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Reproductive Ecology of an Endangered Species Gobiobotia macrocephala (Pisces: Cyprinidae),
in Seom River, Korea. Ko, Myeong-Hun, Ha-Yoon Song, Yang-Gi Hong and In-Chul Bang*
(Department of Life Sciences and Biotechnology, Soonchunhyang University, Asan 336-745,
Korea)

The reproductive ecology of an endangered species, Gobiobotia macrocephala (Pisces:
Cyprinidae), was investigated in the Seom River, a tributary of the Han River
drainage system, from March 2010 to February 2011. During the non-spawning sea-
son, no difference in the external morphology was observed between males and
females; however, during the spawning season, clear differences merged for the depth
and width of the body, preventral length and preanal length in the standard length.
The sex ratio of females to males was 1:1.01. The spawning season was estimated to
last from late April to middle of June, at water temperatures of 15~ 25°C. The number
of mature eggs in the ovary averaged about 2,134+930 (mean*SD), and the mean
diameter was approximately 0.88+0.04 mm. The spawning area was composed of
pebble and cobble bottoms (3~ 10 cm), with current velocities of 13~24 cm s™! and
water depths of 12~ 18 cm. Spawning behavior between males and females was
observed in a water tank 14~ 15 h after injecting females with Ovaprim to promote
reproduction. Fish spawned near the water surface with monogamous pairing.
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(27] 20x20cm, W= 200 um)S A 2Fste] AT
Szrel gheldl Rl ge)H A ST 4, o4
It 2718 FAskgEd, 243 I 271 50
cm A5 o] g3t 2Aste, YA Cummins
(1962)2] whgel wel FEPow, §4E F47)
(FP101, Grlobal Water 800-876-1172, USA)S A}-8-3}o]
A3k

Abre) g Apdel A AR A3t oF - 5 A7 1071

& st AgAde 7 F - 5 2 s
o] Ovaprim (Syndel, Canada)2 0.5mL kg™ FA}s19] o
w, Jx7 D/IL=10:14, $&& 25°C, 8FAA>8mg L1?
o) 270] QRS §AHZ A4 9} A A
A2 (Z7] 3~5cm)2 ZF % (60 X 45 X 45 cm)ol| A 2+
Shgich ARk Ee] BAE gk} Wsle] KA
7} 2} (Nikon D200)¢} 1]t 2. 78 5T (Sony, HDR-CX12)
= 29 9 %3 & F BAsc

RERL

2] A
13 2 kskon,
AL gz R el AL v Ry 5 ookt o
ot §F - fzbells FEle] FREA| okt AR
AFAME & - 5 Zhll F2l3 zfe]lE Hl=d] (Table
1), A7 A7) (59) 9} v]AkE7] (99) 9} A glo] (p>
0.05) ¢} (549 69.4+5.38mm, 9¢ 65.0+5.62mm)o] 4=
Z1 (59 59.0+4.54 mm, 9Y¢ 58.1+4.69 mm)¥c} 5~7
mm~7} o Zoh(p<0.001). AF= 7 (59 7.76+1.69,
9% 5.43+1.360)°] 47 (5% 3.44+0.85¢9, 9Y 3.77+
0.99g)Ht} 2.0~4.0g v ¥ (p<0.001), =3+ 4=
71> A7) 9} wjAlE7 ol 2}e]7} $19l o1t (p>0.05) $H
< Akt7) e} wjakE7 ol F813F 2ho] & B9t} (p<0.001).

AZ Aol M v|AkE7)ol 227 A F Adel] gt
AF3} S =2u] 714, FA ] gk /H 371 A A

Ir2] Gobiobotoa macrocephala®] SF -

Table 1. Comparison of biometric characters between female and male of Gobiobotia macrocephala in Seom River at
Heungho-ri, Buron-myeon, Wonju-si, Gangwon-do, Korea, 2010.

Spawning season (May)

Biometric characters

Non spawning season (September)

Female (n=10) Male (n=10) p Female (n=10) Male (n=10) p
Standard length 69.4+5.38 59.0+4.54 <0.001*** 65.0+5.62 58.1+4.69 <0.001***
Body weight 7.76+1.69 3.44+0.85 <0.001*** 5.43+1.36 3.77+£0.99 <0.001***
In standard length (%)
Head length 26.1+0.60 25.0+0.93 0.016* 27.2+1.30 26.8+0.98 0.347
Body depth 25.4+2.80 19.2+1.01 <0.001*** 20.4+1.10 20.4+1.42 0.919
Body width 21.9+1.75 159+1.64 <0.001*** 19.0+£0.79 17.5+0.98 0.017*
Predorsal length 47.2+1.10 455+1.34 0.015* 46.6+1.61 45.3+1.85 0.051
Prepectoral length 24.44+0.85 24.6+1.28 0.746 26.9+1.90 27.1+1.97 0.746
Preventral length 47.8+1.90 442+2.14 <0.001*** 47.8+1.56 46.9+2.12 0.275
Preanal length 73.8+0.92 71.2+1.94 <0.001*** 74.2+0.96 73.0+1.15 0.046*
Caudal peduncle length 73.4+4.84 80.1+4.91 0.012* 69.0+6.28 70.2+6.48 0.640
Caudal peduncle depth 9.1+0.44 9.1+0.27 0.899 9.3+0.42 9.4+0.27 0.257
Ventral-anal length 27.5+1.47 27.0+1.43 0.445 27.3+£1.72 26.7+1.51 0.350
Anus-anal length 13.4+0.98 145+1.30 0.110 13.9+1.39 148+1.72 0.167
Dorsal base length 16.6+0.82 16.6+1.63 0.957 17.0+£1.16 17.2+1.21 0.707
Anal base length 9.0+£0.75 10.1+0.66 0.001** 9.5+0.75 9.5+0.51 0.895
Dorsal fin length 22.2+1.03 22.7+1.22 0.345 22.1+1.06 21.7+1.79 0.531
Pectoral fin length 255+1.31 26.3+0.81 0.154 26.5+1.38 26.8+1.38 0.656
Ventral fin length 18.6+1.17 19.4+1.09 0.114 19.7+£1.22 20.1+0.89 0.495
Anal fin length 17.6+0.89 18.8+0.94 0.035* 18.0+1.72 18.4+1.29 0.458
In head length (%)
Snout length 42.9+1.99 43.2+2.61 0.899 43.4+3.90 43.8+4.34 0.816
Eye diameter 249+1.76 26.8+1.81 0.050 24.2+2.46 26.4+2.16 0.027*
Interorbital width 20.6+2.69 24.2+1.90 0.004** 21.2+2.43 19.9+3.24 0.276

MANOVA, Post analysis: LSD test, *p<0.05; **p<0.01; ***p<0.001
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Fig. 1. External form of the spawning season of female (A,
B) and male (A, C) of Gobiobotia macrocephala in
Seom River at Heungho-ri, Buron-myeon, Wonju-
si, Gangwon-do, Korea, May 2010.
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oF7ke] z}o]E Mtk (p<0.01). 3HA]9F Al o= 32
ZF AR Az A, A, A =2e] 713 A, A=
Zn] 713 A=l 67l FA-ANAM = FEE AfolE Bl
(p<0.001), o] A Aol WfE AT A 25.4+2.80%
471 19.2+1.01%, A2 947l 21.9+1.75%, 571 15.9
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Table 2. The sex ratio of Gobiobotia macrocephala in Seom
River at Heungho-ri, Buron-myeon, Wonju-si,
Gangwon-do, Korea, 2010.

. Sex ratio
Sampling date Female Male Total 2

ping (/%)
1 May 2010 96 119 215 1.24 2.46
7 May 2010 49 38 87 0.78 1.39
14 May 2010 113 134 247 1.19 1.79
31 May 2010 114 128 242 1.12 0.81
7 Jun 2010 106 64 170 0.60 10.38
Total 478 483 961 1.01 0.03

The critical value for X2 goodness-of-fit test of equal numbers of
females and males (1 df) at 95% significance is 3.84.
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Fig. 2. Condition index (BW/SLS x 10°) of Gobiobotia macrocephala in Seom River at Heungho-ri, Buron-myeon, Wonju-si,

Gangwon-do, Korea from 2010 to 2011.
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42mm o4k) % 294 ol4ke] AR, o) 712 % 53]
o A ARH AAE PR 4T8HA, 57 483HA 2 A
9 (/9% LO12 vehgtor], R4 @ A% s
7 112 ebgeh(p>0.08). 59¢) F 4Me] =ab
A3} Bl 0.78~124% viEh} 2§05 ke
U (p>0.08), 69 7ol AXF AAEL w7} 0.602
2 4% oz teht zolE nsie(p<0.05).
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el (Fig. 2). oF - 71 FEEA] o 399 vRl=
A= 1.59+0.1272 o}, o]|F obFle FA3] =
7} 3= AES BelEd|, 49 1596 1.904+0.215, 5%
199]] 2.06+0.190% Ho|3 59 14%9] 2.14+0.2332
2 AL B} o]F 54Y 31Ye|| 1.83+0.201, 64 14
o]l 1.71+0.1452 FA3] ZFAastgiorn 694 30Y4)
1.6540.122, 79 14Ye|:= 1.634+0.1212 Z+Aslgch
$71% 59 1de] 1.6240.103, 54 144 1.61+0.150
o=z Z7}algl o, o]F 5% 31Y9] 1.49+0.129=2 FF
A3}l on, 64HE 7972 150~15302 A &
AFetoict. o] & oF - 7 FEEA] s 84 o] F= 8Y
1.6040.200, 9% 1.5540.131, 10¥ 1.53+0.2400.2 =%
A Frasierl 119 o] FHEl: 23 $718le] 1.60~
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o1} 79 o] 9 A NAME HAe] foA] sk
g e e e 449 230 Aoz 45t R
NI 5Yef &= 50% o] o7 =gkont 642 20% H|Tke
2 FA3%] Aastela 7Y o] Foll= wiEE = AT ol
gick. meba) B)ekEA|4 gl

==

1_1:!}\

B o, 7] AlRb)e 4@“‘-"‘%151 649 % W}Xli(—r
2 156~25°C), Al 7| & 592 FAH -

2) AX &2 B%

v kA7) —:-—5—3— 59 19 A=A &3 A =
el A EE, P 55 *}6}%";} o) g
gt A= 2948 oAl Al 42mm o] Ake] A 9 o,
dae ggE e R 9l E‘r Ar ST 2

JA (A 42~54 mm, n=15)0] 20.0+3.45%, 334 (A
A} 57~67 mm, n=7)°] 18.5+2.59%, 434 oA} (AA
68~77 mm, n=5)¢] 20.0+3.61%= <I=H Z zjo]:=
A%t (p>0.05).
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Fig. 3. Frequency distribution of egg diameter of Gobiobotia
macrocephala in Seom River at Heungho-ri, Buron-
myeon, Wonju-si, Gangwon-do, Korea, 7 May 2010.

Az AA d7HE AT 22 Fig 33} Fe] n
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FEE S Agde] uj&-2 234 (A 46 mm) 59.3%,
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55.3% % m|AsatEY vl Eoioh dREE Asd
9] =712 =43 Az 21394 (n=15) 0.88+0.03 mm, 3
A (n=7) 0.8840.03 mm, 4334 o]} (n=5) 0.8940.07
mm=z A wel A $AEIG e HF 0.88+0.44
mm<3t}.

ZZ4E= 2394 (n=15)¢] 1,502+5577, 394 (n=7)
2,572+4127), 434 ©]AH(n=5) 3,416 +6217|= I
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2,134+9307} (n=27)9 32, A AFo] Z71gol wel 343
Z7)slgdom, 2A4e y=81.956x—2445.3 (R*=0.7788)
2 Jehde(Fig. 4). i 294 o] 7iA (45~79
mm, n=10)e4 Wl 2H= Lhrleld glelon,
A & A%E (N=10)= 1.9+0.59%%] 1 o] we} =
o] % ol x| gk} (p>0.05).
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A1l 5YRE 6U7A] FEREE Bl Al
¢ DAY o} WA 1*}911:}. oA Ak
Blstr] $13te] EA (27] 20x20cm, & 200 um)E
At e S Fig. 5A a} Yol Aol A
2R Ak o3 A5 4R o] mwA =3 o
SR AT RFAF ] o]Fe] Aoz FAHI
o} (Fig. 5B). A ¥ F2 =7]7} 1.05~1.20 mm (n=30)

om nAg AR Feho] AW HE 2HAE
W ubEEE wolglt. wro] AW o] Eeld #AL
$A) 12~18cm, §<4 17.7+4.68 (13~24)cm sec 12 H|
oA w3 =¥ Jre|gl, s 3~10cme] A3 &
AL E2] ol el A el

o] o Q& el
*2= = (Fig. 5C).
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5 Fr=sk A3 G322 A94E Ao+
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Fig. 4. Fecundity of Gobiobotia macrocephala in Seom Ri-
ver at Heungho-ri, Buron-myeon, Wonju-si, Gang-
won-do, Korea, 1 May 2010.
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Fig. 5. A collecting method of the spawned eggs (A) and the spawning area (B, C) of Gobiobotia macrocephala in Seom
River at Heungho-ri, Buron-myeon, Wonju-si, Gangwon-do, Korea, 1 June 2010.
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B. Stimulate to beating
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F. Resting

Fig. 6. Spawning behaviors of Gobiobotia macrocephala in laboratory from June 2010.

o loma 5ME AT HelA gu FAL A
oH(Fig. 6A). o] F Fxo] HLd MAES HHo= 5
Wg gate] Saom £FAAL SH ZHNA HelE

i H]ﬁ%a’] g ]_J‘_—_-_ _/‘;o] H]—.E‘_.Z-lgi :L]-;‘G-E] <3}
om, AR AAE e o £7H Lo WHe

r A% By

2) Azt

Aol B7bemiA gzle] 912 L£FAH 70| vt
7} A vl g A (Fig. 6B) AT 47 1] wh
2A 933 250 A5 #A&Z=F o (Fig. 6C). 14~15
A7y A & I AL A £ 2oz wz
frodsteirt o A A FFe] me]A =Eu|E o] &
ated o7l B8 i e Bl Fle] e we
T 227 o] WAEHY wl= A Abebsleloh(Fig. 6D). AMHS
bzl WA= v o2 Zbzh Wi gtel (Fig. 6E). 13] Alsh
B @2 oF 700~1,0007] % oH, w)A g YR} Sl
Frd skl et

. o

TRES
AR b A S wlerelA] B FAlS Aot

(Fig. 6F) Q3 AA = fedshis mro] BB, ol F

s A= o] o)A} AR 1A okolth Ak & o
RN AREE G sl Eire] FAHT

il &

B FX]o}3} (Gobioninae) o] F & FE-o]<4(Pseudoras-
bora)Z} X< (Hemibarbus), ¥ Sw %] < (Abbottina), =
FA15 (Microphysogobio) 5-2] o] 52 A=7|71 Hd
o)A 07 ZAd A o] JER}T B ,qm o] ZolA
o2 A mx Aoz WY FEo] o] F
e wo] FA T} x}lo] S H T} (Kim et al., 2005; Kim
and Park, 2007; No, 2009). & < Al 278
Gobiobotia macrocephalal Algt7]ol] EWgE o|zx}AA]
olib A sixlert el Sue} A% 4-10
mm7k ¥ =3 AFE 3~age] ¥ FAE AL B
om, A2 4 AL (GSI H 19.5%) 02 AA el oigk A
3¢k A F, wiA =u] 71H A=, SA]=2ju] 7]-F A
BolA 73 Aol 5 o] FEEA T2 wlA=D

ol AR A AT A& B e AL
T ApelE HeolA| skt -2 F27-2]< (Gobiobotia)
o] &3l= Z=Ate] G. brevibarba$} 34u}z} G. nakton-
gensisol M= B3 224842 B uEA oglom
(Choi, 2002; Kim and Park, 2007; MLTL, 2010), & - &4
=706l gleir BAfele] A% S7e] AR 5-20
mm7} Fokil B 38le] £ FI= Apo]E B9l (Choi,
2002).
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4 FE (2 15~25°C) 07, AR 7= 5¢=2 FAH
At dubg ez A7) AL A<= (Gonado-
somatic index)E ¥M3te] FAsHARE w2 NAE
sk Sl ek BE971Ee] 2
29 4 g7] wEol, 2 g o) 1
D Fe 109 Ao EARRI WS 47 Y A
of theis 47 Bl g 5 % ARPIA WlEE AN
ANAE FolA Q= AA7E FHT 5 2 A
2 5 23eE]e] Alelr]: o] ¢ Choi and Back
(1972)¢] F7kellA 5LelA 64 (52 18~21°C)2 F4
g uh glo] # Asbe} HAz gatsleleh 2 &9 E
Ayo] AlerA)7]:= Choi et al. (2001)0] 59 F<%HE] 59
1}k (4=2 18~20°C), Ko et al. (2011b)o] 4] oA 6
9 FE (A7) 54, 4 15~25°C) Batsle] A=
m7els) fAtsledem, el olshal sjujx] 6% (20~
25°C, Son, 2000), ¥} 7}Ake] 4~5% (15~ 17°C, Song and
Son, 2003), ]&x] Hemibarbus mylodon 5% (16.5~18.0
°C, Choi and Back, 1970), #]=] 4~5% (10~ 18°C, Song
and Kwon, 1993), 7}=-377] Pseudopungtungia nigra 4~
64, 7}.=51317] P. teunicorpa 4~6<, £31.7] Pungtungia
herzi 4~64 (Lee, 2011)2 X 11%|o] HA 2 Bv]|$s}AY
opz1e] Aolg meich

Tyl oA W@ 7 ARPE AR AAH e
2 HlRhEA 47} Fasehs ARE Bel T, WS SHT
A3} w5yt (3.0~8.0mm)3} A%t (8.1~10.5 mm).o
2 el 54¢ B3 dbHoz YAFels
(Acheilognathinae) 2 7}=-377]<4 (Pseudopungtungia),
£327]4 (Pungtungia) o7} 42| #-83 o] Pleco-
glossus altivelis 52| o]fF+= v)wA Ab7)7F 23 WA
o] wFFeE EA% GEAEE St How naw
v} ¢leo] (Matsuyama and Matsuura, 1984, 1985; Baek et
al., 2003; Kim and Park, 2007; Lee, 2011), Z-&] = H|
w4 7) AR 2EE AT $2 ¥ o oy
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& 9 g3alEks 3t Zlez FARY e s
gte] =)= B zAlelA] HHF 0.88+£0.04 mmzE vER}

Choi and Baek (1972)2] 0.8 mm¢} x| = -G-A}s}e] om,
©-6329) gjv] %] 0.43+0.06 mm (Son, 2000) Bo}= 7o
1} wj7FAFE] 1.03+£0.07 mm (Song and Son, 2003)¢} 4
2] 1.94+0.10 mm (Song and Kwon, 1993), SA}e] 1.98
+0.06 mm (Choi et al., 2001) Bo}= =2 Ho|g]H}.
2= JF 2,13449307) = e} Choi and Baek
(1972)2] 120~1,3007] X} wf-9- g2 Ho|slEH, o]+
QFAL) AN =7)e] Aol @ AHAI71e] Fholel] 24 7]
A& Aoz FAHL $E vmsle] BR T4l
EZ47)F 2,040+1401702 B3 B glo] Wi FAFSH
oJ o1} (Choi et al., 2001), ¢l %] 2] 620~ 694 (652)7), %)
2)9] 617~1,690 (1,132)7] Hrl= we 3 o]¢)1(Song
and Kwon, 1993; Son, 2000), ¥} 7}x}2]2] 5,138~8,787
(7,334)7) Bo}= A2 3 o|glv}(Song and Son, 2003).
B Aok} o) Rt TR AREAS AT, 4
gleh FHEar), 7heEar), Ea] 52 Bl el Pseu-
dorasbora parvat} 7127 Squalidus gracilis majimae
58 Sxol| Bo AlES d}1(Song, 1977; Baba et al.,
1990; Kim et al., 2004; Lee, 2011), o] X =3 o3
o]] Ak2tele- wE1 (Choi and Back, 1970), =3117]4(Sar-
cocheilichthys) o] 552 z7llol] Alebe 3k} (Kang et al.,
2007; Kim and Park, 2007). =3t o]& 7}=317], 7l=%
37], Ea71E HelsH &3l Ax FAkR] Al
&t} (brood parasitism)&- = 7oz odzlx or] (Baba
et al., 1990; Han et al., 2004; Kim et al., 2004; Lee, 2011),
7+ &0 ZAlo]= 44l 20~50cm, <4 60~130 cm
sect, 3R Z717F 5~25emel E3F ZE <l 3ol
. A 23 25 okl REFHAAT B
v} 3o} (Choi, 2002). 72721 ¢] Abgh- zApedellA] 3
Sk o, Al Akl 5S fr=3 A3
FHIAANA 1:12 A sl en] 53] At
e S HEEAE sk 283 e
= @ 3N FERAste s ¥ yEl wl gle
al,, 2011a), AFHel & B3 ARPFS FA
I} 4] 12~18cmo] 3~10cmgl 223} Eo] 7243
H4o] 13~24cm sec 2 18 o] LAY} o]F]
AL FRe 2 0, AelH FTE WA
o 2ol 4 MAFE(Ko et al., 2011c) A=H7)7E S
AR o] AR 1R LARE o Bfe] S 2H
oA ARSI, AR e 77 RelEe] A7)
5 oflel Fleiokel W % Bsle How FAwe
Z8v} Choi and Back (1972)= Abebale] 44l 8~15
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cm, 3HF=7] 2~7eme] 42T} Fo] 247 f4 90~100
cm sec 9] of&slE g Wyt v} glo] A AR
271 fABR o 453 AbEEe] SRl w2 A}
o]= Wit} o|gldt Hol= B dFx o] A7} shEn
o]u} Choi and Back (1972)¢] dFA|¥2 Z7} Z2edA
A1 2] Ape] Feoll os] vehd Atz wshgld.
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ol7} gl ot Abgt7lell= A A e Wik Azl AF, w
Al =2jn] 7147, A =] 7|3 A FellA Aol
Heod FHEAT AU ($: ) 1:1.01| 3, A7 &=
528 15~25°Col 4Y9URE 69 FFo=z FEAE Q)
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