvenile were

20.8+0.8 mm (18.8~24.6 mm, n=15) in total length, and all their fin-rays were formed.
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S-Eute] #£Esh= Qo] (Cyprinidae) ZHE2] o (Cultri-
nae) 2|4 (Hemiculter) ©15o= AX| Hemiculter bleeker
o} X8 H. leucisculus 2%0] EX3t= A0Z HIUEQ oL
(Dai and Yang, 2003; Kim et al., 2014; Chae et al., 2019), 4]
of APl T F7 o ARg] g BRSA wato] Agit
(Uchida, 1939; Kim and Lee, 1986; Chen et al., 1998). I}# %
2= Hemiculter eigenmanni= A2 = H. leucisculus2 575
2o 2 Cho et al.(2012)T Kim ef al. (2014)2 FHOLA|
o] AAlsHe AR|4 o]F 9] 2]RF AT} mitochondria DNA
cytochrome b F%E o] &3 RAHA ST &4 240E EY

Seutete] AAlst= A2 H. leucisculusZ 2578 A

A% A9 AT (@TY), 5 & KA T ARATY),
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o] Btgsirhal wsiglon, A= R FHe FH¥ o2 H.
bleeker2} AX|8}7] W&o H. bleeker= E5319 T}

As =, =, 55, Aoty ol 27} £4 F F&o}
Aloto] A A8kl Q1o (Basilewsky, 1855; Smith ef al., 2014)
ol AB2S Teth Aojel del B2t o) -
2o MY A2 B FolAlol Il B F4 A
of o]¢Jo] B 1E|9] e (Borisova, 1972; Coad, 1981; Esmaeili
and Gholamifard, 2011; Tarkan et al., 2017; Nitta et al., 2017,
Dong et al., 2020) AN = G577 &2 GaHof o]d=
Aoz HIEYTH(Kim et al., 2011; Chae et al., 2019). $+H
A x| gidt d= A3 o]F (Huang and Zeng, 2016), A
2 2 A HIE (Wang et al., 2016), A1582 A (Chen et al.,
2017), A3} A7 (Wang et al., 2013), 4 (Yabumoto et al.,
2008)°] ¥t A7 R om, £ X2 27|AFLA|
gt A+ (Kim and Kim, 1984)= & A} 3} 2ol o] )
of thgt Y5 At M=o glof AA| 2712l it A
77} Bastart,
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A=A WAEELS ATTAS WHESH| 2o 27
o= FEo| olFe AuFolt $AF Aolo] F& FEA
U RABAS ATsE 2ol Qlold 2B ATE 98
@ 712 AF ARE 0|88 & gou], T WA Y Fo
Sofd ge UES TAFES BRANY VAL W)
£ ¢ $43 A2 E AF3h(Blexter, 1974; Balon, 1985). &
AT SeIUte) B Bao] $HF EE ofeHFOR
(Lee, 1992; Yang et al., 1997a, 1997b; Lee and Kim, 2002; Han
et al.,2009; Lee et al., 2014) EXE3}= 229 7|2 AESHE o
TR QBLAS I G WA L Ao} Py W B
of, Baol] AASHE BoolRel AAo] Wl FHE Sia BR
Yae sosta TAFTe 279BA B Eelstud 5
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B Aol AREE 229 Aol 20194 48 SHEE A4t
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AAE A 5 A3 o] A¥E3te] HCG (human chorio-
nic gonadotropin; Daesung mic robiological labs Co., Korea) &
BEES 101U/gY =2 B2 FARE |, 12417 B3 § &7
£ S Bk AT & st SR s
ot 422 W 15 cm Petri disho]l H4F $83H & 42 22+
1°CE §A5te] TSIt 2o} Aojo] A8 U F47
SE2EE AFREEH AR (200X 100 X50 mm)E %74 S5
5 (rotifer) 352 AIAFSIAAL, AHoi7L Aetol webA Artemia
sp. (brine shrimp) A1} PR} WIS &AH o7 T
shedeh. Ab% S $8} 5 45Q7HK) HY 3 0.50] HA
AR 9] 125 S5ttt
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7 o]l dghe] 28 3y-LS fx g7 (PL-B873CU,
Pixelink Co., Korea)7} 2t& 3|5 & 0|7 (SZH-10, Olympus
Co., Japan)9] 10~50 x W &2 ¥ 9 W dAE &Y%

it we

oh 44T B 44 WAL 3048 SHste] BRAE A
gergon, Axole] 27k MY RAR 154AE A
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3t & ubFHA MS-222 (MS-222, Tricaine methanesulfonate;
Sindel Co., Canada)E AR5t W] & A4E 0.1 mm &)
7HA S48 o A g 9] §-ol= Russel (1976) WL
ouf xjole] JHTAY E7)9k §olE Kim er al. (2011),
Okiyama (2014)E wet zoj7} 23} & g F4 48 A7tA|
£ dAo)7] (Yolksac larva), ¢ &5 €98 & Hadd =
I A7RAE AR} 7] (Preflexion larva), AT Z A]
Z & A=A E 57]1A+0)7] (Flexion lavar), AT 30|
97 T 7 Agu|7} Aol =GEh] A7AE F7)240]7
(Postflexion larva), & XL=gu]7} ASo] TE3t A|7]E X
o}7] (Juvenile) 2 L3} ).

229 A4Ee] Ude 0.9140.04 mm (0.8~1.0 mm, n=

Y AT RS F5dto] B35 ARt bt

o] Uyt HaE it 4 158 F Jdutal U3 Afojof ¢t

7 @40l SREQY. ST 4P EFYT Mg F=y

< g APz AT dHLe B 0.97£0.02 mm
(0.9~1.0mm, n=30)°] ¢t (Fig. 1A).

2.\t by by

28 &Iy P2 F AR FESIGoH (=, ¢,
Zuig g, FHiE A, 718 A, £3h DA 717k (Period) Al
HhA T (Stage) = Table 19 Z+Z A A8 T

1) Step I. MIZZE S (zygote)

Stage A. 4 158 & Alzdo] TEFLE SHEH= A9
AN, 4 & 3580] FshEA vligk(blastodisc)©] F
=5°l F4= Uk (Fig. 1B).

2) Step II. t&tbH (cleavage)

Stage B. 57 ¥ 50Z°] Hfj¥to] ;202 o]FEE ] 24|
712 o|¥st3ith(Fig. 1C).

Stage C. =7 ¥ 1A7F 580f 270¢] 17} ddho] X o]
4x|27]°] =53t (Fig. 1D).

Stage D. =74 A7t 208 ¥ 8A|Z7|2 o] Y33 th (Fig.
1E).

Stage E. 44 F 1417 2580l 8749) @77} 242 Bas)
o 164 27] o =3} ch(Fig. 1F).

Stage F. 4 & 1AI7F 4580 16749] &7} 22 2702 &
SE|o 32427]) 2 o] 38t (Fig. 1G).



Fig. 1. Egg development of Hemiculter leucisculus. A~H stage is views are shown during early cleavage stages. I~J stage is views are shown
during early blastula stages. K~N stage is views are shown during early gastrula stages. O~U stage is views are shown during early segmenta-
tion stages. V1~V2 The hatched larva, 34~38 hr after fertilization. Face views are shown during cleavage and blastula stage. After the gastrula

stage, the views are of the embryo’s left side. Time required for each developmental stage is shown in Table 1 (Scale bar=1.0 mm).

Stage G. 44 ¥ 2A417+& AFste] 77} Folxw zWs}
A SR = ] 64X 2719 =B Th(Fig. 1H).

3) Step IIl. ZH{EA7}H (blastula)

Stage H. =74 2A17F 302 & &19] 27|17} Zpopr|x, =7}
A2 F7¥ske] 12841 27] o] =2 sto] 4 7] (morula) 03313
t}(Fig. 11).

Stage 1. 4% 3A17F & wjute] 7pgRelsl A8 Boz o
gkstA 7120 A e o] 27| (blastula)o] =ESHHTH
(Fig. 1J).

4) Step IV. &M 0HH (gastrula)

Stage J. = T 6A|17t 4580 vljgto] o}HjF o2 A} g
Hof W] 1735 9, vjwte] 7R 7F HA}F S7kste] &
A (epiboly)©] FA =™ 30% epibolyll =&3}tH(Fig. 1K).

Stage K. %74 ¥ 8412 30%0] 7jBao] 48D Zo2 7
2=l dijgro] \3ko] 1/2& @ol 50% epibolyell FAEth
(Fig. 1L).

Stage L. =4 13A1Z7F & wjjto] d&ef 2/35 ol 70%
epiboly®l] =E3}th(Fig. 1IM).

Stage M. =7 15Xt & HFsto] wfjwto] Wdhe] g RES
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Table 1. Time required for embryonic stages of Hemiculter leucisculus at 22°C

St Elaspsed
age e — Characters Fig. 1
Hrs Min
Insemination 00 00
Zygote period Swelling 00 15 A
Blastodisc 00 35 B
2 cells 00 50 2 blastodisc is cleavage C
4 cells 01 05 2 X2 array of blastomeres D
. 8 cells 01 20 2 X 4 array of blastomeres E
Cell cleave period
16 cells 01 25 4 X 4 array of blastomeres F
32 cells 01 45 4 X 8 array of blastomeres G
64 cells 02 00 8 X 8 array of blastomeres H
. Morula 02 30 1
Blastula period
Blastula 03 05 J
Early gastrulation 08 30 50% epiboly L
Gastrula period Middle gastrulation 13 30 70% epiboly M
Late gastrulation 14 00 90% epiboly N
Formation of the embryo 15 30 O
2 myotomes P
7~9 myotomes 17 30 Formation of optic vesicles Q
Embryoric period 10~12 myotomes 18 30 R
13~14 myotomes 19 30 S
Formation of heart 24 00 T
25~29 myotomes 25 30 U
. . Hatching start 32 00 V2
Hatching period .
Hatching complete 34 00 34~44 myotomes

=] 100% epiboly®]] =23l on, U3 ¢of A7 (neural

fold)o] = U th(Fig. IN).

5) Step V. 7|28 M 11X (segmentation)

Stage N. =74 15A17F 30& & ¢ fjof A9 w4
(blastoderm)®] Fej7} ehin], 9771 23l Wikoz wmert
v o 2 w9 FHE 2E57] AlZskith(Fig. 10).

Stage O. =7 16A17F 302 3 vjA|7} Hat o=
ol 2719 A o] UrEP’”‘%(Fig 1P).

Stage P. % 17A1ZF 308 & A9 ¢t=27} FA 7] A
stglom, o] A]7] A H —97H93\E]'(F1g. 1Q).

Stage Q. 7 18AI7F 304 & A|Eo] 10~1270=2 F7F5tSL
t}(Fig. IR).

Stage R. =74 19417} 3082 & vljA| 9] oFE7} B3| A
Ho| 2 13~ 14702 27131 Th(Fig. 19).

Stage S. =7 24Xt & e A4 EE|E e, g
2ol Kupffer’s vesicle7} 3= it W& ool 4l7do] 34,

shed

Hratol what A A3 1Es7] Al&FskTh(Fig. 1T).
Stage T. =74 25A|17F 3082 § ¢rxof| ;= (lens)7F FAHEG
om, tE HROZE o|X7F FAHUT AEL 25~2971=

Z74%)9{chFig. 1U).

6) Step VI. 23t (hatching)

Stage U. =4 32412 & vjA|Y] A0 sz
Kupffer’s vesicleZ} AF2t& Tt (Fig. 1V)). o]& A7} Yk &
7] BEBE £7 235817] ARSI (Fig. 1V) 53 34417
3 50%2] NA7F Rastl o, =4 38A17F BE AHA7E F3)
£ =g

3. Xtof & x[oje| HEH LE

1) Step 1. H2kXt0{ 7] (Yolksac larva)
Stage A. §3} 2 59| 2toj= HAo] 3.0+£0.2 mm (2.6~3.4
mm, n=152 Wz G £of ol E Fsta 3o, 5A
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Fig. 2. Larva and Juvenile development of Hemiculter leucisculus. A~F stage is Yolksac larva; G stage is prelarva; H~J stage is flexion larva;

K~M stage postflexion larva; N stage juvenile (Scale bar = 1.0 mm).

Lajn], Rz =gu] 9 mejRgul= A2 AZAE o] HR=g
n)& st mejole HA=2u|eke] FA o AlZE0]
A S = Atk AL d3S 23sto] B4 Frfolglom
& AAA S EZ7F JRER] skth ASoe Ado]
gEo] glom JhAutt A A oA 34~447 (n=15)2
2tol & H It (Fig. 2A).

Stage B. 3} & 194 &o]Q] A2 4.0+0.2mm (3.6~4.2
mm, n=152 ¢o] P A ggron, JLL EE*EIZI sy
ot mEj e 73} 25| v} 7hsal AA AE I 2R =g

0] Zo] tha YolFlon, 13 A5 FEFH
WESHA W ATk Bleo] 2R A=
2 # 2t f9ES Z2A= %5‘]'

Stage C. £3} & 24A]| z}o]9] AR 4.7+£0.1 mm (4.6~4.9
mm, n=15)2 2|7} d&hof A —caﬂ‘ﬂ FES FHA =HA
o S Ee] Ee WAL YolRow, el Byl
SR =2jn|7t A 8] 2RI ghE Astto] AlgE o] ol
werely] A&t Fig. 20).

Stage D. £33} & 3UA 2] Aojo] HAL AA 53+0.1 mm



(52~55mm,n=15)2 &9 HFg e 5o SA ALz o3|
AA A= ST =9 off Yol FAEHNUL, Y FHLE F
559 Agol FAET] A&t Mg FIEe2E= RAYE 3§
B9 7kEA =2 n|7t FAE7] AlZstR e, A SRES Al
2o 2 38)o] YZol|A 12| E7HA] AR o Sz 1Y
2 7o HAstIth(Fig. 2D).

Stage E. 73} & 447 Apojo] AL 5540.1 mm (5.2~5.7
mm, n=15)2 Y& A& wgt 13~15%9] neuromasts7} &
23klch(Fig. 4). 7FEAI =207 24 435t 19 &5l
A& $ict (Fig. 2E).

Stage F. 3} & 5¢A 9] 2}o]9] A2 57402 mm (5.3~
63mm,n=152 F] 90% olto] TFE e, At =
o] &3] A HAL ¥ AT} &5 (rotifer)= A 4]3]
AlZFsElTt. mELo) kR gu] 9] Fo] Folx|il HE| R =g
u] £717} B/ 571 Al2FskTh(Fig. 2F).

2) Step II. T17|Xt0{7| (Preflexion larva)

Stage G. 73} & 64 9| Aof9] WAL 57+0.1 mm (5.4~
58 mm, n=15% dgo] &38| FFEJUL &3 (rotifer)S
s sk, 18] ol st ejulef WAk o) £
2XZ7F P4 E ATk (Fig. 26).

3) Step lll. £7|X}0{7]| (Flexion larva)

Stage H. 23} & 1744 &pofe] AA-2 6.8+0.2 mm (6.5~
70 mm, n=15)2 &3h% 9JFo| 179 F|7} ddsiglon,
A ek (notochord tip)©] A =2jn] F¢= WU &S
gt 3 AT o] Al7] Aol A Sof WEEGH
neuromasts”7} = 2] ¢Fokrh(Fig. 2H).

Stage . 73} 3 2297 o] #poi o] AL 7.14£0.1 mm (6.7~
74mm,n=15)2 o] AR Artemia sp. (brine shrimp) A
<+ AAsk7] Al&FsElT(Fig. 21).

Stage J. 3} F 2794A 9 Ao]9 AL 8.6+0.5 mm
(79~9.6mm, n=15)= ofejglo] ZA A= o] ¢lo] AA|H o
2 A& FsHA =Halen, 1719 27 22 4A AFEHA
o} mejxgju| £7]9] £371 g o] 4ol =ttt

4) Step IV. £7|X}0{7| (Postflexion larva)

Stage K. F3F & 3049} #pofo) A2 8.8+0.7 mm
(79~103 mm, n=15)2 HAUt FF A=t 5 & 9
Agu|7h Y5 Zrast SR =gu]o] FeE Holm 3~47)
9] E7)7} Wttt (Fig. 2K).

Stage L. 73} & 35449 #ojo] WAL 11.4£0.7 mm
(9.7~123 mm, n=15)2 £&|7} 2712 B3t=]7] A2t
5 29| "Aguj7} &H3] AR ey, SA=u] £7]|7t
Aol =Eetiitth 32 AR A =gulds 5~8719] £7]
7} drdsty] AjZbste] Rz =gu] o] FEjE Hol7] AlZstatt
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(Fig. 2L).

Stage M. 3} £ 4047 Aojo] AR 14.1+£0.8 mm
(128~154mm, n=15)2 S =am]7} o] Espgo
87} 2y s eeele A A ae) 27k AR AR
e, melA| ]9 SUATL Ao n, TR AR
4 mope] T2} Uyebstek (Fig. M)

5) Step V. X|0{7| (Juvenile)

Stage N. £3} & 50442 X]o]9] A% 20.8+0.8 mm
(18.8~24.6mm, n=15)2 27)¢] £ o o] 5= 1 7} 7
9] 7]% 4= D: 11, 9; A: 01, 12; V: I, 6; C. 202 A4=0]|
Lgsto] ZJoj7| 2 o| Y3tk (Fig. 2N).

3. Xtof A x[oje| dF

Aolo] 42 2EHE HAgh= A7Id R3F & 6~21¢Y
o v3 dE F5dte A7 (F3 & 1~59)8) Artemia sp.
(brine shrimp) & A 4l5H= #3F £ 24 o] 22 AAEZ &
gom, JAgtho] F3o] AR TR0}y o] wWE A7t
< Bk (Fig. 3).

o #
A Azle] st A Aofe] e 9 ey 57
AT H|w e} A 2] 27| BEA EAS
o} &2 AtollA= X 27F &3 FEX|oktol 43t o7
Fa2zt sl e, ol (Cypriniformes) =] ottt
71 EAL BESHA HEAl Fol glo] AYERT
ookt (Cyprininae) 917 5 A2|7F F2 H4sh=
Aol AA3= o] Cyprinus carpio®}t B9 Carassius
auratus H FFR|otTe} FHF 2 717H9-™ (Huang et al.,
2017) 2714EA} HlmA WEs WAl ool R miejolt
(Opsariichthynae) o159} 27| &AL §4& Bl wstgict.
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e e
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2 2
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Y, Jid
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o o @ i oo
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B> o2 qu
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AlZhH|
2

o] s} kol W) 9 4
o 2 5oh W 0|5 24T} Ralaole] AEg] F2
S gtk ol 7Y AT AR wet R4 ol (Pelagic
eggs)T HA ol (Demersal eggs) 22 FEE M (Kim ef al.,
2011), T2 Fol 7o 2 MAojgo s B wio] whet
By Ao 2 JLEETH(Yang ef al., 2000). £ ALl A]
S4olEl Azle) SReL ol Yolofzio] Lt Jojet Fol
of SR YT BARAAS) FohE Rol ERUGE S2

FHAE| FAE o] T IS AT Aoz F5EI
o2t MRS A 713 T B A AEo] AAsH=

% rlo
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Fig. 3. Growth of larvae and juveniles after hatching in day of Hemiculter leucisculus. Circles and bars represent the mean and SD (J*: Juvenile).

Table 2. Comparisons of egg developmental characteristic in Cyprinidae fishes

. Egg size Time of hatching Newly hatched Juveniles size
Species . Reference
(mm) (water temp.) larvae size (mm) (mm)

Cyprininae

Cyprinus carpio 1.75~1.89 70 h 26 mins (20.0°C) 5.23~5.38 21.8~224 Park et al., 2015

Carassius auratus 1.49~1.63 75h 10 mins (22.4°C) 4.12~4.32 13.87~16.35 Han et al., 2001
Opsariichthynae

Zacco platypus 1.73+£0.07 70h(22.0°C) 540%£0.02 16.3+0.28 Park and Han, 2017

Zacco koreanus 3.09%£0.07 68 hr (20.0~23.0°C) 103+04 2001£1.12 Leeetal., 2013

Zacco temminckii 1.92~2.20 46 hr (24.5~27.8°C) 4.90~5.28 >170 Sado and Kimura, 2002

Zacco sieboldii 1.60~1.75 46 hr (24.0~27.6°C) 35~59 >130 Sado and Kimura, 2002
Cultrinae

Hemiculter leucisculus 0.90~1.14 34h(22.0°C) 2.6~34 18.8~24.6 Present study

Sa AN +AHE ZAAZEE B3 4 glon, B3
T Apoi7t AXERE 397} 7 58S 7] A7HA
T AlEo HadkE o Q& Ao s wohd
ofofzte]] &3t QJo] AT FHL 1.75~1.89 mm, &
1.49~1.63 mmol® Tiejotaol] &3t ojfel 44 ¢
g&tu] Zacco platypus 1.73+£0.07 mm (1.68~1.78 mm,
n=30), ZAY Z. temminckii 1.92~2.20 mm, L&Eo| A2|5}=
Z. sieboldii 1.60~1.75 mm, ZZAY Z. koreanus 3.09+0.07
mm (n=10)2 &2A Ith(Han et al., 2001; Sado and Kimura,
2002; Lee et al., 2013; Park er al., 2015; Park and Han, 2017).
2 AFolA g XY AT FHEL 0.97£0.02 mm
(09~1.0 mm, n=30)2 22 YJoj&Fe| & ojFE°l HlstH]
e Aoz SRIFTHTable 2). okl glol 8k A7He 2
7] 3E&% ABETHKim and Zhang, 1994). £ AT} 4}

rE

»

[e]

=

ot @
flo rr o

gt oA A7t A E Jojotatel &3t TS F3E AJE
< " Jolje Bt =2 22.4°Co|A $A0lA 37|
75 A8 (Park ef al., 2015)E)9.01, T1Ejo}ato] &3t 7
ghu)= Hod & 22.0°CoA 70A]7 0] A8 (Park et al., 2017)
b X2o) ¢ 4 & BIHA] 34A17t0] 28 Fof ThE
Zol vlsf F£3l7} v|w A wE AIZF Woll A=A o]
9] A7) AARt Rt wEA AYPe= A= B2 A7t
W2 AJ7bo]] F3lste] z2to]o] AES Fole WA LR Z3st
of &o] 2717} 23 =4 Rilsl= 53 AolE Ytk 24
F A9 I f wjAH ] FEjA ZpoloflAl= Fol9 uliAl= ot
327+ B = A7l Zgof Kupper’s vesicleZ} B4 % 1L, 0]
Z A9 w7t oA EElEl= Al7]of Kupper’s vesicle
7} AP LW (Park et al., 2015), £019] vjA|= otx7} FA
£ Al7]9]| 3] Kupper’s vesicleZt @AE 31, o]% Qkazof =l



27} P4 == Al71ell 222]o]l Kupper’s vesicleZ} AF2HE T (Han
et al.,2001). ¥ 29| wiAE Joje} Fof Hldt Al7]
Kupper’s vesicleZ} WP A|TE QFazo]| = /o] Shu |y 1
7} Gl A 2s] E2E o] viA| &50] EEsHA A=
23} 214 @A 9 Kupper’s vesicle7} 22 E| o] X]2]+= Kupper’s
vesicleZ} 5019} Jojo] Hlsl HjwA =& WY TA oA At}
Ae Aoz SRIFQIT mmejobato]] &3 A Y 9| ¢hazof Jl
27t A= A7l AF & W A AEE 25~29707F B4
HANE FEAY I W wjA7E =27 FAE= A7)0l 34~40
7he] Aol FAd= ol (Lee er al., 2013) HHQ| oA 2o E
Hach E3F o] ERol Fa3% aQlo® gzl SAALY
Ao (Kim et al., 2011)° A= Joi2t %"01 53 A ekt 74
3, ol SALE/ AAE v Al Boddle S
57k 208 Leh) g3 ek Wop] Aslel 27e] &
B2} 28Eo] Hol7t Aok Aolzt ol % 23k Al
3~8Y A8 == o, 5oy, AEI Squalidus multimaculatus,
E317] Puntungia herzi, +&117| Pseudopungtungia nigra, T
T2 Gobiobotia macrocephala (Han et al., 2001; Lee et al.,
2002, 2004; Ko et al., 2011; Park et al., 2015; Park and Han,
2017; Song et al., 2017)& & &A I w7 Q] o] &
Aaze HA ZAE = v B} Agto] 1~292 2 r|e
27N Cobitis choii, J&TFA}F Microphysogobio yaluensis, 8%
N|Zu]3Le] Koreocobitis naktongensis~= £3} 3 2o} gttt
AolA ol ZMa27E AA 2 EE EAS 7= Jes
& A lch(Back, 1978; Song et al., 2008, 2009; Hong et al.,
2015). i]ﬂs’l 1}015 FI7HA] 344]7k0] 225w, B3} & 2}
2 A o] K3} A7to] HlwA 2 FTE

2. Z2AS | XHx|0f Al7(2f HEH HIW

ol Jojatel &3k Jojet Fold HilAtol= LJ
g Ao SMLz7 SHAE vhE 229 Tﬁ}XM
L7} WEER] grof Z}ol7} gleow, o] ¢Jojel Fofd X}Oi%
AR & A ZE th5o] SMA27F AHE X9 (Han et al.,
2001; Park et al., 2015) Xg|2] zfol= A7|=Fo 7oA 2]0}7]
A TR, 23 5 SR S LT I E o] SR
EEoA Aol BTt ol TE]otatol| &3t wjetn] K3t
Aol £33t 3 1Y ol 5 Foll 3227 2o WA (Park
and Han, 2017)¥ vbd 2]2]9] A7|zjole 5 Zof ST}
AR R] gFetet. o] % mjetn] ] Zpol= AUt I E7] A
ZslHA P FHE AS Sl SNLzTH IR o, 4%

SPRA SRS WA AR olofzl vkl el F71%
0]7] 0]F & X SMAEI} EFZF o2 W= Q) ESH
wefuj Mol FREE A7IRE FARe] SALE}

Rl2lof o Zd H AIX|of e LE 229

Z71e7] Aztetel Aoll7kA WHER BHE Bsort A
£ BaE0] 230 5 F140] Fan S
7h AR dAEglew, Xof7|7HA] vl AL puk I Eo] 2}
ol Bt B3 JLAY, ZAY Z. sieboldii®] Aol HA
20| AL H7lRol7] TR SMLE BAso]
&A= X7t (Sado and Kimura, 2002; Lee et al., 2013) X2 2] &}
£ 282 Zo] AaE FrIMol|o] TR a9 W BY
A2 z7E B E o] Rl Bt o] WA oA DA
L AN A A GO 2837 1
AEo] EEZAT 2|29 Aol —'12—7?)‘—‘?— Ag FYol 25
o SalaET wuste] ST SALAS] wEe Bt
SHA| FRE ST AR A7) T2 9]—:— B UolA A2
3 & 493 Zojofl A= AlZol| cupulae7t HHEG o F
3} % 1593} Ajojoll N 7Ha7] Aztelel 33} % 1723 Aol
o] == JHAlolA TEEA] AdTh Yol A4St R A
Pseudogobio esocinus< F3FALO1o A cupulae7} ITEEZ] OF
ARE R7|&pei7] o] % A5l 38~407H9] cupulaeZ} VFEFR S
o], F714017] ol 7Ha17] ARketel Aol] ol Fol B
= Ao 2 30| o] (Nakajima and Onikura, 2015) & o]
A P Aeish cupulac®] W Al7]% ulshAg A%t 4
GA7|oA & ZfolE Bt

2 A2 X9 Aol Yol Jojolatol &3 Yoo,
ol U nejolst olRe] AAolet BHLT BT W
Zpolg ek A 27t &3 S 7R ok (Cultrinae)ofl &
| Erythroculter erythropterus, W20 Culter brevicauda, %t
A 2 740l siget ol AAslel Ajeh AUAE 293
Ak o] o] tht 27| AL} AL7E R ER] oot F-ATA
4 QEFe Zpo|E HBHA 517 Yot % olF Foll
27484 @77} 2T Aoz BT

Jloi' Qe

o OF
0 =

H A 2o ditS o) AASt= Hemiculter leucisculus®)
Z714gAto]| diste] Atstitt. Ad<E Zlojo] HCG (human
chorionic gonadotropin)E 10 IU/g®] =2 FASIY 1247
T Ao Susgon, 44Ue SR AT S5
grt. AT BEY R 299 FYRAROR U7
£ 0.97+0.02 mm (0.9~1.0 mm, n=30)0] ik, 2HTL 2
22£1°Co|A 7 3247 & A 50%7F s $=6t
Fon, Holzlo]o] HAL 3.0+0.2 mm (2.6~3.4 mm, n=15)
Z QPN TR 23} 6Y T Aol 5.7£0.1 mm
(54~58mm, n=15)2 47} o] e ZEHE 45}
o] A7|&oi7| 2 o]yttt K3t 178 F o= 6.8+0.2mm
(6.5~70mm, n=15)2 FHAGto| FIFE o] F7|Ro]7|2 9]

Jo



230 ZHS. Y58 -B0/Y-

op
HO

af

sk, 23} 302 ¥ 8.8+0.7mm (7.9~103 mm, n=15)=
AL 71271 BEsh] ARsigon], A 23] ¢
25 o] Z7)x}o)7|2 o3} 23} 502 F 20.8+0.8 mm
(18.8~24.6mm, n=15)2 BE A gJu]e] 7|27} Fs=o £
3kl 2]o}7]2 olat3ic.
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