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Reproductive Ecology of the Pale Chub, Zacco platypus
in a Tributary to the Han River

Hyun-Min Baek, Ho-Bok Song'* and Dong-Hyun Cho*

Ecosystem Survey Team, National Institute of Environmental Research, Incheon 404-708 Korea

!Division of Life Sciences, College of Natural Sciences, Kangwon National University,
Chunchon 200-701, Korea

We researched the reproductive ecology of pale chub, Zacco platypus that inhabits Gajeong-
cheon and Wonju-cheon that are a tributary to the Han river. The nuptial organ was formed on
the head part, the anal fin and the tail part in male, the change of nuptial color was
outstanding. By their changing body shape, the anal fin was extended and body depth came to
be high during the spawning season in both sexes. Territorial male of defending behavior were
head butting, rotated fighting, parallel swimming, biting and expelling. After pale chub located
himself from the upper of the female that was approached to the side parallelling with the
female, male and female spawned digging sand with their anal fin by vibrating and any
parental care of the eggs was not taken. The spawning interval and lasting time were relevant

to individuals density of spawning ground.
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°J©13} (Cyprinidae) ¥|2}u]<: (Zacco) o F+= 43 H
SR F3, 3T, Q& Yot SAo] Exd= o=
oA glom (ANH, 1939; Wu, 1964; Hit, 1969; 7] =
2005), $-vetell= I Ehn] (Z. platypus), ZAY (Z
temminckii), 274 (Z. koreanus) 5 3Fo] A5}l
(A =, 2005; Kim et al., 2005), o] & Z. platypus:= =
Well M Mz Fdue shiel Exshe Hlow o
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s 57, Adle] Hele] FesiodT AFEREA AT
£, 1984; ¢Fz} w1, 1989; W, 1991; 9wz} < 1991a, b, |l
I} oF, 1993), I3 KA (X, 1985), 3t7F5A o A2
Zaccod o] Fo] Bx W A Z¥ (&, 1991), Z.
platypus®] t=ape} Az} Adel| 3 AT (A, 1995; =,
1996), Z. platypuse] &3 AAF (& 5, 1999), Zaccod:
o] 72 A2 Algkecl (&, 2001), Z. platypus®] Y2}t
71#A 2] F2 (4], 2004), Z. platypus®] A3} el
ZA 3 AT (f, 2005) Fo] glom, dfel AMAFh=
Z. platypusell ©j8t e3-2= Nakamura (1952)7} £ =,
AR, AN, Ak, 27105, A Bl B8 AT
2k it (1969)°] Z. platypus®] RHA <l Aol =3}
of 3a up} giek,

Z. platypus= &7el =3 WA ‘;‘ Mg el 7ste
el 7 AN $AFe
o Ha A AT wE
Z. platypus®] Qe A 79
e oA, B W ARE $AE 24} D78
Aes 7z A5z F45TA Ssieh
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B o2 9sled 20049 12U HE 20064 5Y] 2
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32'4", E 1 127°19'5")3} 7= IFA] B dFA
(N:37°23'1", E : 127°57'3")o| A} A}, A 75450}
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Arbol Felsis AAS ANs A5EE telur)
A AT QFA AR A B (FE 5x5mm)
2 Z) (AE 2x2mm)E st RS AlHE
B3t & Vernier caliper (/100 mm)3- o] £-3}o] #A}
(total length)3} A7 (body length)2- 0.01 mm7lA] A&
3FAaL, A% (body weight)2 kA &8 ]3] 0.01
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Fig. 1. Diagrammatic illustration showing the measuring
methods of Zacco platypus. A-E: Total length, A-D:
Body length, A-C: Predorsal length, A-B: Head
length, A-I: Preanal length, F-G: Caudal peduncle
depth, H-D: Caudal peduncle length, H-I: Length
of anal fin base, J-K: Pelvic fin length, L-M:
Pectoral fin length, N-O: Body depth, P: Dorsal fin
length, Q: Anal fin length.

1 AR = A
Z1 (n=28)& HAto =
ZF ZF A L] Aol
et oA ARAL ttestslgon, BE EA =
Systat V. 102 ©]&3}4it}. 313 el= Vernier caliper
(1/100 mm)E A4-3te] EA 3k, Fig. 13 Zo] AR+
(total length; AE), A%} (body length; AD)el] =3t A1
(body depth; NO), =7} (head length; AB), S-*] =&1] 7]
A= (predorsal length; AC), 1A =2n] 7|- Az
(preanal length; Al), ]33} (caudal peduncle length;
DH), 1] 37 (caudal peduncle depth; FG), SIX|=&n] Z
o] (anal fin length; Q), Sl =&n] 7]*Z o] (length of
anal fin base; HI), Wi X]=2]u] Z o] (pelvic fin length;
JK), SX=2n] Z o] (dosal fin length; P), 7}&*] =2 n|
2] 7 o] (pectoral fin length; LM)2] W Bn]Z L3}9ic).

3) Atebr] A8 ws}

Abgk7]e] Ad H3EE w|wshr] $)s] Al=lr]el 2005
W 6 (d7l=40m}e], 4=71=28v}2])2} w|AkEk7]<l 2004
o129l A S A (A =21mtE], $F=20m}
) dAtoz <% = Vernier caliper (1/100 mm)
£ o]g3le] A=3 F njalEltr] e} Al=br] A2 z)e]
Aol A3 )AL t-testz HA 3T
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R84

A3} 34

Z. platypus®] AWM 3}= vjAl=r] $7]
wjre)= enl Fule oy, .1;1]‘_
<} Foll= F2 ukEe] ldAIRE Ak
Zeol] gFA o] v S Aelx Z-2A e 7}77} AA 2
W, F5ol, op7hn] G ko] wE] A= HubH o
AA Wt A =)ot six] =2n], w2l
of7tu|gif o] SRR ZA ol F vl K9l
olglom, mjy el gFat Sz ejn]e] A=
o] whie] viehget. AR A2 Ao =
WH3b7h Aol §ld=t (Fig. 2).

4 (nuptial organ)> 49458 Jehtr] Ajzbste] Al
712l 6ol A2 W3] 52l 8Y7HA| FA
Heprt 99 o] Foll= A EH T FAALX HEdlA 5
of, I4EF & Atel, & eprhm] BN offell = wlw
A 2 E7] Bk 340 ke dAEHAeH, &
FH I oy el 22 Er|meke] FA o] vl
FF3] widEe] sl A =2jn]e] 71A sk R
Foll 2h2 E71 ko] FA o] FAE 1, SIF| =en]ate]
Hjakgt7)el wsted wlg- s om, ] ol
= A3} Heol sl (Fig. 3).
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AF719) <k, el Yepds Aol kel =
ALgY Az A=by] $71e AAbeo] 78.32~117.31 mm
(mean+SD=100.69+10.67), }#l o] 62.21~108.07 mm
(mean+SD=83.72+10.84)2 $72] Alo]=7} ¥ &
7oz el A& "3t F3F(df=60.9, p<0.001),
A =2w| 7147 (df=64.4, p<0.001), TA| =2n| 2
o] (df=38.4, p<0.001), 1A =n] 7] A= (df=65.5,
p<0.001), SIA|=2jn] Z o] (df=43.5, p<0.001), S A=
Hu| 1A A o] (df=42.7, p<0.001), 7k&A] =2ln] Ao
(df=58.2, p<0.001), WA ==n] Zo] (df=46.1, p<
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Fig. 2. Changes of body color in pale chub, Zacco platypus
in Gajung-cheon, Korea. A: December, 2004 (Non-
spawning season), B: May, 2005 (Just before of
spawning season), C: June, 2005 (spawning sea-

son).
e
_____ e r il
e - =
i : F"u;
. ] __—:L
el L ! i e
— = §
. - IR
. 5 o, 10 mm

Fig. 3. Morphology and distribution of the nuptial organ
in pale chub, Zacco platypus. position of nuptial
organ (>).

0.001), v A (df=62.6, p<0.001)] WEu|7} <F, 43¢
ol 23t Aol7} glslert Aol wdF w]H (df=
59.4, p=0.259)¢} A| 1 (df=62.7, p=0.753)= =}e]7} ¢}
ol (Table 1).
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Table 1. Comparison of biometric characters between
male and female of pale chub, Zacco platypus
during the spawning season

O

=58

=

Table 3. Comparison on biometric characters between
non-spawning and spawning season female
specimen of pale chub, Zacco platypus by t-test

Biometric Mean £ SD (mm) df b Biometric Mean £ SD (mm) df b

character pemale(n=40) Male (n=28) character* Nss(n=21)  SS(n=40)

AD 83.72+10.84 100.69+10.67 - - AB/AD (%) 22.218+2.110 20.940+3.168 55.5 0.065

AB/AD (%) 20.940+3.168 24.065+2.936 60.9 0.001< AC/AD (%) 49.424+0.991 50.170+2.052 58.7 0.061

AC/AD (%) 50.170+2.052 48.696+1.212 64.4 0.001< P/AD (%) 18.808+0.996 18.780+1.113 44.9 0.920

P/AD (%) 18.780+1.113 21.789+2.032 38.4 0.001< Al/AD (%) 67.388+1.222 69.935+2.766 57.8 0.001<

Al/AD (%) 69.935+2.766 66.324+1.754 65.5 0.001< Q/AD (%) 24.020+3.906 29.943+3.110 33.6 0.001<

Q/AD (%) 29.943+3.110 35.561+4.665 43.5 0.001< HI/AD (%) 13.338+1.060 13.567+0.935 36.6 0.410

HI/AD (%) 13.567+0.935 17.683+1.441 42.7 0.001< LM/AD (%) 19.527+0.926 18.548+1.084 46.7 0.001<

LM/AD (%) 18.548+1.084 22.797+1.085 58.2 0.001< JK/AD (%) 14.135+0.721 13.702+0.703 39.9 0.030

JK/AD (%) 13.702+0.703 16.879+0.971 46.1 0.001< DH/AD (%) 21.215+1.235 21.215+1.692 52.6 0.001<

DH/AD (%) 18.399+1.692 20.319+1.484 62.6 0.001< FG/AD (%) 8.754+0.357 9.337+0.539 55.6 0.001<

FG/AD (%) 9.337+£0.539 9.188+0.522 59.4 0.259 NOJ/AD (%) 19.578+0.692 24.947+2.216 51.4 0.001<

NO/AD (%) 24.947+2.216 24.815+1.201 62.7 0.753 *Abbreviations: See table 1.

Abbreviations, AD: Body length, AB: head length, AC: predorsal

length, P: dosal fin length, Al: preanal length, Q: anal fin length,

HI: anal fin base length, LM: pectoral fin length, JK: pelvic fin

length, HD: caudal pgdu’ncle Ieﬂgth, FG: caudgl p’eduncrie depth, %3z (df=44.9, p=0.920), ol tEA=ue AA

NO: body depth. o] thElF whE-g-3 1.0%, wiX]-Hu]E 0.4%H HolA
FF AA Wske] ool dEshont AlEt]e] SIA -

Table 2. Comparison on biometric characters between

gule] ol Aol g WMEEE 46% ZoiA
(df=45.3, p<0.001), A = 4.3% (df=39.1, p<0.001) =

non-spawning and spawning season male speci-
men of pale chub, Zacco platypus by t-test

Biometric
character*

Mean = SD (mm)

NSS (n=20)

SS(n=28)

df

ABJ/AD (%)
ACIAD (%)
PIAD (%)
AI/AD (%)
QIAD (%)
HI/AD (%)
LM/AD (%)
JKI/AD (%)
DH/AD (%)
FG/AD (%)
NOJ/AD (%)

25.998 +3.236
49.048+0.770
19.127+0.948
66.589+1.178
30.903+3.737
13.877+0.917
21.369+1.137
15.047+£0.781
21.562+1.176

8.939+0.589
20.573+1.298

24.065+2.936
24.065+2.936
21.789+2.032
66.324+1.754
35.561+4.665
17.683+£1.441
22.797+1.085
16.879+£0.971
20.319+1.484

9.188+0.522
24.815+1.201

38.5
455
40.6
45.9
45.3
455
39.9
45.3
45.4
37.9
39.1

0.040
0.226
0.001<
0.533
0.001<
0.001<
0.001<
0.001<
0.002
0.139
0.001<

*Abbreviations: See table 1.

weh vlakt] el 124
20.6%cl 4] AFEt7]Q] 6ol 24.8%2 4.2% A= o}
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Z. platypus: 3sHite] F= welal 3ol

FRE AL

T Foll =7t 2™ 33
Ao s o] gyl %Tﬂdoﬂﬂ Z. platypus®] Ak

Al 5~31cm, B 21.8+7.9cmo]gl o, §

0.52~20 cm/sec H]d] FHFEEL 7.4+8.4cmlsec
Qe AN AL 44 5-1550me] W Slol
AR, HF 7.7+x3.1cme]glon, 452 0~10.2
cm/sec Hd-‘%]Oﬂ HFG<ELS 3.3+3.7 cmisec o] (Fig.
4). Z. platypusi= ARbH oz B2 FFe] ol 4]
o) WA grom, s wigte] Tz mael T& A

Wez o435t
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Abgbol| Fedsl= Z. platypuse] AB)= 7P A A oF

ARR7lel 47% A= AAX e AY WIE BYd(df=
45.3, p<0.001). AF=t7] $=719] Aol Wit 5 =2fn]
Z ol u|AkE 7o B]3le] 2.6%, 7}EA] Eln]E 1.4%,
A= u s 1.8% H= ZHojx I =zjn|e] n]3}e]
meFaiA| Rl Aubg oz o] Fut (Table 2). 712 Akt
719} vAkR7o| SR =2n] Aol 23 ztel7} ¢}

& 22nte], 7o) omle]z Mlge] 2.3:10]90 %, A5
Rl A 9 46, $70] 33}e)=, ohael wlgel
1.4:12 F 34 25 o179 v o] £AART =9t

9) Aol eIt A =7

Abebel] FoJsl= /fAL] =72 AV AF ZFRA
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Fig. 4. Water depth and velocity of the spawning ground in pale chub, Zacco platypus at Gajung-cheon, Korea.

ol A Z. platypus 712 A2 107.2~140.7 mm (F o A
7 128.4+11.29 mm)H 9o, bS] A W=
87.6~128.8 mm (H AA 107.6+9.36 mm)o| it ¢
FAHe A Alghel] Fedt= 719 AA> 95.1~133.1

mm (7 A7 118.0+11.8 mm)H o, izle] A
2} W)= 759~129.7mm (3 A& 93.84+12.23mm)

74 AN A Abrsl= Z. platypus WA 7} ©] 2 Ao
vebdet (Fig. 5). whebA] 7HA Al M= AAe] &
107 mm, 47L& 87 mmo]Al, YFEAHAME= &7
mm, QS 75mm o] Fe] A7} Abekel Feds)

32 rlo wb |

2§ o fu fu

3) Atgte)] Fosl= AA L AKE

ZFA Ao A Alehe] #FHedsl Z. platypus®] ¢ GSI=
4.20~12.759 31, I F GSI+= 8.331+2.669= }E}} O
>712] GSI: 0.04~0.65, HF GSI= 0.2940.1750]|3]
ot AFAHME b5l GSIE 2.89~13.930]%0 3,
GSI: 8.89+3.7032 Lheliton], 579 GSI: 0.14~
0.81, JF GSI= 051+0.1760|%lc}. 7P A7 A=
oA Algtell Fedshi= Z. platypus 7€) GSIE F-AFsH
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Fig. 5. Body size of the pale chub, Zacco platypus that
participate in spawning in Gajung-cheon and
Wonjoo-cheon, Korea.
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Fig. 6.

Body length (mm)

GSI of the pale chub, Zacco platypus that partic-
ipate in spawning in Gajung-cheon and Wonjoo-
cheon, Korea.

=EH

4) AHd 34 % BojPF

P el Bz & el A7 F 40~50cme]
AFAE F4T F A" W= Adske 98 20
A&z AHA ol Pge spHA Ak Z.

platypus®] A=A ule] g ZA wxpL (head
butting; Fig. 7-A), £Z3}7] (expelling; Fig. 7-B), Eo]&
7] (biting; Fig. 7-C), H & 3}A sl PXw A #-9-7] (paral-
lel swimming; Fig. 7-D), 3]Ax}-$- (rotated fighting; Fig.
76) 5 2 571 o= vehid welde 2 29
g, F A A GAHA A7) 5 L] Z27]7) 6]
Aol MAsRe AE Agolm, AU 2 Hel
2 AR 2717} Homd gl Ae) dolrA] b, 9]
P} Bofo] AH A vhoz Zolglvt(Fig. 7).

5) Atetalg
Z. platypus 471

1:0

=3}

o,

34 wiete] F2 w2 o] Fo
P4 57
£ F7el AHE =z Eejew
R

AL

FRE 7H3len,

2 Fol AYAE A AGDE
(territorial male)-2-
AE4Y vltoz Eol= ut
Aot A Algte] st
Ao gAolA em

o x] A:ZJ o B]-_a_—g],

[e]
%7

ojtizh=

Fig. 7. Territory defending behavior in male of pale chub, Zacco platypus. A: head butting, B: expelling, C: biting, D

parallel swimming, E: rotated fighting.
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Fig. 8. Diagramatic drawing of spawning behavior in pale chub, Zacco platypus. Picture A~E arranged by the order of
spawning acts. Picture F was lateral view in spawning acts.

AR A EAL AR
F99) 7E ARV
o) Aol §173he7k (Fig. 8-A, B) &
Ag A F At Alzrs}aiu}mg 8 ) o
| 92 W= 918 AAs] 98 Ae T2
) 2712 shodch kel AwA B D7) A7)

=
o gohd

2
1o

17

® 2-3z % 4ol Delc} (Fig. 8-D) olv) Bol
A FolAw, S = Heie), go) WAo] WY 3
%1

o FalHA BEx maE|l vl Wsko g 3olx| 1
A =gz vlghe s} xwHA] AL
ARF = —,—Hﬂoﬂ 9lel e s €)
°ﬂ E_;,q = M—L- %
Afelel 7o) 5o
de 7= s AR AE %é/‘jf& S
o] S faldte /\‘}?ﬂ-'&]-l:_— oJmcix o] A
el (polygyny) 2 epd o, Alst ¥ of B3 3}
A ekglth AR o=z ALy o}y 7|7 AFAY GA
AEAE YA S350l A= E vl$A,
7)) Eoi7} Abetel= A2 (sneaking) &

3}l (Fig. 8-E, F).
A7z 47 (satel-

AE AR 2T 5
P

6) AFhzHA B 2 &A%
7P AFANA 7 2 Alsbe] Ehie] e A|=

204 $] AL AT A &AZe Hsted wele ¥

Table 4. Spawning intervals and lasting time of pale
chub, Zacco platypus in Gajung-cheon and
Wonjoo-cheon, Korea

Gajung-cheon Wonju-cheon
Spawning time asting time | Spawning time lasting time
(min: sec) (sec) (min: sec) (sec)
2:37 6.5 4:35 6.46
7:05 9.3 6:03 5.28
8:00 4.0 7:32 1.07
10:22 8.0 8:01 1.12
11:01 9.7 8:21 6.75
11:51 5.8 9:13 2.03
15:38 6.2 12:58 1.31
16:39 4.2 15:04 10.1
17:43 4.3 16:12 3.97
18:11 2.6 16:26 3.64
19:58 8.3 17:28 5.31
17:41 8.12
19:18 5.40
Mean interval Mean+SD | Mean interval Mean+SD
2:14 6.3+2.3 1:51 47+2.8

Total time of observation=20 min. Total individuals number=31,
Sex ratio (M : F)=1:2.3 in Gajung-cheon. Total individuals
number=79, Sex ratio (M : F)=1:1.4 in Wonju-cheon.

Mg A3} 7P 2087 113]2] AR S sl 2
B 1422 AR A4S vesie 95 = 133]
o] AR ES slgdeon 1% 51%0] AR 4L el
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Wi = ‘34_7] AlRHetA kg g AEAIZEE 7F
Aol 2 2] W92 Hd 63% %l 9FA
HNE 1.07~101%2 HF 4722 Jepdoh ovyu
7ol Akl 7lel=x o] A9 gldledt 5

A Abbel 712 $710] ARRE A4 7kl 7W =y
& A fQlodlar Al A& Alzke] FokxE
el Hlek Fe) o AR e v 4
= Atels 8x ol AR A&HAZE £ skl

(Table 4).

.6~
1.07

=2

o =

e
o

a #

Abtell o3z Z. platypus®] 7] $7lo] K
o A, ol dRHA] Akt 3E (polygynous
mating system)ol| A} &3] vehts 2134 A3 A3
o] 9l&= Aoz wW ¥ g e (Trivers, 1985; Andersson,
1994), A|gtEl 429 & AA|3H] $& AL o
A% A AL sloF 3, ArAAHedA] dubH
o2 sl FHom 53 Z 7l Asshe 7%
o] 9l Zleo=z UdHA i} (Parker, 1992; Andersson,
1994). Z. platypus = dFopA o] AP E Hsta 1
AN FH AT S s AAS = AlA
o @7} dREY FFle] o Z o|F-F o] 23}
A olgoz ART £ gloh

Z. platypus 571> Algt7]e] &
3, FAE mEREY SR l
ehdet A7) o] EQIAE 7 7k A
fFelate dgs 3, FAHLS A4l
ol g2 A AMA L] Aot A AT
¥ o]g¥7= g (W %, 2006). Ao Z.
platypus 71| Sz =2ju]9] Zo] Wzl Abets} QA%
gted & o wj9 Fo3 A ou|E A gl v
Ab7)ol w)sle] 243}t o] FEA| A, AR &
AL w viehg g XHA A o 543 =
AH3E7] 913 Alb7)e] Algwstz AAEH. dl=
AA] AbE7]e SlA =u|7} AR} XY 75}
HAE= o Z platypus SA| =2 n|7} AlRE7] o] Z o]
e EAL AF7HA 2 g vl glslov & 5 3
gk ofuEl Zaccodr o) Fi= e} Algt A o] v
Abslez olzjgt AlA W3l AR debd Zlem
A, 5 HYUd 2AHE oW Zaccodr o {2
A7) B4 o2 A ofnl7t ZEeEl £}

2 A9} &) 4-gh)i|Ab Z. platypus®] AbEAYE|
(Nakamura, 1952)= §-2]3}7] dx]3}¢lS But oz}
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ZaccoZ o]§ = Z. temminckii, Z. pachycephalus -2
Z. platypuse} Aol Add, Akt e 2 8)Fo] w5
SAbsked T} (Katano, 1992a, b; Wang et al., 1995; Katano,
1998). £3] Z. temminckiix= 3R =#n]E o] L3} 3}
Aol ok FEEd, o|#idt fF> FHel @2 satel-
lites (AT A E2HE &S B33)17] 43 7ol
B 73 v} 919l (Katano, 1992a), o] Alet® o2 =
229] cannibalismel] 2]&l °F 97%7} £A] ol ¥l
g ¥} Qluk (Katano, 1992b). ¥ Aol M o9} f-Al3}
A ru)S "dwx] sHAbel Algrslelar, g9 Ak
Fol 44 A P4k deiBe] AkE B o
o=z Hol A3l oFo] abo] cannibalisme® =
2 Aoz A=
Z. temminckiil: A2} ZJ FHo] WEr} e Ao
A dE Welsh=d o7t JA srs=z g
Zlol| A ¥bE-H o7 AlEk (repeating tactics)3}A] gk,
7} & A4S 53] 70 dErt 25 dele A
A7 A7} He] AREE=R FH o
o] %3&}o] A=k (shifting tactics)dl= A2
2ko] ® 3% v} 9t} (Katano, 1992a). Z. platypus=
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Z] a1, territorial maleo] Akt o Abzl z2bA 3} 2] 44]
e REA7=E, AFH vlE] 7] der) ke
7H A A AR A I R A 7be] A el Hom
Kol 53] 719 “’Eﬂ Abgkel ol o] 2 3gs F
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~ o
= I
g7} A Fel 7P AFAe AAlsl= Z. platypus
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w9 e} sz mgn], u|y Rl FAe] FAHS]
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A BE SR =gn] ZAolrt A3, A% obxt)
Z. platypus 78] Al 222 He = #HERe
(head butting), 3)Z#}-2 (rotated fighting), 33} )4 3
O,gi]ﬂﬂ/\] 1%]-—,—7] (parallel swimming), E-o]%7] (biting),

o el 4] e el wletel Aol Lol

ol $181e) doz wels) ksl A



ma}a|, Z. platypuse| A4Al AHEY 201

Andersson, M. 1994. Sexual selection. Princeton University
press. Princeton, 599 pp.

Katano, O. 1992a. Spawning tactics of paired males of the
dark chub, Zacco temmincki, reflect potential fitness
costs of satellites. Environ. Biol. Fishes, 35 : 343~ 350.

Katano, O. 1992b. Cannibalism on eggs by dark chub,
Zacco temmincki (Temminck & Schlegel) (Cyprinidae).
J. Fish Biol., 41 : 655~ 661.

Katano, O. 1998. Growth of dark chub, Zacco temmincki
(Cyprinidae), with a discussion of sexual size differ-
ences. Environ. Biol. Fishes, 52 : 305~312.

Kim, I.S., M.K. Oh and K. Hosoya. 2005. A new species of
Cyprinid fish, Zacco koreanus with redescription of Z.
temminckii (Cyprinidae) from Korea. Korean J. Ichthyol.,
17:1~7.

Nakamura, K. 1952. Environment, food habit, spawning,
development, growth and fisheries of Zacco platypus in
Chikuma river. Bull. Freshwater Fish. Lab., 1 : 2~25.
(in Japanese)

Parker, G.A. 1992. The evolution of sexual size dimor-
phism in fish. J. Fish. Biol., 41 (Supplement B) : 1~20.

Trivers, R. 1985. Social evolution. Benjamin cummings,
Menlo park. 462 pp.

Wang, J.T., M.C. Liu and L.S. Fang. 1995. The reproduc-
tive biology of an endemic cyprinid, Zacco pachyceph-
alus, in Taiwan. Environ. Biol. Fishes, 43 : 135~
143.

Wu, H.W. 1964. The Cyprinid fishes of fishes of China. Vol.
1. Sci. Tech. press, Shanghai, 288 pp. (in Chinese)

g2 & olFH - o]&F - WA - A, 2005.

A gharo] ol =4k kAL, AE, 616 pp.

FHE - ST - AL - AAAL - o] F 4. 1999, Iete
Zacco platypus (Temminck et Schlegel)®] Zm Ak 3t
=ZokA18k3]%], 12 : 25~ 30.

Rlu] %, 1991, 3)ete] 4 (o] X, JoiTh) ol Fe AFHFA

AT kS Ak 2AFEES] =3, 94 pp.

R4 - kAo, 1991a. Tehn) & (o) %, QJeihyel Rl A

SRR AT 1 5074 He] YIEFEIA, 115 -
557~570.
RlE)% - oFAjed. 1991b. F}u] 4 (o] =, ool H)olFe] A
ER 53" dF1I; Zaccod ¥ Candidiag o] 72 A%
A 877, 222 3]7], 115 : 571~ 584.

qw) % - Aol 1003, Slekulg o fe AFEFEH AT
1V; st ‘;‘ A=A Z-AY (Zacco temmincki)e] #4138t
2 ¥} g2 E83]%], 120 : 28~ 35.

waa - 2358 2006, E3AF, Acheilognathus signifer
(Acheilognathinae: Cyprinidae)2e] A% 0|33} o]x}Ad AL
3hro] 53}3] %), 18 : 141~ 147.

5% 1084. slebnloste] Ag PRI

25U S HARSHS] =, 19 pp.
4358 . 214, 2000. H}EE-°], Macropodus chinensis2] AJ
A e e} 27| WAL =423} 3] 7], 33 : 282~ 286.

Alg=3. 2004. o] Aol AA]sl= ZhdRIE, Acheilognathus
koreensis®} ¥ 2}n], Zacco platypus®] A1z} 7|94
zol AP AT Adtm @A Ak
57 pp.

okx]e] - mlm] 4, 1989. ZEAY] (Zacco temmincki)e] 2l F}e])
A QT IX; Fekulolst o] 7] AFA. G2 F S
A], 107 : 393~403.

U1} 2005. ¥)2hm], Zacco platypus®] A3t eje} =3
A A Ay sty g5t MAalete =2 25

#3. 2001 A4 o) % o o] HY A &

sled. Ao st skl MAFEHS] =+, 81 pp.

73 4. 1995. Z]2}n] (Zacco platypus)] FA}E A3l #3F

T A5 e AALELS) =, 23 pp.

Z713. 1996. ] 2}n] (Zacco platypus)®] A=A #A. A+
o3t sk AA}ete] =X 24 pp.

%A% 1985. Bandings}ell 23t =24l Ilglu|& o] F 2
| F A o A A £ 4 p
°J 3. 1991, sk4eAlell A A8k F]etn] (Zacco Platypus)
2} ZAY (Z. Temmincki)®] B% U 2% o] sk
QA7 Fel ek B atal wparets] =, 197 pp.

P H K AR, 1939. gAff fOEHEE, 55—, BRSEME, ASEAE. 3

St RV I 7K A A B . pp. 331~339-

AT SFRE. 1969. HAR O o 4 BHRME. BERBHERBIZEA, 30K,

pp. 5~99.

XA
T

=R
=

_' o ﬁl—tHB—]'_].L

rg'o

l &

Received : July 9, 2006
Accepted : August 17, 2006



