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Spawning Behavior and Characteristics of Siberian Stone Loach, Barbatula nuda (Nemacheilidae) in
Sangcheoncheon Stream, a Tributary of Bukhangang River, Korea by Yeong-Ho Kwak, Jeong Bae Kim and
Ha-Yoon Song™ (Inland Fisheries Research Institute, National Institute of Fisheries Science, Geumsan 32762, Republic of

Korea)

ABSTRACT

In order to identify the spawning characteristics of Barbatula nuda, seven surveys were

conducted from March to May 2021 in the Sangcheoncheon Stream, a tributary of the Bukhangang
River, Korea. During the survey period, 890 individuals were collected, and the sex ratio of female to
male was 1:1.34. B. nuda spawned 15 March to 24 April, when temperature was 12~15.7°C. Total
length of the individual with minimum maturity was 56.7 mm, and it was a 1-year-old. Spawning was
observed from individuals with a total length of 80.5 mm more, and it was 2-year-old. The total length
at 50% group maturity was 67.2 mm. As a result of injecting 10 IlU/g of HCG hormone into B. nuda,
about 15 hours later, spawning behavior in which the male wrapped around the body of the female
in a circle was observed. After spawning, females and males rested, and fertilized eggs were feed by

individuals not participating in spawning.
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F 2 AZ 5 35AA YR Qule P RS B 101
TS It B3 AFRA7|E $ J5t7] A APE
AR BEHE qdtste] &3] W& % Sero g gl
SR, R EHE VSR Ak A ¢!
H &2 AFHA71E 45T A4 7HX1]E—J AHE S5
{3l € (3~59) =2 AT MATS AP =EZH (Ricker,
1971) 0.2 EA|3}35k0 AFIA]7)¢] 498 7|20 8 dae =24
sttt A<= (Group maturity)= EZeHsle] X7} Hutst
A2} wet AA 212704 & PFLZ 50%, 100% A 7Hs
gt A% (Total length, mm)& F43t9 o™ AAAFL 5 mm
@92 FESHHT 2228 WA (King, 2013)F ARl 5
gst4ict.
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Fig. 1. Survey site of Barbatula nuda in Sangcheoncheon Stream, Korea. GPS coordinate: 37°46'1 .48"N, 127°26'53.31"E.
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1. MAIX| 842

ST MR &7 47t Mol EA8t= Aa-Bb
Fejo] shHoR ZAXA] 3FEL2 39 m, &2 15mY L,
AL 02~03 mZ H|XF Wokth HF $45S 0.23+0.03
(0.19~0.26) m/sQ 1 HAFTRE ROFE (Pebble)T} F2E
(Cobble)o] & o]F1 QIglth(Table 1). 34%L 61} 10%0]
EE5AL ST HEARLH, 2EFY 50%7F ILRE0]
Ath(Table 2). A7 BA] RRE HEF7H= = (Boulder) ¥}
A2E Aolof| o] ok A5k )it

2. G| R AEA]T|

AA 22717 B HESA 8907HAI7F AR E e <k
Z 38070A, =2 5107HA = AdH] (/)& 1.342 1:10] of
Udth(P<0.05). R 24K 39 5%0& 4] ARG ¢
2 Bo] APHUeY FAXNLE FoSHA] §A3ThHP>0.05).
39 15UFH 49 1397H4] 43] 2AMOA 310] dAEY @
o] Y=gl om 39 23U AlQlsta FAZSE {5t
(P<0.05). 49 249 2APAE Aol FAET Wol R H
dom FARSE Ot en (P<0.05), HFAEE 2AR] 54
9o 7o) YRET tha WYAN FAXN L= FoehA] &
4THP>0.05) (Table 3).

39 5ol AFE R F ZHS 37MA o e BReEF A
o gato] TEE QT 39 150 ARE AL T7%olA A
& o] TEE o] 39 FEHH Alto] AREE AE FHT
T Aen o] A7]19 22 12.0°CHth 349 23% = A
= R 41.3%7F A, 49 3Yo)|E= 452%, 49 139
o= 66%0 A AFtrEA o] TAESGITH 44 24U ol= AYE
A9] 91.7%7F AFFStAL 59 9¥o AR dASLE BF 4
o] T BEIL Hlo] AU YR Tpstho] ZEusitt 49
139 0|32 JPFE MAZES WA BAEE Aol Ye
on, TAHOE QEFTNY At 39 15¢~44 24U T
AR o] A|7]19] 228 12.0~15.7°CE UEFtH(Fig. 2).

Table 1. Environmental characteristics of the survey site in Sangcheoncheon Stream, Korea

Stream Water Water Water Stream Bottom substratum (%)*
width (m) width (m) depth (m) velocity (m/s) type ¢
. 0.23+£0.03 M S G P c B
Sit 39 15 0.2~0.3 Aa-Bb
e (0.19~0.26) : - - 20 40 30 10

*M: Mud (~0.1 mm), S: Sand (0.1~2 mm), G: Gravel (2~16 mm), P: Pebble (16~64 mm), C: Cobble (64~256 mm), B: Boulder (>256 mm) by Cummins (1962)

Table 2. List of sympatric species that appeared in the survey site in Sangcheoncheon Stream, Korea

Family Species Frequency* Remarks**
Cyprinidae Pungtungia herzi ++
Coreoleuciscus splendidus + Ke
Rhynchocypris oxycephalus +++
Cobitidae Misgurnus anguillicaudatus +
Koreocobitis rotundicaudata + Ke
lksookimia koreensis ++ Ke
Nemacheilidae Barbatula nuda +++
Siluridae Silurus microdorsalis + Ke
Amblycipitidae Liobagrus andersoni + Ke
Gobiidae Rhinogobius brunneus +

*+4: <10, ++:10~50, +++: > 50; **Ke: Korean endemic species



Table 3. The sex ratio of Barbatula nuda in Sangcheoncheon Stream,
Korea, from March to May

Sex ratio 2%
Month D Femal Mal Total
on ay emale ale ota (F19)
5 34 22 56 0.65 2.57
March 15 43 98 141 2.28 21.45%*
23 65 82 147 1.26 1.97
3 73 134 207 1.84 17.98%*
April 13 47 74 121 1.57 6.02%*
24 85 54 139 0.64 6.91%*
May 9 33 46 79 1.39 2.14
Total 380 510 890 1.34 18.99*

#P<0.05, The critical value for %* 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. Changes in spawning frequency of females Barbatula nuda and
water temperature in Sangcheoncheon Stream, Korea, during survey
periods.

w

o8 H 2dsE

AN 48S TEoR AR 2N GRS AR
50~58 mm7} 9 1dAY, 70~99 mm7} T 234, 100~124 mm
AAE @ 3R ooz 2 $AE A 76~101
mm7} T 2384, 102~124 mm 7JA= 9 3FA oo 2 4
Hgon], /4 e FUNES R W 2d4 AAE V1R
2 98 HUghe B w o smm AE $300] 4R
o] 2 RO Uehyith(Fig. 3).

ARA7| R 2AEE 395 48e] AT FAS Ak
2 A ZASE W& 7 2% A% 55.5mm o3t
A A% AL 2R BokTh Ha A4S ARE A%
56.7 mm LrEhgon] BRept A gste] Eeiugich A
2} 70.5~75.5 mmol A 75%, 75.5~80.5 mmoll A 94.7%2] A<

30
March
20
10
0 e - T
10 20 30 40 50 60 70 8 130
10
20 -
30 4
40
40
April 2+ Female
- —>
301 (n=205)
12}
= 204
=
=)
=10 A
2
£
© 110 120 13
g 10 A
£ =
5 904 3+<
Z
30 A
40 - «—— s Male
2+ (n=262)
50
10
g | May Female
6_
4
2
0 T
, 0 10
4
6
8_
10 4

Total length (mm)

Fig. 3. Distribution of total length frequency for Barbatula nuda in
Sangcheoncheon Stream, Korea.
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Fig. 5. Schematic diagram of main spawning behavior of Barbatula nuda in tank (A: approaching and beat, B: vertical swimming and competi-

tion (body pushing), C: chase and swimming side by side, D: mutual circling,

E: spawning (surface of water), F: separation and rest).
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SN AHEAL 9 Ao BRI A7 FE6
Z kel 2o u]REAbat (Cobitoidea)oll &3t ml ]zt
(Cobitidae)E Z3}ste] =05t¢ich. YWt o2 o] 79| Jul=
1:12 &#A QAT (Patimar ef al., 2011a), ¥ Lo A Akst
A7) QBEAN e Fule 1348 S=A0] o] vla] woroem,
ol2H9 tEF7 AdHl 0983 Z}o)7} AT (Byeon, 2010).
Z2 39 £7Y B. toniw= 0.73, B0 L. costata’= 0.792
=1 9] Au|7t 248192 ™ (Ko, 2017; Kim er al., 2021), 1]
T Tl FWEI Iksookimia yongdokensis 0.69, B I.
pacifica 0.63, AEE7 Cobitis lutheri 0.78 SoA= FH <
W&ol fof 23l0] ol Lk ¥ @79t ol F kKo
and Park, 2011; Ko and Won, 2016; Ko et al., 2016). 11 C.
wreica'= 162¢] U Wol B @76k SAPA S30] 94
3t Au]E B¢tk (Kirankaya and Ekmekgi, 2014). o|23t B+t
HE Y el 4o AEA Ash A, T,
Ao e It P59 o] 5o] ¢ A ATk (Bohlen and
Ritterbusch, 2000). Y& £ Algto] HEst 73S 2o} o] F
Stof Al7ls BAREA 7|9 B7HA 237 thA) ek
(Morii et al., 2022), TAE2] C. taenia®| A= A=A 7] o]
go] ¥l 7l vh Uk (Saitoh, 1990). AFHAI7] HEF7H €] 4]
= A0 SAIRE QHIE B JiAIEe] & Folu & ofel
/38t A7) wiZel Atgtol] Frold AAZESol A
33t 34 2ol moJE Aoz wolth B ALY AH|
A7)0 =7t Abebaol| A 9] Adu]o]7] wiZe, ThE A
71| & o|et fAREtA] £7HAQ1 A+7F Dasiha AyZhEct
Wacker et al. (2013)-2 48]7} HaFE AL 4AHds Al Al
e QS AR A3 Aol yepdtha st & F
T ARRA7] Au|7E 300 HEFE o] Slo] AR AAtEE Al
FA7E Aol A3 A= AFE T
FAAREY AFRIA = BE 29 Al o 3=
(Aoyama and Sato, 2008; Pankhurst and Munday, 2011), &<
Folgte |2 F Zolof wE 9] HFtE AtA|7]o 2po]
7} 4= Utk (Paumier et al., 2019). LHtA o 2 O FF7) 2] At
A7) = 4~592 G A QoY (Kim et al., 2005; Chae et al.,
2019), & ATA MY HEFM= 349 158004 44 24
A Apolof Agto] ERlE|o] 7]&2] A Ao vl HME AS
2 U ol2H 53S9 A7 (4~69)2te Aol 7}
USATH(Byeon, 2010). 0|27t Aoz FHHo] EHET
Zof fJAIste] po] U it Yelow Azteh E3] A
TS v EEIH AAY H&o] 50%E de Al71= 44 13
UZ, o] A7] =AY ASH F3 Aol 7P wol TEE S
t}. Bohlen (2008b) o]2|gt F3l A=t Atddsol o5 2
=2 A AR717E 245k dl AHEE = Aok K

i 4

for oo
<
By o

ESIHO| AtEMT MHAHT 25
ok webd A dESY F AT = 492 FEEHS
ok ARAY dEFME 22 1 F(5Y), Bl (5~8
), B. barbatula (5~68)XEt} AFEA| 7|71 W5k O ™ B. oreas
(3~79), L. tokaiensis (3~69), L. nikkonis (3~9¥)+= A=)
Al & FARSE oY 717kl A ZfolE E itk (Skryabin, 1993;
Aoyama and Sato, 2008; Ko, 2017; Hatakeyama and Kitano,
2018; Tto et al., 2019; Han and Ko, 2022). =3}t B. barbatula~=
T AFAZIE AQJstar A7 gFS0) 8~1090f Atk AA
3 E4o] 9lo] (Skryabin, 1993), 3F HEZAE 3 AletA|
718 ALt At RS 57| Al o] Abt7|et AL
A= 7Rl F7HARQ 2AE 283 Aos wokE

2 AN gESA o 198 MAES 25 E35%U=
o, A=t iAIE0l 2 e 54 S ASHLE 2AH
7] o2 Abeho] FofshA] 2 T 19 AAIESe] Bl
A A Qe Aoz Atz B3 U 1WA AASS /5
o] W21l f4fo] 2 Lol ARt FlE o] vk 2134 o4 A
S Ao FREE B B, APl wt A4
oA ZpolE Hol= FMe AT A}t fAFSHIT (Jeon
and Ko, 2021). Byeon (2010) o]&% thEFH2 A% 58~99
mmE T 134, A% 100 mm o442 7t 2dA o= FAs}o
£ At Aot Zolzt Ygleh. EE Kim (1997)2 &4
A% 80~100 mm+= FF 134, ¥ 2848 A 120 mm7HA] /3
kol F45ko] Byeon (2010)9] A A3} FARSFEAITE
T rdges 2AE ARESY A7 "l Zolzt AT
Byeon (2010)2 Z7% 80 mm ©|3} /AHEE T 1WA 2 X
st AN ARS7 Hol wh 1dAE W 2 7+ 4
AZE EsHA LrehA] gpok A7) 92 Hols A4 80mm
olat AT T 194, A% 80 mm o4 AASL T 294
ARZo 2 ARE Ko 20177 F709) A% & 19430]
60~81 mm, T 2 30| 82~99 mm, T 3FAY o] 100~119 mm,
Tk 43480 120~140 mm=Z 333 v} ik B A Ay o]
o} gAIg o0 ARk7to] AL B Fo| S43 AYHER
oz 248 1A B 20U AFTZ Kol 17l
a2 1 B d7el A 50~58mm AASL B 1dgo =
AE . Ha Hs A A 567 mm= T 1A A
Agom, g 23 el AgsHe A4 80.5 mm o4 AR EE m
E MAZE Agdtel 47 o 194 A7 F&star v 294
olZ A7t F= Abgto] Froish= B. barbatula®t AL
™ (Skryabin, 1993; Vinyoles et al., 2010), 2% 81 mm ©]4} 7}
AFE 100% ‘84 /d<°] Uehd Byeon (2010)9] A+ 21}
AT & ATl ASAFE 71E A5 At A
Ui ARG AFS AolE Hol|BR, o4, H5, ASFE
AP FES &8 A" F7F A7 2T

SN A= 23} S B2E AL 1547
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Fig. 6. Comparison of difference in sexual dimorphism and spawning behavior of 3 genus male fishes Barbatula (Present study), Sabanejewia
(Bohlen, 2008a), Cobitis/Koreocobitis (Halacka et al., 2010; Hong et al., 2021) during spawning period. Each A shows the morphology of male fish
and Characteristics of sexual dimorphism in males were indicated by black arrow. Each B show the specific spawning behavior of allied species.

Table 4. Comparison of spawning characteristics among Barbatula nuda and allied species

Spawning Spawnin Spawnin, Spawning Spawnin;
Family Species temperature pa & pawning P g Spawming References
©0) time behavior frequency  position
Barbatula nuda 15+1 Morning ~ O-shape (total)  Multiple Surface  Present study
Nemacheilidae B. oreas 10.2~18.5 - - - - Hatakeyama and Kitano, 2018
B. barbatula 6~12 Morning - Multiple - Skryabin, 1993
Sabanejewia vallachica Morning  V-shape Multiple Surface  Bohlen, 2008a
Cobitidae Cobitis choii 25+0.5 Morning  O-shape (part)  Multiple Surface  Lee, 2009
Koreocobitis naktongensis 21+1 Night O-shape (part) ~ Multiple Surface  Hong et al., 2021

o|FojFon ATHFLL [5+1°CE B. oreas$t FABIFA

2009; Hong et al., 2021). AFA3P5-2 1~2704|19] =3l0] A4A

9, B. barbatula®tF =9k1 0|27 C. choii, 2 0|
2] Koreocobitis naktongensis R th= 2T} (Table 4). T3 A
2 olF thEEA) YT R fgol AZEAT ool At
235}ty B. barbatula, Sabanejewia vallachica, B EE 719} G-A
AR S| H| Y = o Atste 5 Foll whEk Al
A7boll A zFo]E E $th(Skryabin, 1993; Bohlen, 2008a; Lee,

IMAE A=t FA KAt 14X 27} 112 4
o] o]RojFom, =72 B3] FA $A FHHo|A] ¢
I A HE FA3IA] Lot Corydoras aeneus 57312] AFHdls
T §AS A3 R HTH(Kohda er al., 2002). Yukd o & n L
27| ArtaE-2 dFlo] F9stH 170A o] 30| FHup

23 g7 o S70] $Ae BE Hot Alvto] ool



g (Bohlen, 20082), /1] tiFF7= o|<t ARSIt 1
G} ARFAH 24F 7 S5 Holh eiet. RS
e 2300 4R B HAS F2A T W vz o)
33N, dEAED = gAY & 4RE T4 AU S,
vallachica'= 570 4A9 B2 VA FHIZ = 59| Ao
7} 9191t} (Table 4, Fig. 6B). Bohlen (20082)2 Sabanejewia
& 700] AR Al BAE olgajo] BT WA 9] )
o) e B 27] olrk Lehba] Gh3S W bt 9)
=, EFHe Aol 2 Fojste vt 234 aFoA &
So] QAR R T 2 AFo] ke ol 270
&

}

t

Ao & AAE A= AREALLE Qg ZACE Btk &
A oA Yetvds ARSI S. vallachica
BEoH mE v 9o o|g SASFATH Bohlen,
2008a), HFF7H9 Atsle= 23] wzte o] thalikgt F9
5 5 AL olet 22 B2 TN} v tejae] &
Fo| A B1E H} 1tk (Skryabin, 1993; Bohlen, 2008a; Lee,
2009; Hong ef al., 2021). Y802 o]Fo] WA BE
= & H (guarders), & 3}A] &= FH| (nonguarders), E=
e (bearers) 522 FEE =14 (Balon, 1975; Balon, 1984),
QEINE AT & 588 ¢ B3 P& Ho|A| gof u|m
SN, MR, S. vallachica®t 2 WA HZFS 2Y
T} (Bohlen, 2008a; Lee, 2009; Hong et al., 2021). =3+ =4
< A Zof B 71 AHAS I PR
o, A7) gE5A7F Ads FAsL e AAA s
= & o AAAE Al AR ARl 5o s A A
I & W FaH Aoz FAEII o] 23t A4S 1)
27, dENZ0|1Y, S. vallachica®} A5G L (Bohlen,
2008a; Lee, 2009; Hong et al., 2021), JAAZHEH &S S
517] 9J8f ol &5 F= L. nikkonis, el BalE0]
A= L. sp., & Sl AAKSk= L. tokaiensis 5 Lefuas; ©]
Fo= Zo|E HEHrH(Aoyama and Baba, 2005; Aoyama and
Sato, 2008; Asaka and Uchiyama, 2017).
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Ut B PFRE ARSE But ol dig 9 At
HPFI 22 FHo] Utk (Viadykov, 1935; Purdom, 1992;
Plongsesthee et al., 2012). €822 EF/ RS A
I 2 A AEA 7)o w2 FHT 7R julof] o] E
o] yehdtty B35 o] Q= (Kim ef al., 2005; Chae et
al.,2019), & A7 Q55N +AL v Gy} 7HEA =
o] gk ofy2}t ASH = o] Uebth(Fig. 6A). E3F o
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