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Spawning Ecology of Sarcocheilichthys variegatus wakiyae (Cyprinidae) in Jicheon Stream, Korea by Ji-
Wang Jang and Hwa-Keun Byeon™ (Department of Biology Education, Seowon University, Chungju 28674, Republic of

Korea)

ABSTRACT

The study on the spawning ecology of Sarcocheilichthys variegatus wakiyae at Jicheon

stream, Korea was investigated from March 2016 to February, 2017. The sex ratio of male to female
was 1:0.97 and there was no significant difference. The spawning season was from the end of April to
the mid-July, and the peak of spawning period was from the beginning of May to the end of June. The
average water temperature at this time was 18°C. According to frequency analysis of total length, it is
presumed that the group with a total length of less than 51~70 mm was one year old, the 71~100 mm
was two years old, and the group over 101 mm was three years old. They sexually matured when they
were over two years. The average number of eggs in the ovaries was estimated as 428 +194 per ma-
tured female. The mature eggs were yellowish, oval, and had a mean diameter of 2.38+0.25mm and a

short diameter of 1.98 +0.20 mm.
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M B

35117 (Sarcocheilichthys variegatus wakiyae)+= o] &
(Cypriniformes) % ]2} (Cyprinidae) Z 2] %]} (Gobioni-
nae) $L7|45 (Sarcocheilichthys)?] 28 @407 2 HHI:
TgFolm Aslsh HalZ B2L e sHol A4A o] A
NSm 24 TE, 2T L AP 5 F2 Uk Ao
2 &3 A 9tk (Kim and Lee, 1984; Kim, 1997; Kim and Park,
2012). 11714 o]FL= 3Ht=9} B ol 27 (Amur river)
8 F30]% (Songkoi river)dl| °|2= T} HIEH F
ofAlo} Aot £EEIL, 2 7O F - 5lFe T4 7\1
Nsjol 54 233} ohgiREe] RAAE 47180} 2RE
4415} (Banarescu and Nalbant, 1973; Luo et al., 1977; Yue,
1998) AA7HA] 12%& W7t &#A )tk (Nelson ef al., 2016).

*Corresponding author: Hwa-Keun Byeon Tel: 82-43-299-8405,
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shukzo] A 71#4 olfE FE17I% F17] (.
nigripinnis morii), 2% 317] (S. nigripinnis czerskii) 5 3%
o el g, BHEnAE AN |Bez Hof o
E7H} 1 o] B9 ~dof EEZ3cH(Kim and Lee, 1984; Kim,
1997; Kim and Park, 2012). &%117]& Atgt A|7]o] gr}Fo}
T} (Acheilognathinae) o157} Zro] ElM o] Lpepb, T4t
oluj ] (bivalves)E AtsH&F2 4ol AYof At 3te] 4
Adi} Rpo]E QR ZHE K S 3)= o]t} (Nakamura, 1969;
Banarescu and Nalbant, 1973; Luo et al., 1977; Zhang et al.,
2008; Kitamura, 2011; Yan et al., 2012). AR\ 7}A] dtutzof &

A gt offslo] ARtels ol RE YAl 1457 %
1714 3% ZF8tA F 17%°] ¢#A 91tk (Kim and Park,
2012). @A7HA] Floll Sa7]& o F o B A= L7
of At e gl 27] YEAF 54 (Kang er al., 2007), &
7 GHo) AASHE B9 AeERR) o) go] Bt
A (Kim et al., 2014), FF117] 9] ArgdEZAH1t ASEA
(Yoon, 2016) -] °o]FoA lont, Fofl thgt Auk2Ql A&l
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= + % U 2 3 edd
o2 gt LA A %ﬂ—%fz S FAFE A AFHE QL
gk geAk ojufja o] A4 W A Y g &2 AR A
d #aste] =9 7] oMF - AE AMAEH (Red
data book)9| =7HHMEE 7t A1 FAFNT) T2 A
AEATHNIBR, 2011). TehA] & A3e AF17|E tgige
2 AR B, AR 7], Y], Zekgel Yo 7], AR T
=9 A MubAQl AE A EAL 9 B 2o 3y =
A BHE 913 71 2ARE nhstaat g

re

Ty

B ATE FHYE Holz 24 gRelo] Rust 37
AR AH A 2016 3HFE 2017 297HA] w4 10~15
Aol HAIH A (Fig. 1). o179 AL FL(FE,7x7mm),
S (=, 5x5mm) 5= ARSI AR E 2RSS I
oA 10% formalin®l] A3}t o|detd 37 Q919 ZAL
feto] & o AAUES} MDY B FHYE Hoiz
L5322 (36°22'46.96"N, 126°50'48.30"E)o| A
G4, S4TE 59 BUY BHRAY 7L 52, 82
2~ (dissolved oxygen, DO), 7] H == (electrical conductiv-
ity EC), 20| 255 (pH) 59| 5313 8742918 274519
o #4242 AL REA (FP21)E AHESHY £45)
QL 3R+ Cummins (1962)0] A3t @AAol| A <2t
o BAYL 71 £29] ZH B4 AT LEAZ A}
43193, DO, EC, pHE= 2 =4 7] (LUTRON, WA-2017SD)

:L

B rlo £
2t
r_EL

R

£ o835t SAs o B E S i 10~15¢°) 14ME
7|&o2 ATt A S (Weight, W)T A4 49 BA] (Go-
nad weight, Gy AZAES 0] 8319 001 g 712 &%
3to] A2 4 ST A4 (Gonadosomatic index (%) = Gw/W X 100,
GSI)E‘ F3to] ARIAZ|E FAHE T Miller, 1986). A& o

st Aalo] 7Hsg H A (Total length) B e ZAHS
1-]0}0“] A& FHA7E 7P =2 2 4~590f AT N
A9 AAE 1/20 mm vernier calipersE AMHE-3F 0.01 mm7}k
A 2Rk Ed(clutch size) & ZAL87] Hstel A%
FUA7} P S 99 420) AP T2 F AL A
F7F 5.0% ©]/Fe] 3L A%l 70 mm °]”°1 157441 A= s}o]
o] S5 At g ¥ 72 1/20 mm vernier cali-
pers A3 001 7] S35 & B9l ARE 2
AP FEE st 4t 712 A== 5~6of AT A
WA 2] HA} (Total length)Z 1/20 mm vernier calipersS ARE-3}
o] 0.01 mm7HA] &% 3}% 3L, Peterson method (Bagenal, 1978)
o 9Jst AHAH=H3E (Total length frequence distribution)S
olg5tsic.

1. MAIX| &

=

ox

ARE BFast Fofo] 24 gxste 5749 A7
Q1 POtk & A (36°22'46.96"N, 126°50'48.30"E)>
AN AA AR FRA G &3t FA A 7oz 3}
£ 53~65m, &2 8~43mPom AFFEEQ Fu

7t AR UM stEAE F9& (riffle)? F o2 (run)
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Table 1. The environmental conditions at the studied station of the Jicheon stream, Chungcheongnam-do, Korea from March 2016 to February

2017
Stream width (m) Water width (m) Water depth (cm) Strez(inn]l /;/:clg)cny Stream type
53~65 8~43 30~140 0.2~1.6(0.5) Riffle, Pool, Run
Bottom structure (%)*
B C P G S
30 30 10 20 10

*Cummins (1962): B (boulder, >256 mm), C (cobble, 256~64 mm), P (pebble, 64~16 mm), G (gravel, 16~2mm), S (sand, 0.1~2 mm), M (mud, <0.1 mm)

40
—B— Air

35 —e—Water
30r
251
20t

15}

Temperature (°C)

10

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Month

16 1300
14}
1250
12t
=z 1200 =
=10} g
2 2
2 3 l1so £
2 E
= 6
S 1100 8
4 —— DO
2 —&—pH 150
—— CON
0

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Month

Fig. 2. Monthly changes of the air and water temperature, DO, EC (CON) and pH at the Jicheon stream, from March 2016 to February 2017.

2

HZ5HE L, Fea ofejoF A F R 4 (pool)7t B
o] $AlL 22~140 cmE HHF 47421 cmo| YL, §&L ¢
Foll whgt 02~1.6 m/sZ FH+ 0.5+0.3 m/so|lth. PR
H}4] (boulder, >256 mm), 2 & (cobble, 64~256 mm), =
¢F= (pebble, 16~64 mm), A& (gravel, 2~16 mm), &2j (sand,
0.1~2mm) S0 2 thoFslgon, &L 3:3:1:2: 18 8FY
oF FE4 vl&o] =UTH(Table 1).

20169 39EE 20179 297429 7] 231} 29 9 W3}
= Fig. 29+ 2t} 7123 28 199] 1°C7HA] Y7t A=
VeI 295 E 5°C o] 3o 2 @27 A&t 7|22 4
YHH 20°CE dol 89717 FE3] A5t Farel 35°Ce]
DRI, 2L 4~59 17~19°CE Kot} 64 EE 20°C
2 Ar53te] 8o 2119l 30°Ce] g3ttt o] % 7|23 &
2 9~10¥°] 20°CHE Eolthr} 11l 10°C7HA] W7t
1290 22 10°C ot & Ureyitt. o]} Zo] =23}
7] 2& durEl AdA @4 Ut §244 (D0)=
T~14mg/LE $=20] 15°C o]/4<l 545H 10€e] A& o=
worom 4220] 10°C o]k A (11~2¢¥)o] 12~14 mg/L
2 o I 69 =A UebdEd ols RAF Al H4]
Eo] tsF ASstaL glo] Fedol WE gAAH FFeR
RAZHETH $40] 2% % (pH)E 72~802 9 A2dE w3
7b 22 gskom o] 7o) Ao At M (6.0~9.00F U

[

fr

B gt A7| A E % (EC)E 179~269 umhos/cm o™ B4
226 umhos/cmZ -9 =A YEGT}H(Fig. 2).

oA =29 HMBt= o7 SFA7] B ARbAI7|9F
A IAE 7Y =4 2 759 S93 el wet
25 2Est=d (Ko, 2005) AH AAsts FFar|= &

olof wat BEE |3ttt £20] 17~264°CE &
3| Aot 4~7T8ol= $40] 30em e, #4542 08103
m/sec?] Bol&T B $£Alo] 60cm, $E5 FHF 0.6+0.1
m/sec?l &9 flotEo] T} AAEE= XA AALE
7F =% AgolAe 71 AR B bl 2 &
A=At E3 sHAFLE 2oFE, A9 H|Fo| wal H2Y
(Anodonta woodiana)®t A3 (Corbicula fluminea) 52 @4
Ab olmf s 5 9] A AH]&o] Tt =20] 21~30°C?I 8~
109 B¢ 0] 0cm, 42 Fet 02+0.1 m/sec®] &
oA F2 AE UL, s RE ZHY7L F5 o] F 0 gt
2 Eo| BEEg B39 11~3Y0] $L290] 10°C o]5}7}
W FF 540] 30cm W2 §&o] Hat 0.8+0.3 m/sec?]
Bol&9| M} uhg offjoll A F=2 EE I Kim (1997)2
F71& olfFol thst FFav)= F2 H2 stHolu A
Ao HAstL, Fa7]= Fol Al mefjutgat o] 7
2 S, f50] kgt Folu AR, =271 e XE A

SRR SEAT
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2. §¥old

2016¥ 3¥EE 20179 29714 wjd YRAE FFa17)
TS A A=A 4~7Eo) A o|F TN &
o] YePFI 8¢9 o] AlgHt AL oprtu] T2 Hef
25 BY¥ FEN FHE FEo] Y Fojxr BE A

N

ox. Mt

Lejnlt g Hof EalMo] Lehiic. AP dels &

o AUHEE @e AEMo|t Akl AEA o
#7 mgon, 250 Fuoz Ao eyt dAe =
£ Argnt F4L g3 72E gahslo] AgsA HA
Hog vre 2INE HYT 954 AMo] Agho] A%
9lt}. Kim and Lee (1984), Kim (1997), Kim and Park (2012)-&
A7) SRE BE ALenlo] §34< 51 ortu] £7
Hol Ae 43 YL 68 AsH EANS Huf F5o|
Fulo] mlagh F4o] LR, 4R 1) Aol et
+ Anet axstect

3. MH|

ZAL 717 T AL 34870A, G2 337AIE A=
1:0.97 (male : female)2 # 9] FYsHA Vet 1:19f 717k
]S 2 TH(Table 2). 4€0] 1:19] AB|E BHPom F7&
10~390] gAET g2 HA7F SdsL, dALS 4~9¢9
FRET g2 A7 2@ 22 7145 S, nigri-
pinnis= 7 (n=223)T 4FH (n=129)2] AH]7} 1:0.58 (male
:female), S. parvus 2 (n=117)T AZ (n=103)¢] 8|7}
1:0.88(male : female) (Xu, 2012)2 & £33} Zro] 70| 4A
ok getoL} Al Fo nie Be Aol Hrh. . sinen-
sis sinensis= T2 (n=329)T LA (n=342)2] AdH|7} 0.96: 1

30
Male (n=77)

25

20
10 I
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5

W

Total length (mm)

(male : female)2 ¥H o] AR Woko}t Ju|= FASHAR
o} (Song and Ma, 1994).

4. MEE 2 HAHZH

A% 4719 5~680) AU AR AL 25k} Peter
son method (Bagenal, 1978)]] ©]3t %8 =5 3 (Total length
frequence distribution)S ©]-&3to] A=} AHLS FA3S
o AR (=99)9] A% W 9l= 53.85~119.50 mmo] 3L,
=779 A% ML 51.45~127.90 mmo] At A
EL gt ol 2 Aot geten e Rale ol
A%l 51~70 mme] A2 Tk 134, 71~100 mme] 3
T 294, 101 mm oA Tk 3dA o2 2HE T (Fig. 3).
Kim (1997)& % 134 A% 50mm F %, 29 A2 80 mm 3

XN KA
fo & Mz »t

Table 2. The number of sex ratio of Sarcocheilichthys variegatus
wakiyae in the Jicheon stream

Year Month Male Female
2016 Mar. 40 28
Apr. 32 32
May 36 47
Jun. 41 52
Jul. 37 32
Aug. 38 42
Sep. 18 23
Oct. 25 16
Nowv. 23 18
Dec. 22 18
2017 Jan. 12 15
Feb. 24 14
Total No. 348 337
Sex ratio 1 0.97
40
Female (n=99)
35
30
2
3 25
2
=)
=1
< 20
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10
5
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Total length (mm)

Fig. 3. Length frequency distributions of Sarcocheilichthys variegatus wakiyae in the Jicheon stream.
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Fig. 4. Change of gonadosomatic index with increasing of body length of Sarcocheilichthys variegatus wakiyae in the Jicheon stream.

=, 39482 100mm el 2 sk Aoz FAstgon, 2
Qo) Aol Weleh AT, Dol AASE S. varie-
gatus variegatus= 9 130 mm7tA] A&, 9k 19
70 mm, 3 28] 70~100 mm, ¥+ 3¢l 100 mm ©|4F
= Ao Z &8 A 9t (Kawanabe and Mizuno, 1995).
71 S.variegatus variegatus®} ARG AR =S BT}
Qingyi Stream®|| A 2&|3}= S. nigripinnis, S. parvus= B|&
AE B4 B8l 419 d¥FE LR Balsto] (Xu, 2012) thAa
ZpolE K.

~

[

1A

> oXx
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il
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kd
N
1o
ox
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ox
A
e
o,
pa

| A7V A S &9
7] 8l AFEAI7] S A A FFAS(GSDY BHEATT =

o2 ARG AgE A
& FFATE HwsHgh AL FFATE dH0=79)°]

= 7NAA Ad<sido] gl E]
AL A (n=68) 03~2.1% 2™ 0.7% o]4o] Holof &
&7F Awste] EQME Ha 4o yEhgth A7 Al
7ol Weoj= 9470l 60.1~100.7 mm, 3 0] 61.6~105.8 mm
2 Yeh oF - o A Zol7F 60 mm o] o] i A& F
FAL7E AL 5% o1, FRE 0.7% ©)/Fe] EHojof 44
ds30] o|Fojglom o5 JA o Fetste] AAo] 7Hdt A
©o 2 AEh(Fig. 4). 349 W= gAo] 73.5~119.5mm,
$710] 750~1279mme.E ¢t - 4 BT A%l Zo]7} 70 mm
ol oA A o] o] FojA L Qlof AHIERER 24
g Aol ATk T 29 (71~100 mm)FE AJF AJ<30]
o|Zo . FY £02 R A= S. variegatus varie-

gatus= T 294 (70~100 mm)F-E A2 AJs0] o] FojR=

-

|o

Aoz d#HA 3tk (Kawanabe and Mizuno, 1995). &9
Qingyi Stream®]] A &)} S. nigripinnis, S. parvus= AR
A&E H&E gl A3 2dA oA AAd Y] dsd
AA7F 50% o)d& Hol o - 9 A &L 2dRH o F
oA = AL 2 RUFHTH(Xu, 2012). o]F9] 27] A% A9
I A% dol= YASHA dom, A, 273 2 s A
ol H29 44 AT WY Zole Wk olold 4 Y=
gl (Wootton, 1990) & @7 A3t A3 9] FFil7l= 294+

B 4&stel ThE 17149 ol e} fAhAT,

5719 AN 7S gob 7] fIske] i (10~159) A
HE FE (Table 2)& O 2 Bt BA & FHAFE AL
Skt (Fig. 5). & - =7F 5 195H 4€71A] F7tste] 49
o AAL 10.70%, FHL 1.56%2 7P Egon, SYRH
asty] Azkste] 8ol UF-2 146%, =R 0.28%= 7+
7 A UebETh o] % 0¥ R E oAl F71sH] AlAbste] 124
off AAL 744%, AL 1.10%7HA] Z7FHA L 12~299]
20] 12~62°CE F2 FA/d= WAL FHFA+Y A3t
A FSTE AYAI71 A A FFAS U ot 2 E
Higo 2 B3 a17]9 AtA7] = 49 T4 78 S 2
s, AR 7= 5Y 204 69 TR E 2P A
P79 $L2 17~27°CE FH 22°Co| QL Ak 47191
5~699 B L2 18°Co] Tt Kim (1997), Kim and Park
(2012)2 ZFa17]19] AFHAI7)E 4~6Y S8 T4
FTI7)E 5~692 343t & A Ak} tha Zol 7t A
ok Gt 2o AAlske Eavle A7 4~6Y (Kim
etal.,2014)2 2 AL} thar Zpol7} Ul oLt 445 E Abst
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Fig. 5. Monthly change of gonadosomatic index (GSI) of Sarcocheil-
ichthys variegatus wakiyae in the Jicheon stream.

= 1 £ 2 %ol
FEEY DL REEES IS EISEE S

ol
fololl 71213t Aoz wotE) 52

microoculus®] AR 7= 4~THE £22 17~21°CE FF
20| 19°Co| o™, S. biwaensis®] LA 7= 49 ol A
6 27MA 2 43 A th(Kawanabe and Mizuno, 1995; Na-
kabo, 2002). &=l A A8l S. nigripinnis®] XA 7| = 4~
79, S. parvus®] AFFA| 7] 3~89E FA3I I (Xu, 2012),
S. sinensis sinensis®] AARA| 7| = 49 Lo A 7H FLOE £
20] 16°CE doW 4tghs AIZFSal AMA7] 23 22
29.2°CZ B 113}4t}(Song and Ma, 1994). S. variegatus micro-
oculus, S. nigripinnis, S. sinensis sinensis= 2 JALZA T} At
A7) 7} 2oy S. variegatus variegatus, S. biwaensis, S.
parvuss= Tk Aol & H T o] oAl AAste "
oAf= =% FF7] TY AEA #Hate] g s 4
ot AFrE71E 7FR| A B 1 (Bye, 1984), AFHA] 7] = o] 7o) A
g4 g5 A, & B 94 Rt Aol AT 5 3l
£ AT 2, Aol &Y §ol, ZAReL BA Fo| &
Aoz Agste 7 FE3E Al7lo A 5 QA AS
sto] Z3lste] (Baek et al., 2003) 5242 LAFolTE A H
I 2o whah AREA]7] 9] ZpolE Helr,

2457 gIste] AAL A
N EEHENREE
AT 93 A Mol
7430~116.75mmo| o™, T 175~83671 2 H 428
+£1947) 2 UebgTh(Table 3). B4 Ao F7125% T2

Table 3. The number of eggs freom of Sarcocheilichthys variegatus
wakiyae at the Jicheon stream in April 2016

No Total length Weigth GSI Egg
’ (mm) (g) (%) number

1 116.75 20.00 12.20 836

2 112.00 18.16 11.18 738
3 107.40 14.13 11.96 560
4 104.00 12.68 12.38 540

5 103.00 13.01 13.37 552
6 99.25 11.53 12.92 443

7 96.05 947 12.04 454
8 94.65 9.87 10.23 424
9 92.00 9.28 13.58 372
10 89.00 8.18 9.66 337
11 87.20 7.98 10.40 338
12 85.95 797 8.53 216
13 78.05 5.87 6.47 260
14 75.00 5.08 7.09 175
15 74.30 5.00 7.60 176
Average 428

27k Z7letqc. A4Te RS HT Yo A7)k

B A7o| 2384025 mm, B o] 1.98+0.20 mmo| YL A

s3ke] 27] Ae] A7)0 BAglo]l AT ol T

o] ulgsuE g7 BREYEY SR TPo ge

w3 FAS w3 go] 2 FHET 2 A7 AE
o1

29mm(FH 23%2.6,n=12)2 E13}e] thh xo]|S BT}
(Kang et al., 2007). S. nigripinnis &7 (n=32)2] 272 H 9
£ 7200~92.00 mmZ XEFT5E 141~1263702 Ha 411+
2947Y, S. parvus ¥R (n=13)9] A%< FH+= 52.00~86.00
mmo| Y ZTTHLE 206~70672 Ho 391+ 14770, S. sinensis
sinensis 4R (n=108)2] AA2] HY= 71~131 mmo| ZH
T 1.040~5 580702 Asd dFo] €2 =doR
AL 1.60~200mmZ FH 1.78mmeo|H & Zo|} A5 &
7he Zd49 #iHo] oka B ust¢th(Song and Ma,
1994; Xu, 2012). S. nigripinnis<= NA|H Zpo A }o]7}
ot S. parvus®t TA Bt THE= SASIE L S. sinensis
sinensis= WAIE ZHGoA E Zpo|7t YL Ao &
giel 27] ®3 2ol Bt} vivt JWAI7F skl A
Asol F7HdrE TH7E SV Y £9 4% 25 &

Apgt A3he meic
o (o]
0 =
35317 (Sarcocheilichthys variegatus wakiyae)2 7\ A

Qe ATLE 9ste] A A 20169W 3LEEH 2017 297}
A wE 10~154] 2AE AT g9 Y] (male :



female)= 1:0.972 & zlol& BolX| gttt AFAI7| &= 49
TolA 78 FETAZ FHEUL, 4 7= 58 2oA
6 7R £ o] A|7|o| B 22 18°Co| 3t AA o] 51~
70 mme] T T @A, 71~100 mmo] HTh2 7 234,
101 mm o2 9k 3@ o2 =AY, T 234 o] 4HH
JA Aol o]Folx]7] XA} Lk 176~8367H 2 B
T 428+ 1947101tk e Aol a A7) Hd F
7o) 2.38+0.25mm, ©7©°] 1.98£0.20 mm®] i T}.
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