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5 %7 Cobitis choii (Pisces: Cobitidae) 2]

Habitat Characteristics and Estimation of the Age of the Endangered Miho Spine Loach, Cobitis choii
(Pisces: Cobitidae) in Ji Stream, Guem River, Korea by Myeong-Hun Ko and In-Chul Bang'* (Division of
EcoScience, Ewha Womans University, Seoul 03760, Republic of Korea; 'Department of Life Sciences and Biotechnology,

Soonchunhyang University, Asan 31538, Republic of Korea)

ABSTRACT

The habitat characteristics and the age of endangered miho spine loach, Cobitis choii,

were investigated in Ji Stream, Guem River, Korea in 2011 to provide baseline data for its restoration.
The habitat of the C. choii was the downstream portion composed of sand, and the sand particle
sizes was mostly 0.21~1.18 mm (88.7%). Juveniles (age 0+) preferred slower water velocity (0~25
cm/sec) and a lower water depth (5~20 cm) than did individuals who were more than 1 year old, as
this group inhabited rapids with 10~25 cm/sec of water velocity and 20~50 cm of water depth. The
C. choii rapidly grew during the active period from April to October and they stopped growing during
the hibernating period from November to March. The estimated age of the C. choii (females) based on
their total length distribution during the spawning period (June) indicated that 1-, 2-, 3- and more than
4-year-old were 40~61 mm, 64~79 mm, 80~91 mm and 92~106 mm, respectively.
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MooE

o] 3L 2] 7} (Cobitidae) ol F+= AA/AE 2FoAF=E FAlot
o opxz )7t BR | QA AL 214 171F0] RIEG S
™ (Kottelat, 2012; Nelson et al., 2016), & Ugto|= 54 16
Zo] st Aoz otd A 9lth(Kim, 1997; Kim and Park,
2007; Kim, 2009). ©|& v & E7] Cobitis choii~= 1984 Kim
and Son°| &J&f AF HxEH Fo=, LU s F74l
T Ao g AqAEaL Fool BlAloFY ofRE7 e A
A3te Ao Z & A TH(Kim and Park, 2007; Bogutskaya et
al.,2008). +2 27t Zd 37 7% F-5tF A
o] AAel= AR d&HA 2™ (Kim and Son, 1984; Hong,
2004), 3 HATA 2 AL A, A 5O AN B
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HE|7 27t3} HHA G235 FaEE AoR BuET gtk
(Hong, 2004; CHA, 2009; Ko et al., 2012a, 2012b). ©] 3} o]
2 199895 H AR HFTA7ITLE AFH F, 20059
o HZY7|RFIYE 1§22 A= 21 (ME, 2005,2012),
2314 7HA] 2 Ay S84 SOo2 (20054, Al454%) 7%
A&)21Ql A SRR 20114, AI5335)7F AA7IEERE XA
o] ¥& B3 E uhy QJu}(CHA, 2017). 3+ 20118 YA
EAGHL vt EE7] AR JNEES HrF AF
gt vk e, vEEvle Aado] e F4ska A4]%]
7t 23] 43811 glo] EN 5522 71 vh Uch(NIBR,
2011).

nsEfel w3 AFE ERSEH A1 ges 9y
(Lee et al., 1986)T} ‘Fo7 = (Park and Kim, 2003) 5-¢| 9]
FojFon, 2006 E HAHsHH A3t AYEHA A
AEA T} QIFSA 7MY, Bd7|e 5 284 AY=HN=

9 (ME, 2009, 2011a, 2011b, 2012), A A mtDNA A€ &4
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Fig. 1. The distribution pattern and the related physical factors of Cobitis choii in the Ji Stream, Inyang-ri, Cheongnam-myeon, Cheongyang-gun,
Chungcheongnam-do, Korea, 2011. Dotted lines: water depth (cm), Arrows: water flow.

(Kim et al., 2008a), AFLP 242 £3t 74 t}oFA (Lee et al.,
2008), T+ A A9 £/ (Bang er al., 2008), 27148
ZA}(Song et al., 2008), B| T FE7 Q] EZ AL W3l (Ko et al.,
2012a), A|H 7 WA AqAEF 2 A2 A S =7 (Bae
et al.,2012; Ko et al., 2012b, 2014) 52| A7} o|FHH ).
E3 n2F) B deow MiRHY |3, 2HH, &
TH Foll AFBAE vz FA Aoj7t BRE v UTH(ME,
2009; 2011a, 2011b, 2012; MLTM, 2010).
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1. ZAIZ| 2 AR

ZA= U|EEIW Cobitis choii7} SHRA SR A5t Q)
= Aow d#A (Ko et al.,2012a,b) 274 AfF AH &4
AT ™ A Lol 20119 147 H 12€7HA] =
9 14~16% Atolof] A71H o2 AT v|ZF N AF
2 AR E AH AR Y ZTHE B2 & Hole
0 (TF 4x4mm)e} TG (FE 6x6 mmyE, Hols S5
AZE S (T 1x 1 mm2t S (FE 1x 1 mm)E AHE
sto QAT 522EFTY AHL SH (TE 4x4mm)

ot Bk (2 6X 6 mm)S AHESHY] B (5T oE(79), 7}

2(109) 33 AA3IH 21, Kim et al. (2005)3}+ Kim and Park
(2007)°] w2t T4 - E7soh A E vz F N HER
Aol A mlF A MS-222 (Sindel, Canada)Z u}33t & =32
Rk (lamina circularis)®] {5 w2k XJojet 4, ¢z

wate] A AF 5L ZAW T PFRAAL

2. MAIX| &3

A AR Q] EeHA A 5HE
T2 5% ARG, s ¥ Kani (1944), 3312
Cummins (1962)¢] W& §-83ko] AME-3HGIT. o] 35|
AL 523 712, A7 HEE (Conductivity), &FEAATF
(DO), pH 5& YA EL%7 (T-250A, ASAHI, Japan)$} 52
Z27] (YSI 556MPS, YSI, USA)S A&5te] mig 14~16Y
Aol 12X 8 7|22 2 ESA3tA T
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3. MAZ| 24

usEAe HAA B4 BE] o) Akt gop o5
A2 27F M stE = 9UEE 109 Atolo AAIsHcH 2
L ousEAvt 22 AR 4RolH 2kg ol AH A5t
A Y -8-A (Standard Test Sieve, W.S. Tyler, USA)E ©]-&-3}
of A7|ME e & 7 8l&S A4S A%2 9~10¢
o] MAE ol wet FaA, 1WA, 294, 3 ole=
Bilgom, £Ala g4 kol 844 (FP101, Global Water
800-876-1172, USA)E AH&sto] A3ttt A% 9 24
Fol £ 449 BAH 4L SPSS 2108 AHgtel
U FHj A 2424 (One-way ANOVA, 0.=0.05)& AR &



(A) —O— Air temp.
—@— Water temp.

Water temperature (°C)

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

©
151

12.5+

104

DO (mg/L)

7.54

2.5

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

300

B)
250+

200+
150+

100+

Conductivity (uS/cm)

504

0 T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

10

D)

pH

0 T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 2. Monthly changes of temperature (A), conductivity (B), DO (C) and pH (D) in the Ji Stream, Inyang-ri, Cheongnam-myeon, Cheong-

yang-gun, Chungcheongnam-do, Korea from January to December 2011.

LSD testE 435} t}.

4. 4% Y AR
4% 2 Age AFNERILY Ricker, 197102 343}
Qv e AME AAE Aojsk 4, FoR TRY F
APNERTEE 4G T 2RO, AFL WA =
Apstod AFHFAL At
4 i,
1. 44 23

oy

1) 281X 317

TEST| Eo
BN} AT AGe AR AR fo0] e
7 ool BAFl YA, FEL 150~200m, FEL
30~40 mo]w AL 30~100cmo| itk SHHFH L 49} o &
o] WHHOE et BbBeFol Ao AAE WO,
s diF2 2 (80%)= FAE e A7 H(10%)
I AR (10%)°] Aol AT FFAES AY ey
THEE AHEF (pussy willow)et EHEE Phragmites
japonica, &AA| Miscnthus sinensis 52 4EE5°] @o| X243}
I ATk (Fig. 1).
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2) 23| U HEISHA

23} 7] 9] M= Fig. 2A¢}F Zo] YebgEdl, 199
22 02°C (7] —6.0°0)Z 7P Rk, o] F 7] &0] A%
SHHA £ 399 11.4°C, 59 21.0°CE F33] A3t
on, 799 7H £ 27.7°C (7] 34.9°0)5 E . 84 o]
FHE Yolx|7] AlFste] 10¥€9] 16.2°C, 12¥9& 5.1°CH
th U Z e 20 12°C o) H& 48R E 1089714 2
gjubct uko 2 1o} shEslgl ot 42 12°C wwkel 1~3Y 7}
11~129L2 2 &0 =2 susol7t 53ttt

o|3}stE] T F A7|HWEELE 74~241 pS/em HYE
Epube, Zab7) 7kl 6ol 241 pS/emE 7HE w%ou At
0] %2l 8Yof 74 uS/em=Z 7HY okt (Fig. 2B). §&AMLTF
L 724~1495mg/Le] HYE Ve, o2 6YEE 9¥
7HA] 8.15~8.81 mg/LE WA Uebd ¥HH ALl 11YRE 2
A7 = 13.84~14.95mg/LE =A YENTH(Fig. 2C). pHE
582~8.77 A2 Ye} AR H oz FA o 77t (Fig.
2D).
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Fig. 3. Relative abundance of fish species found in the Ji Stream, In-

yang-ri, Cheongnam-myeon, Cheongyang-gun, Chungcheongnam-do,
Korea from Spring to autumn 2011.
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Fig. 4. Relative abundance of substratum particle size of Cobitis
choii habitat in the Ji Stream, Inyang-ri, Cheongnam-myeon, Cheong-
yang-gun, Chungcheongnam-do, Korea.

"] Zacco platypus (22.4%) R 3L, oS- HEL 0|3 E7et &
$ukR}F Gobiobotia nakdongensis (15.5%), 1 Hrol] T FX]
Pseudogobio esocinus (11.6%), &% 7 C. nalbanti (6.9%),
FEW Squalidus chankaensis tsuchigae (3.7%), GA5 Ache-
ilognathus lanceolatus (3.7%), B 32X Microphysogobio
jeoni (2.8%), k)| Opsariichthys uncirostris amurensis =9
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Fig. 5. Comparison of water depth and velocity by age of Cobitis
choii in the Ji Stream Inyang-ri, Cheongnam-myeon, Cheongyang-
gun, Chungcheongnam-do, Korea from September to October 2011.
The diagrams indicate the median (horizontal line), 50% range (gray
rectangle) and 95% range (vertical line).

T2 2 Ao YA FE52 2% vkl it nj=
A7 2= v ofF= naFAt S, &
N Iksookimia koreensis, B]F-2] Misgurnus anguillicaudatus
4Folgon], VBEAE HAT S Y 44 oFt ¥
2 Micropterus salmoides (0.3%)2} BE%5A2] Odontobutis
interrupta (0.2%) 20| R o vl&-2 A 3ith(Fig. 3).
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Fig. 6. Total length frequency distribution of Cobitis choii in the Ji Stream, Inyang-ri, Cheongnam-myeon, Cheongyang-gun, Chungcheongnam-

do, Korea from January to December 2011.
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2 R 2 o|FoRH o gy} &7}t
0] e AR AT Ao F
O, 4 60 cm o4 LR Eo] AA|EL
vighe EFHE o|Fo]Z & (pool)o A ALl A5}
A Sttt (Fig. 1. MAEE F457 =4S AT 43 9d
A 2)0] (AR 24~44 mm, n=206)= TEE $=4] 5~20(14+
11.7)cm& &1 §£0] 0~15(8+64)cm/secE = & 7}
Ao A FE R0} AAEta glo] 4 20~50 cmo]iL
£0] 10~25cm/secql ol 2 A4gt= 134 (50~69 mm,
n="76)1} 234 (70~83 mm, n=44), 344 ©]A}(84~103 mm,
n=38)a BF {3 Aol Hh(p<0.001). 134 o]4
Ao 452 1dA 14+10.6 cm/sec, 2WA 16+8.4 cm/
sec, 3WAY oJAF 16+10.1 cm/sec2 YEN} AFEZE {23
2lol= Ho|A| ¢t (p>0.05). A= 1EA 33+17.3cm, 2
A 35+ 14.4cm, 39AY O]A 42+17.5cm=ZE YERY 1 A T}
2R Fogt o7t YA (p>0.05) 1'AAT 3dA oA
(p<0.01) ¥ 23483 334 o]AF (p<0.05)2 7o 2ol
Bt} (Fig. 5).

fu
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214‘
K
5\50

n3EHe A% 2 A3 2011 195 E 129714 uig
= ZAJste] =45 A3t Fig. 63 7+

AFE71(69) o] % THo A5z
b 16~23mmSitt. o] & G4 A4S 2o
8ol AR 22~31 mm, 98 24~41 mm, 10¥ 26~43 mm=
Qs on, 10 o] Fofl= 0] 12°C o|st2 W2|71HA|
AL JAsEA] sttt AdEo] gojd Xoj= E57| 1Y
B2E 3971A)E 26~41 mmE A9 AL 1A doront 4Y
o|ZRE FAT S sho] 599 30~45mm=E AFAIH L
o, 6ol 7 134 0] HHA 40~61 mmZ AR A
2 23R 7hEAI =] Al27| 2o ZARe] A EHA
AR FHE QT o] % 7Yl 42~65mm, 8 44~67 mm, 9
4 46~69mm= AR & - 7ol 2 AolE Kol
A &%, 109 o] FHE 12¥€7HA] ==0] WE7tHA A9
AAFSA] oFgkth. g 2 A oAk AAIEE TUSHA 397t

A& 744 Qs A] gtout 4R 997k G4 A4S
Hl  10¢¥ o|F RE& 20| RolXHA AL 4AFstA|
BRI, & - Y] A GFol Bk 2A st dA
o] R KT A% 10~20mm7} Fct.

AF719] 64 71202 dFE A3te] 2d, g7l A
< gk 1JALE AR 40~61 (49+4.4) mm, TF 2WA-L 64~79
(74%£3.7) mm, ¥k 34 80~91 (84+2.8) mm, T+ 44 ©]
AL 02~106 (94+34) mmZ, $A 9 AL W 1dAL A%
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Fig. 7. Relationship between total length and body weight of Cobi-

tis choii in the Ji Stream, Inyang-ri, Cheongnam-myeon, Cheong-
yang-gun, Chungcheongnam-do, Korea, 2011.

40~59 (50+3.5) mm, Bt 2882 60~71 (66+2.4) mm, 9+ 3
A o] AL 72~87 (73 +3.4) mmAth(Fig. 6). 3 A|Z2 69
L NEFoE gAO AL W 192 0.22~0.96 (0.47+0.13)
2, 9 238 1.00~245(2.16+0.60) g, T 3L 253~4 41
(3.25+0.52) g, Tk 4R O]AFL 3.13~5.60 (4.50£0.78) g
2,579 AL v WAL 0.24~0.65(0.49+0.098) g, Tt 2
|ABo] 0.94~1.95(1.48+0.29) g, 9k 3V} o] A2 171~2.14
(1.90£0.19) go 2 Yyt A3 AFne A= A
y=3E—-06x*""% (R>=0.9926)2. &, AL y=3E—06x>"*
(R*=0.9856)2 & Weh} v d] FAFSHSITH(Fig. 7).
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Fig. 8. Comparison of water depth and velocity of Cobitis choii, C.
hankugensis (Ko, 2009), C. nalbanti (Ko et al., 2009) and C. tetralin-
eata (Kim et al., 2006) in Korea. The diagrams indicate the median
(horizontal line), 50% range (gray rectangle) and 95% range (vertical
line)

272 A ZPo| Y3 £3}sto] 54 1650 O
gk A A Kol A-Gsto] AASkAL Ql=d], A Hof glo] F= 1]
Tel& Misgurunus B, 54424 Kichulchoia®t M=
u| 2 Koreocobitis, 550 ZEMNE Tksookimia2 A
723 Fof AAlst, 2 AFol 23rd 718EME Cobitis
I FEMEY FXWEAN Iksookimia pacifica= SH3o] 2
¢l ol 2 AAlstes Aoz A doh(Kim, 1997, 2009;
Kim and Park, 2007; Ko, 2015). & A7 23} x| A 9| u]5FA
Cobitis choii AA A= 3552 2|7} 80% oA 2 mf&
E2 Zolgley, & tE AAAY fFHdT WgHgAE
Y2 80%, 60% %= R 1= o] (Ko et al., 2012a) 3EXHOoE &
g Bl&o] & ol AAsta I & &9 7I5F7H C.

hankugensis®t %W C. tetralineata, AE%F7 C. nalbanti=

TR 5 F - AR 2 YR SR A Foll JA A4
3 glom o HEE 10~60%E ZEWE AR B
= vk 9lo] Ml to]E EITHME, 1997~2008; Ko,
2005, 2009; Ko et al., 2009). 0] EE7H A7 9] majejat=
EE 021~1.18 mm (88.7%)Z Veh} 22 Holgld|, &
T AEFN, 715570 AR 2R gat 27)= oFH 7
A BEAEA] kot n]TF/h ek A HAQ vlae VM6
o g2 BaxfQet gt BfHEE & o RfYgAe
Hoh 33 s 2o g A

AAR G 24T f45F AAER st dgEE 24
g Az, FdA Zole 1~39A ol dat L EA =4d0] 30
cm ©]3to] I o] w7 Fof Al A|eke] 2 mejjof A
Aste w3 o7 71557 (Ko, 2009)¢F HEF7M (Ko er
al., 2009), 2% 71 (Ko, 2005), E¥-E7) (Ko, 2015)9+ H| 2 &
AbatAtt. sEAITE AJof o] &= Fig. 83t Zo] F7F Aol B
Aedl, mEF 4L 356+162emz Heht 7153
o AE2FA, 20, ST ARG v Re (p<0.001),
HH R 842 16.1+£9.17 cm/secE YEL} Th 2 ZEHT
2~3H] W2 EAE Ho] Fo3 Zo]E H At (p<0.001).

et nEFe et AEFA, ST, FEEA
A

£

575, dEN AEHe BRE, Polusl sl e
o 7,156709 21 Z& BrL A2)E o 9t (Kwater, 2007;
MAFRA, 2010). o] 2218} 71} -2 ¢4z 43ty
7] g &l mEFTF AT £ Y= R o|FoA A&
F= 343 28, stAsAet 4 29 59 T
A w|ZFIY AAA] L AA 7 FH3] Fadt AeR
F4EC eby 47 He 0 EAY HAS AANE £
AR g Eo] AMAR|o Byt @ AHE WrEA] A Fsfof st
1 7|2 A-E FREE A Fast= 5 AR Yo
o) 2ol Aot & o= BeEL)

| 3F7 e 0] 12°C ol H&= 497 E 10897 A= &
712 4% A4S Ry 0] 12°C o]} He 119
RE 3UAAE YEINR A9 AR SR W, AR
AL, 1, 26, 3UA o]4te] 0 WE 4 Hol
™, 1371 o]%o] Z&xte] AAFH ¢ - p7F FEE
Aol 2AUT 10~20mmrt 6 A UE} 28 £9 7|8
27} (Ko, 2009), A&%7l (Ko and Park, 2011), %7} (Kim et
., 20009} MTH SABGT, A G 7| EOR PAL 4
WA7ZIA], AL 3@A7HA] FHE o 22 £9 7|55, A
2370, 23709 W nd SARKEon, AFE AU NE ¥
571 7122 & v Bln JEF/Ne FABHATH(Table 1).
g AEFEE o] &sty] ARYE FAH|= st o4
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Table 1. Comparisons of age by total length distribution among Cobitis species in Korea at hibernation period (November to February)

Total length (mm)

Sex Age
C. choii C. hankugensis C. nalbanti C. tetralineata

0+ 26~43 30~50 20~39 25~44
Female 1+ 52~69 51~74 40~59 50~74
2+ 70~83 75~89 60~79 85~99

3+ < 84~103 90~124 80~109 100~124
0+ 26~43 30~50 20~39 25~44
Male 1+ 52~69 60~79 40~64 50~69
2+ < 70~85 80~114 65~84 70~94

Reference Present study Ko (2009) Ko et al.(2011) Kim et al. (2006)

£ 0|87 §99| C. paludica®) AHL PR 5A, 2AL 34
(Przybylski and Valladolid, 2000; Oliva-Paterna et al., 2002) =,
C. taenia= 47 44|, 3 342 345 8} 13 (Robotham,
1981), Bl 5 o|&3t 27N 1. koreensis= o4 25 347k
A 4= o] (Kim ef al., 2008b) B H AP57} 2 ALET}
$AVE Wol gk,

o OF
=

ik
ofy
L
N

o7l

3 Y AHE EAS Y BATHoR &85ty {5t
2011 S7 A7 AR A 2AME AASHAH. 1| 2F 7 9
MAA = shRRe BejFe] A4E AHew, maf AR 2
71 HRE 021~1.18 mm (88.7%)2 -2 Ho|gith. 2joj=
40 5~20cmB F FE52 0~15cm/secE =7 Fof| F
2 AAsta QAT 1987 2WAY, 334 o]t JHAE
© ZTEAHOZ FA 20~50cm, &% 10~25cm/sece] =& o
Fofl AMalsta ot AR &5 718 497H 108714
A AL Egouy 9571 11€9RH 39714+ 4%
HEQ A% (FA)2 6¥8S 7|Eo = T 192 A%
40~61 mm, T 2FAYE 64~79 mm, Tt 3WAYL 80~91 mm,
dh 44 A o] AR 92~106 mmZ 3= E Tt

tlo =l to r|

At At

B ATE AN 997 GholR(BAE F 4%) B4
A011Y) A7 SAFHIY ATH] PO 53y
%
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