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Feeding Ecology of the Endangered Korean Endemic Miho Spine Loach, Cobitis choii (Pisces: Cobiti-
dae) in Geumgang 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

Feeding ecology of endangered Korean endemic miho spine loach, Cobitis choii, was

investigated in Jicheon Stream, Geumgang River, Korea to provide ecological characteristics and
baseline data for its restoration. C. choii is active during daylight hours above sand from March to
October when the water temperature exceeded 13°C, but tended hibernate in the stream bottoms
(sand) in the winter months (November~February) when the water temperature was lower than 13°C.
They fed (index of relative importance, IRI) mainly Diptera (69.9%), Copepoda (23.2%), Arcellidae (2.3%),
Branchiopoda (2.0%) and Ploima (2.0%). And their small juvenile (age 0+) fed mainly small size, Ploima
and Branchiopoda, however, they ate mainly large size, Chilonomidae, while growing to adult fish (age

24 ~3+).
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Setet e TYst AHAA PP 7S, A
+7, 8 5o AMT 24, FUPHBA 5 S B4
o} Q1T 271, ARISlel 2 APt TR 29U 5
oz %t = o3 HFTEY =Y To= Qs AE w
LS w3 It} (Jang et al., 2006; Kwater, 2007; ME, 2011c;
NIBR, 2011). ol2jg GOz <la) 44 AEe topgo] 7+
43T Be £ AAAS AR AT Gastua 2
Z917]0] SOl U¥ FEL WEH A0E wudz 9
t}(Sala et al., 2000; Sutherland et al., 2009; NIBR, 2011). @A
L2yt ojFof Qo= NI HEE7Y0] Rhodeus hondae}t
%0] Leiocassis longirostris7t B¢ A2 ¢# % 1 (Kim,
1997; Kim and Park, 2007), 873 #= BF5HF o] =2 2751
F UE 13 1652 83907 chyuee 4okl nEs
I QJTH(ME, 2017). o] 2|3t BE9 7159 HA £S5 9%
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AT P AL B AFE 7N R ThEo|Aof &
{7 o]7] W&o (Meffe, 2002), BZ97|ES FHFLR o]
A 5 = AT A= FARY Fas)

B AFE3 u|53F I Cobitis choii= %9 15 (Cypriniformes),
u] 2]k (Cobitidae)oll &3t= AAAY 2P o]{FE, 19849
Kim and Son®]| 2J3] AlFo 2 YR =it AF HxE GFA] 0
SEAL 274 % 5% Add 29 Adsn ggou
(Kim and Son, 1984; Hong, 2004), A 2] x| ¢] &1} 314 2 ¢,
g FA L2 | ZHeols WIAeX Lt I, 4,
A7 SHERolE NS Ao HuTo] FAW AAA &
27} dofitth(CHA, 2009; Ko et al., 2012a, 2012b). FZ Al
FREAZ eAAote] ofp2ze] B33 Aol LA
FEEI 9oy (Bogutskaya et al., 2008), X 2& 78 52
2 Q3 73 HE7F 875 Qi

nE3Me F2 AAAY AAs Hae AF 22 1998
A5E SR A7 (EA 27 P E 192

2 AR YL H (ME, 1998, 2005, 2012, 2017), £3}4 7}
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=~
Z

o
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WRE g Ro Bdshy A7t APEHA fAR}; B4
AFFA7 e, HY7]e Sl A5l (ME, 2009, 2011a)
FAR E4 (Bang et al., 2008; Kim et al., 2008; Lee et al.,
2008)7 % 7| &AL (Song ef al., 2008), B U A AIA|AH 4
23 (Ko et al., 2012a, 2012b) So] = ¢, 1 dhol| 3
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ATFE B5EA C. choii®) ARZOl 14 A7 R
2 Aela g A FAYE AT Ay Aok
| (ME, 2009; Ko ef al., 2012a)¢] 27 x| &
of AAlsttt. vz AR A
o zYasle we 5 ANSAT. 9F BE
7] Slstol 195 1297HA] e 14~ 169 Abolo] 7] 23t 4
2, 859 F 55 AR, ¥ B855I
£ 949 16~17%¢] |3 50m* Qroll A 3A17F 7HA 02 244|7F
S 270tk B0EH 2Aho2 EFAAI AN,
e, 48 52 2At0] 2Aa

ASPYSE BAL 95 AW A4l FAT 420 A
Alsteth AL B (FE 6X6mm)T o (T2 4x4,
Ix 1mm) 5 ol gatgon], HAE AAE ol o217
MS-222 (Sindel, Canada)Z "}33F 3 £33 71&X = u|o
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A FACZ FRAO RS 2HY T YRR W e
At £TVREE B AASE AL AL e
o 10% Z=2TY #gdof viz nAstglon, A7 AWl
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Fig. 1. Total length frequency distribution of Cobitis choii (n=179) in
the Jicheon Stream of Geumgang River, Inyang-ri, Cheongnam-myeon,
Cheongyang-gun, Chungcheongnam-do, Korea, April 2011.

ok HolBEL A (%N)°t 73 (%W), 2N = (%F)E
o] &3to] AtF 84 A4 (index of relative importance, IRDE
Pinkas er al. (1971)2] ¥ 08 AAFIRI= (%N + %W) X %F)
gk & MEE 2 SHASLo] (%IRI) Bk ERF AR ol w
£ Yo|¥id= AHFoA8AFE 2AR d¥E HE&ES A4t
of 24, A9 Hol=27] HI= AFTLEAS7t
=1 dAgE 27] ¥t 2 2 nE S35tk %E

1. MEHIER T

490l AY¥E vTFA C. choii®] AZHE=EEIEE Fig.
13 Zskeh A% 24~45 mme FEA o2 YA £A
o] FHEZ| ¢kokout 19X ol MAle A 7HEA
o] A27|Rol| ZARe] FAE o & - 7t FEE
AL 46~67 mm7} 1AA (1+), 68~79 mm7} 2EA 2 +),
80~110 mm7} 3@A o3+ <)oz FHEHYUL, AL
52~69 mm7}F 194 (1+), 70~87 mm7} 294 o2+ <)o
2 A=A

2. ESA7|

A YEAIE 2 AT L 13°C ol Hi 395
1097H] B2 9o= el HolBFL AU R95E A
o] TG 13°C 0|31l 11YRH 297k B %o
st 5ol7t UE st (Fig. 2).
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Fig. 2. The distinction between activity and hibernation period by
temperature of Cobitis choii in the Jicheon Stream, Korea, 2011.

e BT, 90X (L 165°0RY B2 wroz vol B8
A gAsHE ARE BEE7) Agsigon], oF 124 (4
£ 174000 FEAAS 1574A, HAAAS 107037, 15
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2 HAGAT 9 EES QWU ol AuFREAS
(%IRDE Z=AFSE 23 Table 13} Zo] Yebge=tl, 524 9
0] 99.9%, A&7 Ho] 0.1%= AL HF&o] =4 Hold
o}.

Ho|PE 9| A= 257 (Insecta) ] 2] = (Diptera)
0] 39.1%=% 7} =i, 2 222 27 (Copepoda)
o] 38.0%, MZ+= (Branchiopoda) 6.5%, <57} (Rotatoria) 2]
+ 9= (Ploima) 6.3%, &%%7 (Rhizopoda)9] 2= ¥}t
(Arcellidae)7} 5.9% «22 SAN|3HA YElgow T 8o &
B EE & (Tardigrada, 1.7%), 524 &% (Chlorophyta)e]
27} (Bacillariophyceae, 1.6%), 28 X2 %= (Dinoflagelliada,
0.7%), #4157} (Phasmidia, 0.3%) 52 €22 £dsIH}.
o] & a5 Zti+} (Chironomidae, 37.5%)7} thH-£
& AASF L, 5L 278 EH S 3 (Bosminidae, 3.4%)
¢} B8 &3} (Daphniidae, 1.8%), o& &S} (Chydoridae,
13%) 59 «22, 3952 FHYKE (Asplanchnidae,

25
—O— Air temperature
—@— Water temperature
O 204
F
2
=
5 151
Q.
g
=
104
5 T T T T T T T
20
I No. of appearance
@ Hl No. of foraging
S 154
o
2
=)
.8
< 104
5}
e}
§ 5 Sunset 18: 10
“ Sunrise 06: 30 s 4
¥
0 3 6 9 12 15 18 21
Time (hour)

Fig. 3. Changes in temperature and number of individuals of Cobitis
choii in the Jicheon Stream, Korea, oberved at three-hour intervals on
September 16~17,2011.

3.6%)2} A48} (Euchlannidae, 1.8%), X282} (Tri-
chocericdae, 0.9%) <=0 2 H|-&o] =3ttt RujoA= o=
o] 930%2 TRES AAFL YT, 1 THOR a7E
6.0%, MZr= 0.6%, 95 02%, ZHEH3 02% 59 &
o2 eyt 2ENE % o Eegds A A9 5
2l &Eo] 95%=2 71 &1, 1 202 Q7R 85%, 9%
5 80%, M-S 75%, x%‘ A2t 60% 52& et 9
olZo G} Bu, FANES T AFRYAS
(RDZ A4 A3} w2 &o] 69.9% (AT 69.0%)2 7t
2 Za3 Holglow, 1 thgor @717} 2329, £
I 23%, S 2.0%, + B85 20% 59 «=Lo& Fa37 HoJ
AlZolAtt. Al EAdYol= 27 (Bacillariophyceae)Rt 2+
HE=d, DA AAFETE 1.6%, EFNETL 35% AT H
57k AT A 0.2 Ho] AThFaRASE 0.1%2 Rkt

N
—

Aol wE Holet 37| Hst

AE|
A AT oGAFE Ho|wskE AR A3t (Fig. 4),
FEA X o (A% 24~45mm)= Z77F FE {95 (29.2%)
I A2 (28 4), 2T (25.5%) 5= T2 AASAL, 1E
A (46~67 mm) 8727} (59.7%)3 ZTHTH(26.7%) 5& =
2 AAsch 294 (68~79 mm)T 33 A 0] AF(80~ 110 mm)
2 A7|7F & ZAvtaE 42 62.9%, 11.9%2 71 wol A
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Table 1. Composition of the intestine contents of Cobitis choii (n=20) by the frequency of number, volume, occurrence and index of relative

importance (IRI) in the Jicheon Stream, Korea, April 2011

Age (total length (mm), number)

Prey organisms 0t - - ir < Number Volume Occurence IRI IRI
= Total (%) (%) (%) (%)
(24-45,n=5) (46-67,n=5) (68-79,n=5) (80-110,n=>5)
Zooplankton
Phylum Sarcomastigophora
Order Dinoflagellida
Family Peridinidae 2 3 5 0.7 0.1 10.0 7.1 +
Class Rhizopodea
Family Arcellidae 14 18 13 45 59 0.2 60.0 3700 23
Phylum Trochelminthes
Class Rotatoria
Order Ploima
Family Trichocercidae 1 1 2 3 7 09 + 20.0 189 0.1
Family Asplanchnidae 1 12 8 27 3.6 0.1 60.0 2221 14
Family Euchlannidae 6 1 4 3 14 1.8 + 40.0 755 05
Phylum Nematoda
Class Phasmidia
Unidentification 2 2 0.3 + 50 14 +
Phylum Arthropoda
Class Crustacea
Order Branchiopoda
Family Daphniidae 3 3 5 3 14 1.8 0.2 45.0 899 06
Family Bosminidae 1 10 9 6 26 34 03 50.0 1850 1.1
Family Chydoridae 5 2 3 10 13 0.1 30.0 426 0
Order Copepoda
Unidentification 3 105 95 85 288 38.0 6.0 85.0 37379 232
Class Insecta
Order Diptera
Family Chironomidae 4 47 93 140 284 375 79.5 95.0 11107.1 69.0
Unidentification 12 12 1.6 135 10.0 1508 09
Phylum Tardigrada
Unidentification 2 1 10 0 13 1.7 0.1 40.0 710 04
Phytoplankton
Class Bacillariophyceae
Fragilaria sp. 1 1 0.1 + 50 0.7 +
Synedra spp. 2 1 1 4 0.5 + 15.0 79 +
Nabicula spp. 1 1 1 3 04 + 150 59 +
Cymbella spp. 1 2 1 4 0.5 + 15.0 79 +
Pinnularia sp. 1 1 0.1 + 50 0.5 +
+: less than 0.1%.
A3t 1 o @ Q7= (72} 25.1%, 17.9%)S ol A Ll =

Astglon 71 gl AZE(3.0~3.1%), F 95 (2.0~22%) 5
< A48k

Ho|AE F Ztttds d dHdolA 3EHeE Sadt
Ho|2 yetyttt. A9 AR Zoh7ate] Holar|e &
Zpol & HAed, FdAdo] AAlgt Zthrie] A7) 0.10+
0.04(0.05~0.15) mm& wj& 22 F719 o 1HAL 037+
021 mm, 2942 0.64+0.31 mm, 394 ©]AL 0.68+0.45
mmZ #AFo] Fobdel wgt Y AXe= AR Yegt
(Fig. 5). A4 #9942 gaA, 194, 2~3dXS {3t
afolg HYPoU(p<0.01), 2807 3WAY o4& ztol7t §
AcH(p>0.05).

SelUett 440] FRsto] Aol T2 s 20] = B

2 e, olo] 0o gerolfE ool ge TE9 A
$712 oAt A% Rtk AR 2AE vl
T} (Cobitidae) o157 HE Iksookimia longicorpa®t &% 7Y
Cobitis tetralineata, BZZE7N C. lutheri, ZE7) I. koreensis,
BEEI) 1 pacifica & 35X OE $£20] oF 13°C(F ut
2t 10~15°C) o] H= 385 E 10897A= &5712 713
Hreg vt &F 9 H4A3E 55 SHATE 0] oF 13°C
ojst H= 11ERH 287HA] = d57|2 7|d £2=2 o7t
25 Ao g2 BuE Hf 9o (Kim and Ko, 2005; Kim et



96 _T’_%:'% . HO|X

100

80

60

40

Index of relative importance (%)

20

24-45 46-67 68-79 80-110
Total length (mm)

Ploima
E# Chironomidae

Branchiopoda
Others

[=1 Copepoda

Fig. 4. Ontogenetic changes in the composition in intestine contents
by index of relative importance (IRI) of Cobitis choii (n=20) in the
Jicheon Stream, Korea, April 2011.
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Fig. 5. Ontogenetic changes in the size of prey organisms (Chirono-

midae) of Cobitis choii (n=20) in the Jicheon Stream, Korea, April
2011. Circles and bars represent the mean and range of the prey size.

al., 2006; Ko et al., 2009; Ko, 2015) £ A7 n|3Z7) C.
choii®t A A FF71E BEHth B3 o] 52 T EHL
2 dE7lo e A wem A% = AY Hae AL
2 2ag b gled, vEFle 228444 Ades dF
7o AARFE FlskA] ZataAt 57le] A &5t
RS A ¢k M2 2 E o (Ko and Bang, 2018), H] SE7H
& Y570 A oA g Aoz FHHUT

d Z57e SN vt FAEH ofPgor
oA E AFE Hdoh v ofFf FolAe NS

3N, AEFM, ZF3AN, FEEM7F AL E S5A
9 HANA R AR F34 o] FE E 1% o] (Kim and Ko,
2005; Kim et al., 2006; Ko et al., 2009, 2018) "] TE/9} &
A5t Tt SR DENZ U)LY Koreocobitis naktongensis
= A AR 404 2 ofgte] d41% sl (ME,
2011b), EFFM= A E SEHAs 2 AT 245
Sl 12X 58 24X 7HA] 2 BFdte A2 BiEo| (Ko,
2015) & F1} Aol & H Tt
] TF7H 9 23t WEES T4 ATIRDE £4%
Z 3} 32] 5 (Diptera)?] Z T3} (Chironomidae)”} 69.0% =
7 Za3 Holgoz el 1 Hho] 2 7% (Copepoda)
23.2%, ZHd 1} (Arcellidae) 2.3%, MZHE (Branchiopoda)
2.0%, %7} (Rotatoria) 2.0%, 25 (algae) 0.1% 5 99.9%7}
=24 HolE AAlste A2 2 UEh, Hong (2004)9] =7
(algae)ThE F= AAFTh=s Huol & Xpo|& H|Hh A&
7 AR S BT oRE 2RE 9 44
AT L Tk oAl 59 L2 0,
HASEARR), £37 5o FEA HoIE T2 Q43
Aom Huxol & A} Hw A AR TH(Kim, 1978,
2008; Kim and Lee, 1984; Chong, 1986; Choi, 2003; Kim and
Ko, 2005; Ko, 2005, 2009; Kim et al., 2006; Byeon, 2007;
Choi and Byeon, 2009; Ko et al., 2009; Hong et al.,2011; Park,
2016). W2k4 Hong (2004)9] A= AHEE 2 oo] g2 o
2 wFEo] A7 S HA FUAY F7] o]F
o|Eo] F43] AT A7l AHYE7] el o
Aok 2o F=2 AAste v off naF N} EF
7} (Kim et al., 2006), BZF 7l (Ko et al., 2009), 7] %7l (Ko,
2009), HHE7M (Ko, 2015)= 384z Zt7a7t 71 5
a3t ool gitt. kAN AT Fof| F= AAste FF
7} (Kim and Ko, 2005)¢} 7] (Kim, 1978; Ko et al., 2009),
SN (Park, 2016)= 5222 stF4 0| &3} ZAth737t
i Fod Holgo, actie] B3 A7o] BE Eo) A
4ot F4AL YT AR A Faw ol
2 ekt AR e sol gl Aol mact
W52/ Ao wet wogo] Aol BYEd, T
A Aol £33 AL 22 WASYAT, 194 &
23 AHRIE, 28 oIS 2 ZTHTUE Mt
Y et 2017} 2 dolggel solaiae) deu
O °ﬂ gama} 237 AEe
(Klm etal.,2006), A&ZM+= &&= (Tardigrada)d 29
He 2, j24EES Ko eral., 2009), ETHJ‘E)‘7HL *FHF ST
2 A48k (Ko, 2015) 7] HolBE9 Aol= AR FF
Hom 7|7k 2 Hol|FEo|A A4t et =& Hola
717} 2 2ot 2 o] golAgko] dojuf FAR S B3
=9
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