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Life History of the Siberian Stone Loach Orthrias toni (Pisces: Balitoridae) in the Buk Stream, Goseong,
Korea by Myeong-Hun Ko* (Division of EcoScience, Ewha Womans University, Seoul 03760, Republic of Korea)

ABSTRACT

Life history of the Siberian stone loach, Orthrias toni, were investigated using samples

collected from Buk Stream, Goseong-gun, Gangwon-do, Korea. Growth was rapid between April and
October when water temperature exceeded 10°C, but growth almost stopped from November-March
when water temperature was below 10°C. Age groups for O. toni estimated by frequency distribution
of total length in spawning season (May) indicated the 60~81 mm is 1-year old, the 82~99 mm group
is 2-years old, the 100~119 mm is 3-years old, and the 120~140 mm is more than 4-years old. Total
length range by sex was similar, and sex ratio (¢"/ %) was 0.73. Spawning season according to the
gonadosomatic index (GSI) was May with water temperature 14~17°C, and almost all fish were mature
after one year old. Fecundity increased rapidly with age with an average of 4,460+ 3,302 (mean + SD).
Size of mature eggs was 0.87 £0.03 mm in diameter irrespective of age.

Key words: Stone loach, age composition, spawning period, fecundity, mature egg size

M =

i

&) 0] & (Cypriniformes), @] 2] o}& (Cobitoidei)®f| <53}
%712 (Balitoridae) o7+ FHI} ofrJotof theFsiA &3t
o] 422 618%0] B3} 9lom (Kottelat, 2012; Nelson e
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of zol7} Y= Ao Z B3 EAth(Kim and Park, 2007; Cao
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o=, 2Alobe] A 9 Aol & Foll, 5 M=
T FEUE Ashs Aoz dEA Qlo] BEA &
0]E H It} (Kim and Park, 2007).

U NG olfe 25 ABFTLE 31 F - AR
S3} 47 So| 29 o A A AAA olFold
(Kim, 1997; Kim and Park, 2007), tJ&Z7]9] Z$ A4S
< T2 A4t AFA oFE EiE o] (Byeon, 2010) T4
S ol Aol F8g 23 2ul g ot ek, 22
St A ik BAlo] molAHA e HH R wHH
shd o] 74 s E A o] =L QAL (Park et al., 2009;
Choi, et al., 2011; Lee and Choi, 2015), 3142 AL H7t
stof I ste= AFY 5 (ME, 2007; NIER, 2015)°] & =1
St HAES A SHL WEAANE D TeED
A T8 ARE SEHIAL U

SEvel S0l B A= FHE HFE4], DNA 97]
A8 & o8 ATEFETE A (Kim er al., 1988; Lee
et al., 1990; Park and Lee, 1991; Yang et al., 1991)7} A%t
A ATE A ATEA ggen TN ey
= 9153509 987 = (Park and Kim, 2003)2} A€l (Byeon,
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Fig. 1. Study station of Buk Stream, Eocheonri, Ganseong-eup,
Goseong-gun, Gangwon-do, Korea.

2010) o] U Mot} 2|9 AL % Barbatula barbatula,
Metaschistura cristata, Lefua echigonia 5 25 F5°| 34|
v el 93 9 A% e 9 414 e 5] 947t
=] Atk (Smyly, 1955; Sauvonsaari, 1971; Mills et al., 1983;
Eros, 2001; Hofmann and Fischer, 2001; Saat et al., 2003; Vin-
yoles et al.,2010; Aoyama and Doi, 2011; Patimar et al., 2011).
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% (Lee et al., 2010) Z¥E DA S A 24

(Fig. DollA 2013 1€45¥ 129714 AAlskict
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Fig. 2. Frequency distribution of the total length of female and male
of Orthrias toni collected from the Buk Stream, Goseong-gun, Gang-
won-do, Korea, May, 2013.
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Tl eush B4R AR ETHA 28 (WAMIS) ZE 14
SRR I A28 UgeHol WA 7)g08 2
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2201349 H3h 2] o= AR 26~49 (mean£SD, 38.6 £
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2 FAH% S 2o, o|F o] YHrtHA A2
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Fig. 3. Monthly variation of age and year class in frequency distribution of total length of Orthrias toni collected from the Buk Stream, Goseong-

gun, Gangwon-do, Korea from January to December, 2013.
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Table 1. The sex ratio of Orthrias toni in the Buk Stream, Goseong-
gun, Gangwon-do, Korea, from January to December, 2013.

Sex ratio 5
Month Female Male Total

(&/9) 4
Jan. 77 55 132 0.71 3.67
Feb. 74 63 137 0.85 0.88
Mar. 112 70 182 0.63 9.69
Apr. 151 97 248 0.64 11.76
May 123 86 209 0.70 6.55
Nov. 103 83 186 0.81 2.15
Dec. 61 60 121 0.98 0.01
Total 701 514 1215 0.73 28.78

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

B 39, 1195 E 1292 A AAstA] ekt 149] gt
SAZE 1290 & GAY o]Fe A o2 Vebgtt metA o
gk FRIgte] ol o2 & uf ztzke] Fuigte] Zzke] dAF
o2 g A YE VEeR @Eﬂ% A5 T
B glo] 1AL A% 60~81 mm, B 28-S 82~99 mm, Tk
39X 100~119 mm, B 49AY o] 42 120~140 mmZ 374
= ¢l (Fig. 3).

AMARE A 207t whE o5 (F4 20~60 cm/sec)
O Az (YAR7] 5~15cm) viErol| AAlstg ot 1HAY o]
< 3FALE =9 AR (FH 0~20cm/sce)d] & E= 2
= vleh(dAEA7] 10~40cm)o]] 22 A A8le] Zpo]E BT,

2. AH|

4RE 12¥9 5 BT Asdst o - 7 FEEE T

1958 549, 1195E 129714 770 4o itk (Table 1). ©]
717t SOl A" GAL 70170A], =R 51470A 2 A8l (5
)= 07322 Yeht oF - = 74 el Fog ZolE B
o] 1:10] op gt (x>=28.78, P<0.05). Y=L 293} 11
4 1290] Fogk &Fo]E BolA] grol 1:10]9] ot (x’<3.84,
P>005), 1937} 39, 49, 592 23t 2po]& B 1:19]
oY gtk (x> >3.84, P<0.05).
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H3te 2ARHITh(Fig. 4). GRS 1952 H 49717 A&
A&E7t 20% olFollen Y Frtshe AegS Kotk
7} 4ol 232+£5.02%2 FHE EATh AT SYof| 84+
341% F2A3| Zr2st1 o)|& §Y7FRA] 22X 7haste] 899
27+034%2 ZHAXE BTt o]F ThA]| AR MG == F
A3 Z715te] 109890 13.4+0.90%, 1299 184+191%=
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Fig. 4. Change in temperature and gonadosomatic index (GSI) of

Orthrias toni in the Buk Stream, Goseong-gun, Gangwon-do, Korea,

from January to December, 2013. Air temperature data were obtained
from WAMIS (2013).

F7hekTh A& 195 E 49714 12% olde= %o
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047%S BPT 9LEE 1297HA= 13% oldoa =gt
s AL Aeert 43 gasts J 6d] A
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Table 2. Gonadosomatic index, fecundity and matured egg diameter of Orthrias toni by age in the Buk Stream, Goseong-gun, Gangwon-do,

Korea, from fish collected in March and April, 2013.

Age
1+ 2+ 3+ 4+ < Total

Total length (mm) 60~81 82~99 100~119 120~140 -
Number of individuals* 9 13 21 5 48
Body weight (g) 32+0.63 5.6+1.28 9.1+£1.30 18.8+4.43 80x4.71
Gonadosomatic index of female (%) 9.7£2.68 18.6+5.88 20.3+£6.45 274x474 18.6+£7.31
Fecundity 955+451 2,863+1,294 5,342+1,983 11,211 +£2,546 4460+3,302

. 0.85+0.03 0.88+0.01 0.86+0.02 0.88+0.03 0.87+0.03

sk

Matured egg diameter (mm) (n=6) (n=>5) (n=6) (n=3) (n=20)

*Data from sample collected in March and April; **Data from sample collected only in April. ‘n’ is the number of individuals examined.

955:+4517}, 21848 2,863%120470, 394 53424198370, 4
YA oA} 1121142546702 AP o] ol WA Edtbs F
23] Z71stga AR L 4.460+3 3027040} (Fig. 5). 4
4o Aade A9 gsEol e 7= AT A
glo] #Ye 712 FF 087003 mmgich. 58] wHR
Huge sNen BRgagon 7 dd geRt A

o] ATt

L]

i

u|ftE]ok& (Cobitoidei) o= & Ex= &of wat 553 4
Holge Mol AO2 Feid glid), uFea (Cobitidac)
oF gREo] A 7FEX=u]o] ZA W (lamina circularis)
o ehta BEHez WY 27l glel P30l FARG
= 3L Ho]H (Kim and Park, 2007; Kim, 2009; Kottelat,
2012), 7157 Cobitis 17 FES A7) HE2 A
o] whiof A& olg o] Yehdth(Kim and Jeong, 1988; Kim
et al., 2006; Ko, 2009). T3 Z7|| 7} (Balitoridae)2] 2&u|iLz]
Lefua costata FAE T /Mo AL HALeZFo] veht} oA}
FHEEHH(Kim and Park, 2007). 28y £ Orthrias toni®)
YHo|GE 2A A3t Ad7le] SR ol 40| BT
A olgle BT AHolgol VAR Ykth EF o - 5
o] AR AAe gt HHolF ellch(Fig. 2). 24
Barbatula barbatula®™ AT} AL AAlo]| £ =}o]7}
Ao 2 H3F v} It} (Vinyoles et al., 2010).

ZY AH) (/)= 0.732.2 ¢7lo] =7 v|3)] §2
A Wkt (Table 1), 22 49 dIEFH 0. nudus= 0.98
(Byeon, 2010), ¥Hl| AA|3l+= B. barbatula® 1.09 (Erés,
2000 ¢ - % Ffol7h gglch. 2E m T o] S3ke
Yuiet vt o] 79 Aul= ZEI Tksookimia koreensis
0.74 (Kim, 1978), %7 I. longicorpa 0.65 (Kim and Ko,
2005), 5970 1. pacifica 0.63 (Ko and Won, 2016), 51571
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Fig. 5. Fecundity of Orthrias toni by total length and age in the Buk
Stream, Goseong-gun, Gangwon-do, Korea from fish collected in
March and April, 2013.

1. yongdokensis 0.69 (Ko et al., 2016), &Z7N C. nalbanti
0.65 (Ko and Park, 2011), ]2 u]|FL2] Koreocobitis rotundicau-
data 0.78 (Byeon, 2007), 5=~0| 48] Kichulchoia multifasciata
0.73 (Chong, 1986) 5 t7} 0.6~0.8 Alo]| 2 UEH} E F3}
AT

MY AEL =20l 10°C o]} He 4¥5H 108714
S st ey =20] 10°C o|skel 11EFH o|F3f 3¢7t
A= A ARE SHAl ot ol=T € AR F71= oln
B3E S R ol R 5 BEA, BHEA, BIE
M, &FN C. tetralineata, dEFN, 71557 C. hankugensis
S v 3 §AFHTH(Kim and Ko, 2005; Kim et al., 2006;
Ko, 2009; Ko and Park, 2011; Ko and Won, 2016; Ko et al.,
2016).

APe YEz APNELELE 2Ast] 2T A3t 4
A8 7IEo R 1AL A% 60~81 mm, T 218482 82~99
mm, Tk 39AY-E 100~119 mm, Tk 434 ©o]4-2 120~140 mm
2 235900, 4P Yol Hah 457 QPzo] B
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Table 3. Comparison of total length by age in spawning season of the stone loach

Total length (mm) by age
Species Reference
1+ 2+ 3+ 4+ 5+
Orthrias toni 60~81 82~99 100~119 120~140 Present study
O. nudus 58~99 100~120 Byeon, 2010
Barbatula barbatula 51~53 75~T77 91 104 Eros, 2001
Metaschistura cristata 49 83 102 109 Smyly, 1955
46 72 89 101 112 Sauvonsaari, 1971
65 93 103 Mills et al., 1983
Table 4. Comparison of egg size and fecundity of Balitoridae and Cobitidae in Korea
Species Egg size Fecundity Reference
Balitoridae Orthrias toni 0.87+£0.03 4,460 £330 Present study
O. nudus 0.75+£0.04 4,119+2416 Byeon, 2010
Iksookimia yongdokensis 145+0.03 2,292+618 Ko et al.,2016
I. koreensis 1.10£0.08 1,138 £431 Kim, 1978
1. pumila 1.35+0.08 328+203 Kim and Lee, 1984
1. longicorpa 1.32+0.12 2,402+944 Kim and Ko, 2005
1. hugowolfeldi 1.30+0.07 1,933+530 Choi, 2003; Park, 2016
1. pacifica 1.11£0.04 2,503 +1,337 Ko and Won, 2016
Cobitis hankugensis 0.98+0.05 2,783 +£1,543 Ko, 2009
Cobitidae C. lutheri 1.09+0.02 1,127 £453 Ko and Park, 2011
C. tetralineata 0.98+0.10 1,288 £583 Kim et al., 2006
Koreocobitis rotundicaudata 1.18+0.09 1,365+720 Byeon, 2007
K. naktongensis 0.87+0.05 22,643 +4.629 Hong et al., 2011
Kichulchoia brevifasciata 1.46+0.07 69 £35 Ko and Bang, 2014
K. multifasciata 1.78+£0.06 820207 Chong, 1986
Misgurnus anguillicaudatus 1.1 16,430~40,000 Uchida, 1939
M. mizolepis 1.12 8.,500~13,500 Kim et al., 1987; 1992
ZAE U o] A= o] A3 otrbu] F7 (operculae)] ol A7 = 2 ZolE HiH

AgoR £A4H

barbatula®] 47 AH < (Eros, 2001)3} H] 22
gk S-katel] A4lst=

ZHAF Metaschistura cristata®] 3~57] A
< (Smyly, 1955; Sauvonsaari, 1971; Mills et al., 1983), B.
SAT 3
S2hE Aol 249 A%
o8 Yeht= Ao R B ZpolE E ¢t (Byeon, 2010)

o 4,460 330270, A&
o = #(4 119+24167))94=
Aol 371075
olglat Eekse} o
(Table 4), T =

0.04 mm)=

2 37]% 0.87+£0.03

St o

EZNET Z Ho|Qt}.
A et o Teln ojget ulmaky
= dEAFu]E] (Hong et al., 2011)&} O]

(Table 3). 2] Misgurnus anguillicaudatus (Uchida, 1939), 1| FL2t] M.
ZMY AAAASEE AR o] 9YRY F435 Wt mizolepis (Kim et al., 1992)111]-‘_ LS Ho|got 11 99
o YF71l 20% }‘-’F]'W}X] s T 3~4Y] AL B TEETE= U2 Ho|gla, A2 v e} B R A9kt

< 599 ZF4aste] (Fig. 4), 9% 537 2 B. barbatula
AR 602 Folg

o SA AHFAE MO

t}(Byeon, 2010; Vinyoles et al., 2010). Syt v 2|7} o
7 FolA Ferfes EE5717HA A4S
AR Thal B o] A2
FAFsFE A9k (Chong, 1986; Kim and Yang,
N& olfe %57]77“] *g’ilj\ 2

A R 5~68o] 4
717k 253w
2016), FEM% 9 7185

NI A S
S

St 5% v|Rte g Wohrh o 43 4%
79 0] AFtshe] (Kim, 1978; Kim and Lee, 1984; Kim and Ko,
2005; Kim et al., 2006; Ko, 2009; Ko and Park, 2011; Ko and
Won, 2016; Ko et al., 2016) & £3} A F7|7} A< vid] 73

B of wma ERsty okt HAAE AN uTes oot
ol Mgt
=7} 20% ©]
27 @ Are
2 o
T 6YEE AT AT BANA 290 Orthrias tonid] FBAE =

Abstel HEIA B4 wEATh AL S20] 10°C o4 5
L 4% E 10971 B3Ot 520 10°C o5}l 1195
o5 3WHAE A WEYth AP APUEHEES



ol 59E 71222 A% 60~81 mmE T 1A,
gk 21348, 100~119 mm= 9 3348, 120~140
mm T 48R ojFo s AT AR A AFE
A% U= AY FYstEL, AHl(d/ )= 07322 &H 9]
JA 252 (GSDE 4% 21 590
oo, olm2 ¢ 2 14~1 7°c°ﬂu} AMAL RE dlo] A
= 943 F7he
Bt 4,46013,3027]1‘21‘:}- *éw%-l A7 AR AdHlol
A7 0.8720.03mm=ZE H|3} KT},
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