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Reproductive Ecology and Spawning Behavior of the Natural Monumental and Endangered Species,
Cobitis choii (Pisces: Cobitidae) in Geumgang (River), Korea by Myeong-Hun Ko, II-Ro Lee' and In-Chul
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Soonchunhyang University, Asan 31538, Republic of Korea)
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ABSTRACT A survey was conducted in 2011 to investigate the reproductive ecology and spawning
behavior of the natural monumental and endangered species, Cobitis choii. C. choii exhibits sexual
dimorphism with the development of lamina circularis on the second pectoral fin ray in males at one
year old, facilitating easy differentiation between males and females. A total of 1,288 females and
881 males were collected from January to December, resulting in a sex ratio of 1:0.68. The spawning
season was estimated to be from late June to early July (spawning peak from late June, with water
temperatures ranging from 22 to 25°C), coinciding with a sharp decrease in the condition index.
Gonadal maturity was observed with maturity indices of 17.5+2.11% for females and 2.9+0.46%
for males, with fecundity of 2,444 +838 eggs and egg size of 0.75+0.05 mm. Spawning behavior
was induced by hormone injection (Human Chorionic Gonadotropin, HCG) in laboratory conditions.
Experimental results revealed that males and females paired in a 1:1 ratio before spawning. Males
pressed the abdomen of females using their lamina circularis to induce spawning, followed by
immediate fertilization. Spawning behavior was repeated 15 to 25 (average 20) times per pair of males
and females, and 80 to 120 eggs were spawned per time, and the total amount of spawned eggs were
2,500 £ 250 on average.
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Fig. 1. Study station of Cobitis choii the Jicheon (Stream), Inyang-ri,
Cheongnam-myeon, Cheongyang-gun, Chungcheongnam-do, Korea.

o,

A £RS 242 1047 o1 A
Hatgiek. ARy|9t ABIE G

AU SRR 2P

on] AN ¢
o AW AFE &

AR Q1] 9)

=l

£ 10% 2200 1A & AFEE PAaydse
(GSDoF &7, 3k, 55 ARSI 9492 APHI=EE
=of wat AL 9 1dA AA 40~61 mm, T 2HA 64~79
mm, 9+ 39A 80~91 mm, T+ 494 o]A}F 92~106 mmE, S
AL gk 1WA 40~59 (50+3.5) mm, I 29 AL 60~71 (66+
24)mm, 9 334 o] 72~87 (73+34) mmE TLEST}
(Ko and Bang, 2018a). &-4=9] 82 =3 7}&A =2ju]9
=24t (lamina circularis) 52 T on, A2-L 001

mm7HA], A5 0.01 g7kx] A8ttt

il

3. X2 7

A 27 et 6ol AFE AA 3utE] (A% 82+ 5 mm,
AF 21203 )¢ A 12018 (A 65£3 mm, A5 1.1+
0298 ALER] APLE §70 F 100L F2l520]
58313 ol 71 A eu|e} Bt Aolo] HCG (Human
Chorionic Gonadotropin)E 7l (20 IU/g)3+ 47 (50 TU/g)°l|
FASHY ZAHAAS FEsth 2 7| ZHATIE oE
sto] AAE FFHF e, 222 25°CE FASHA. At

P52 t]xE7Hd 2 (EOS 20D, Canon, Japan)2} B|t] 2.7}



eH(HDR-CX7, SONY. Japan)& AH§3tol AW 29 & 3
& BAsH,

2 I

1. O|x}SE & SH|

nEE7)E Aol uk 1do] HH A9 Ft&A=gn|
= SAET dojR 1 W3 wjie Bgos HEty 7tE&R
o] A27]%0f ZZARt(lamina circularis)© ] FAE WA ot
Ak GA AHE A AR7|de dAT £ 2R A F
QubEo] o EAYA L HA W= % ]S Hylon,
AR = do] FEstHA EFSHA Fojuhe il ofolR g
AL =it} (Fig. 2).
ARE 129704 A FH- 1288704, =L 88174
A, Ao 670NAZ Y] (@ : )= 1:0.682 YeERGI, > A
Fo2 AL B4 At 1:10] ofd A2 yehylth
((°=76.37,p<0.05). 9EZ QulE 197 29, 592 Aul7}
110190 (2 <3.84,p>005) 2L &9 &2 1:10] ofd A
o2 Uehydth(y?>3.84, p<0.05) (Table 1).

2t7

[

2.

rx

A7) E 20119 €9 BRE WHEkel ARl &S A
ekl FAE AT HRtER = 195 H 387HR] A
0.32~0.35, 57 0.36~0.372 Fgrout 49 (gA 037+
0.005, =7 0.38+0.042)5€ Z7}3to], 59 (A 048+
0.028, % 04710.032), 64714 F23% A4S H¥od 6
4 18Y (YA 0.59+0.031, A 0.55£0.029)°] AL =2
gt o] 79 7Y (A 0.41+0.032, 57 0.45+0.034)7+
2] A3 A4S Ho|1 8Y (¢HA 0.36+0.030, £ 038+
0.060)71A] &gt ZHAE Ho] HAXE Bt 945 H 12
712 A 037~042, £ 038~04002 Z WIS Hol
A ¢kskTh (Fig. 3C, D). J%‘l«l ARl &S 69 18U 7HA
AAE vRE=x57b ZH2E 0.54~0.652 2E A7} Aekst
A ot (AHHE 0%), 68 29Ul WA H|Th=z|4
7} 0.56~0.619] B]AFANA (25%)9F 0.39~0.489] AFI)A
(75%)2 83 FE=EeH, 79 79 o|F= BE A
HIREE 2|27} 0.47 o] st2 UEh (AFehE 100%) 25 At
NA SIS}, o3t A7 B|RE=ZR| 4= Wstel ARt7A&
< 38 nEEY A= 0¥ TRE 7TE 2 (A7) 6
4 HE BE ok (Fig. 4).

) 5E7he] ARl 649 22¢ olAdd= 9= 030 mE
Wokout 69 23U R E Auprh A ZEHA B2 v Qe
A7F 124 m2 F43] F7letglon ol A7) 2 Bld 6

Female 11

ot

g

hn

Fig. 2. Sexual dirmorphism of Cobitis choii in the spawning season.
Scale bars is 1 mm.

Table 1. Sex ration of Cobitis choii in the Jicheon (Stream), In-
yang-ri, Cheongnam-myeon, Cheongyang-gun, Chungcheongnam-do,
Korea from January to December 2011.

. Sex ratio 2

Month  Juvenile Female Male Total (7/9)

Jan. 11 25 17 53 0.68 1.52
Feb. 39 66 49 154 0.74 2.51
Mar. 43 93 60 196 0.65 7.12
Apr. 43 139 89 271 0.64 10.96
May 63 109 115 287 1.06 0.16
Jun. - 221 151 372 0.68 13.17
Jul. 33 100 65 198 0.65 742
Aug. 57 88 49 194 0.56 11.10
Sep. 70 97 57 224 0.59 10.39
Oct. 109 124 71 304 0.57 14.41
Nov. 112 136 98 346 0.72 6.17
Dec. 90 90 60 240 0.67 6.00
Total 670 1,288 881 2,839 0.68 76.37

The critical value for x> goodness-of-fit test of equal numbers of females and
males (1 df) at 95% significance is 3.84.

4 2992 #97F 073 m Robgon 7Y 497HA] 0.70 m
AR 78 7Ll= 0.57 mlT (Fig. 3B). Abgho] o] Fojx
64Y 2994 9] 22 22~25°CE UEMGTH(Fig. 3A).
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£ 294046%th 4AY AARHSEE T 284 (n=8)
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Fig. 3. Temperature (A), water level (B) and condition index (C:
female, D: male) of Cobitis choii in the Jicheon (Stream), Inyang-ri,
Cheongnam-myeon, Cheongyang-gun, Chungcheongnam-do, Korea
from January to December 2011.
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Fig. 4. Condition index of female of Cobitis choii in the Jicheon (Stream), Inyang-ri, Cheongnam-myeon, Cheongyang-gun, Chungcheongnam-
do, Korea from June to July 2011.

Table 2. Gonado somatic index (GSI), fecundity and egg diameter of Cobitis choii in the Jicheon (Stream), Chungcheongnam-do, Korea from
June 2011

Number of Total length Body weight GSI . Egg diameter
Sex Age individuals (mm) (2) (%) Fecundity (mm)
2+ 5 65~71 1.49~1.59 32+0.56 - -
Male 3+ < 7 72~81 1.89~2.01 2.8+0.33 - -
Average 12 65~81 1.49~201 291046 - -
2+ 8 65~80 1.64~3.02 150+1.15 1,497 +£300 0.75+£0.04
Femal 3+ 10 81~90 3.03~4.30 184+1.31 2,598 +£454 0.76+£0.04
emale
4+ < 8 91~100 4.42~5.56 183+1.52 3,197 667 0.74+0.05
Average 26 65~100 1.64~5.56 17.5+2.11 2,444 +838 0.75+£0.05
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Fig. 5. Fecundity of Cobitis choii (n=26) in the Jicheon (Stream),
Chungcheongnam-do, Korea from June 2011.
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Fig. 6. Spawning behavior of Cobitis choii at water temperature 25°C in laboratory. A: Resting; B: Free-swamming; C: Group-swamming; D:
Approaching and pairing; E: Beating and chasing; F: Contact and coiling; G: Coiling (dorsal side); H: Coiling (lateral side); I: Coiling (ventral
side), J: Spawning and external fertilization; K: Separation; L: Resting.

(Kim et al., 2006; Ko, 2009; Ko and Park, 2011), A} Z =] €] Kim and Ko, 2005; Ko, 2009; Choi and Byeon, 2009; Ko et al.,
£ 0.9~1.2 mm (Byeon, 2007; Hong et al., 2011), B]F-&] <5 1.1 2012b, 2012d, 2013, 2016; Park, 2016; Ko and Won, 2016)%,
mm (Uchida, 1939; Kim et al., 1987; Kim et al., 1992), Z-Z7} ot Ao 7= AAA sHAIYALS) u) & do] Q= A
22 1.11~1.45 mm (Kim, 1978; Kim and Lee, 1984; Choi, 2003; o2 dHF L=, Asdo] vluF e 5L H(uEL)
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Table 3. Composition of spawning characteristics in the family Cobitidae in Korea

. Sex ratio Spawning period . Mature
Species (/%) (water temperature, °C) Fecundity egg size (mm) Reference
Cobitis choii 0.68 June~July (22~25) 2,444 +838 0.75+£0.05 Present study
C. hankugensis 1.55 July (22~27) 2,783+1,543 0.98+0.05 Ko, 2009
C. lutheri 0.87 July (24~26) 1,089 +£418 1.09+0.04 Ko and Park, 2011
C. tetralineata 0.58 June~July (22~26) 1,288 +583 0.98+0.10 Kim et al., 2006
Tksookimia koreensis 0.75 June (20~26) 1,138 £431 1.10+0.08 Kim, 1978
0.76 July 1469+797 1.08+0.10 Ko et al.,2012
1. pumila 1.02 May (20) 3291204 1.35+0.08 Kim and Lee, 1984
- June~July 1,017+£334 1.27+0.02 Koetal., 2013
1. longicorpa 0.65 June (20~24) 2402+944 1.32+0.12 Kim and Ko, 2005
0.51 June (22~27) 1,992 +£925 1.31+0.06 Ko, 2009
1. hugowolfeldi 0.59 June~July (21~23) 1,933 £530 1.30+0.07 Choi, 2003
0.69 June~July (21~23) 933+ 154 1.30+0.07 Park, 2016
1. yongdokensis 0.69 June~July (20~25) 2,292+618 145+0.03 Koetal.,2016
1. pacifica 0.63 July (20~25) 2,503+1,337 1.11+0.04 Ko and Won, 2016
0.93 July (25~27) 809 £295 0.76+0.01 Choi and Byeon, 2009
Koreocobitis rotundicaudata 0.78 May~June (20~23) 1,365+720 1.18+0.09 Byeon, 2007
K. naktongensis 0.92 May~June (17~20) 22,643+4,629 0.87+0.05 Hong et al., 2011
Kichulchoia brevifasciata 0.49 June~July (19~29) 38+3 145+0.16 Kim, 2008
0.10 July 69 +35 1.46+0.07 Ko and Bang, 2014
K. multifasciata 0.73 April~May (13~21) 820+213 1.77+£0.07 Chong, 1986
0.90 March~May (14~21) 491+ 154 - Kim et al., 2016
Misgurnus anguillicaudatus - May~June 16,430~40,000 1.1 Uchida, 1939
M. mizolepis - April~June 8,500~1,3500 1.12 Kim et al., 1987; Kim et al., 1992
I B (715F5ME) A T2 AASHAT Jedo] vy L (C. taenia, U| e, dE I ) St v|wA GAFS
Seo AT E @3NS, AR L, FeeAH)0] = T} (Tsukahara, 1948; Bohlen, 1999; Hong et al., 2021). == W
2 MAsl= AR RIEQT(Shimizu et al., 1998; Ko et Aoz JENAu| 9 AHPETL o -5 18T 5.63

al.,2016).

Aol w e o] 7o ARt FE BES7|7L ol
9 A8 ZEo| A T E I (Kawanabe ef al., 1989), 4
H2E2 £~ Y Agoz 93tk (Bohlen, 1999, 2000,
2008; Hong et al., 2021). u] &7} o]F 9] L EL 7] 7}
FA =gl “a"é—_l‘?_}a ZEA AL Qlow, Abgtr)of o] ARt
& olgstel G B o] Aust Aoz Lot
(Bohlen, 2008), 715%71<2] C. taenia (Bohlen, 1999), u]IL
249] w9 (Tsukahara, 1948), 20| 2| &) AEAH=
u]32] (Hong et al., 2021) 52 ‘UAZ 524 AR H At
Y52 S o] nase] uBHAL FAY AVYEL
Btk Wb Sabanejewiass S. vallachica2 7o Z2 6t
o) glol WmEA RES VA oz gk UL A
o] Ryxlo] B £3} 2}o]E B Hr}(Bohlen, 2000, 2008). ||
5509 A% A Ao 20| FRE ATHE UF 5

¢

(1~183))0] 1L 18] AFghaFe 230~3907H, F AthaF-e 203370
2 E_TLE]Oi(Hong etal.,2021), 0| S EN Q] & -4 1”\1"4 A
32 203 (15~253])0| 11 13] AFaFS 80~1207H, & Azt
2 2500709 Bl el Bt AHESe} & e )%
S oo 18] ARee dReRe o gol 4
o5 Rt v|TFI/NE E33E C. taenia (Bohlen, 1999), 1]
2] (Tsukahara, 1948), €S A Z ]I 8] (Hong et al., 2021), S.
vallachica (Bohlen, 2008)= 2% FEZX o2 A5 S &
a Ge EW D Al T Be B SolHQl YFL
ol gt
o pela ol Aoy EAL ARtYE
Ao waEA hokeh. 53 g 713
(Shimizu et al., 1998; Ko et al., 2016) & £+
e HY Aoz oAEAT g F2 2

ol

-~

opE7HA| =
A AR X E
o wa} ol
o Exsiet.
4 6~10 cmo|1L Baj-F Hig9] A E9

ol rlo &

ol-)l

o|Z C. taenia=



Ol

Fo]| AFgrS 3}aL (Bohlen, 2003), C. striata= &
=5 A Zgolu Ao AtekE )
™ (Saitoh, 1990), F]H 2= A0 &2 I vieel =04 4
ZAot= o] #aEE v 9l (Kawanabe er al., 1989). 1| 5%
Ne S5 npA7tA 2 24 AdgsS A
Astg7] f2ol A 4 sk Zetqlo. ok 2
HollA mlEF Y AbE AutE Qs =917t 23] st
Al7lolm, As/lAl R 4btEel A 2R 2ert 2y e
ZoA A7 2ol Agas B vpgog 245
U, Aotet Al EAS 9el7] YeliAe 7 A 2
strhar AzhEc.

o OF
) =

AdA71dEol EF Y7107 nz2F/HY WA d
AR EL 83 7] 3l 20116 ZAFS AX|3FG . n] 3£
L A0 AF o]yl ZZA 4 (lamina circularis)o] T+ 1Y
o ZhEA| =2ju] A27| x| BAAE ] &7 HA FEES
o 195E 129707 &R 1,28870A], =R 88174417 A A
o gHl= 1:0.680] 3t A7) = v|wtE x40 FA 3 o
g B3 6Y IR 7¥ (A7) 69, 2 22~25°C)
2 FAEYT, WAL EE= 9A 175+2.11%, 5F 29+
0.46%°]1, T 2,444 +8387), F7AL 0.75£0.05 mm S,
o} A e AgAdA TEEHCGS FAFSH 4kts
freste] BEstlch AP AT}, dRT AL Abgto] Yutst
A 1: 12 &AF o]& & H0] 7HEA=gu| ZAE o&
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