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Habitat Characteristics and Feeding Ecology of the Siberian Stone Loach Barbatula toni (Pisces:

Namacheilidae) in the Bukcheon (Stream) by Yonglak Jeon and Myeong-Hun Ko'* (National Institute of Ecology,
Seocheon-gun 33657, Republic of Korea; 'Kosoo Ecology Institute, Seoul 07952, Republic of Korea)

ABSTRACT

The habitat characteristics and feeding ecology of the Siberian stone loach Barbatula

toni were investigated in Bukcheon (Stream), Eocheonri, Ganseong-eup, Goseong-gun, and Gangwon-
do, Korea from January to December 2013. B. toni lived in rapids or slow rapids from the upper
stream to downstream, with the largest number of inhabitants in the middle-downstream regions. As
a result of analyzing habitat preferences by age, 0+ and 1+ to >3+ showed differences. Ages of 0+
(juveniles) lived mainly in rapidly flowing water (37.6 £26.79 cm/sec) and low water depths (13.3+9.47
cm) in the pebble bottoms (substratum particle size 9.5+6.66 cm), but ages 1+ to >3+ lived mainly
in relatively slowly flowing water (13.3+17.33 cm/sec) and relatively deep depths (25.9+10.31 cm) in
stone and large stone bottoms (substratum particle size 18.0£7.63 cm). B. toni was mainly eaten from
March to December when the temperature was above 5°C, and the amount of food eaten peaked in
June and October. Their main food sources analyzed by the index of relative importance (IRI) included
Diptera (57.0%), Ephemeroptera (29.3%), and Trichoptera (13.5%). The juveniles (age 0+) fed on small-
sized prey such as Diptera and Trichoptera whales, but as they grew, they mainly ate large-sized
Ephemeroptera. These feeding habits and changes in food according to the growth of B. toni were
very similar to those of sibling species, B. nuda.

Key words: Barbatula toni, stone loach, habitat characteristics, feeding ecology

A =2 o gdEo 2 7R $houk(Kim et al., 1988; Yang et al.,
1991), Kim and Park (2002) ¥HE @ 240] ujad S0 }o]
Z7) 7+ (Namacheilidae) X157+ %15 (Cypriniformes), 1|3 £ =9 S dEFANE s sHAE e SN

243} (Cobitoidea)ol| &3 EFT2E f-Etr|ote} o g 2]
ofof| ThefstA &3}sto] 424 618F0] A4lste Aoz Hiy
%131 (Kottelat, 2012; Nelson et al., 2016), $2|Ugtol= 24 3%
Q1 &7 Barbatula toni, N5ZE7N B. nuda, B0)32] Lefua cos-
tata7t AABEIL Q)Th(Chae er al., 2019). et 2744 o
Fo e QR FH, @44 TY A2 A=F #olrt )IA

A 29 A (A7), WHE (L)
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+ FHHLE fAste] RRSA R =gho] Ho gh=t, F
< 39 FHA E4oz fA FEEE Aol HuE{rh(Cao
et al.,2012). TN FEx= A HuAHS 7|Eo g S
ZediA olFo AAste Aoz g A U (Kim and Park,
2002), | Hl59] FEjA EAo® Foete] AYE 4w A
A o] 58 sho] st YR AZHT} Az 3=+ ¢
XA, o] 2 o Exd= A0 Z HIEQI(An et al., 2021a),
=olole 429 Rk, gAlore] Al 9 Aot TR 5
of AAlsh= Ao 2 &4#A 9lth(Kim and Park, 2002).
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LUt MG o= sHd T 47 &= =, A H
ol WA Adlste diB8d A AYFLE T2 LS
2 AAISH= o]& 2 B35 o] (Kim, 1997; Kim and Park, 2002;
Byeon, 2010) A A BojakgollA Fa37F 22 &HAL A
< St Qloh F00 B3t At R 2R A= I
o} AP EA DNA F7|4E E4 (Kim et al., 1988; Lee et al.,
1990; Park and Lee, 1991; Yang et al., 1991; An et al., 2021a,
2021b) 5o] AR Yesta A= A (Ko, 2017)°0| of
e Atato] itk FATeIM = tEFFA Q] 9 F = (Park and
Kim, 2003)2} A& (Byeon, 2010), &0]32]| o] 27| A} 5
AFHAYE (Park et al., 2020; Kim et al., 2021) 5-°] 1, =2

% B. barbatula, Metaschistura cristata, L. echigonia 5 4

3 5o hslAet AEARe A3, Ak 9 AN S AT
7} A= RS Eolth(Symyly, 1955; Sauvonsaari, 1971; Mills
et al., 1983; Eros, 2001; Hofmann and Fischer, 2001; Saat et al.,
2003; Vinyoles et al., 2010; Aoyama and Doi, 2011; Patimar et
al.,2011).

webA] & AT AR S HAA S A
8 AR HEE AAAE 5 2] ABeHY 54 U

5|3 2FE vla - olstuat shict,

ME YW

1. ZAXIE & 712

ZAF= 290 B. toni7} AHo 2 AAISH= Ao 2 H1E (Lee
et al., 2010) L= 13 M35 HHoA 20139 195 H
12€71A] AAIsHeTh 719 sy &2 E4L 97| 9
sto] BHO HAYRHE R/ 3~5km HH 22 97 A
A& ARt 55T 7R (99)ell 42 1AM 2ARSH T
(Fig. 1). /1Y A4 Aol HA8H 52 /1Y HeA
ARl A= AT 75 7 E (St 7)ol A AT

2. ZZA} HitH

1) JE 2

AL 2 (B2 1x1,4x4mm)S AHgatgoH, AHH 7
A= nhHA MS-222 (Sindel, Canada) & v} ste] AT} 4%
52 AR & A4 9 ARk Bo] "ast /iAlE 10% X2
2o 2AEIE T 1 & Al vl wRskgch

f
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2) MAIEH

A FAh ANA EAS walv] e 2uey 8
3} e AT SR TR HED §F, 24, 2
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109, TR & 2H5ALT, SHIBE Kani (1944),
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Fig. 1. Map showing the study stations of Barbatula toni in the Buk-
cheon (Stream), Ganseong-eup, Ganseong-gun, Gangwon-do, Korea,
2013. St. 1: Jinburi, St. 2, 3: Jangsinri, St. 4, 5: Gwangsinri, St. 6:
Eocheonri, St. 7: Ganchonri, St. 8: Daedaeri, St. 9: Bonghori.

ol

2= Cummins (1962)2] 2o uat dAA}oA |9t
2 FEego JHE AL 7Sl 23 M7 HEE (Con-
ductivity), 8E42%F(DO), pH, 4% 5% $45%7] (HI-
9828, Romania) & AHE-sto] Z7g3H4ich =3 YA 42| (St. 7)
o] ¥ 4 WIE I fste] miE 1249 FYS F&
2 Zsh} 12Mske 20139 1958 12971 247
AUAFHA L WAMIS)®] 71 A2 (&2 BE)E o143}
HTH(WAMIS, 2013).

3) HHY MAX| MSE

M A% AR AS=E atelstr] $i8) 92RE 10¥
7] AL ol MAER AT 4, MR 2718 24
3t 3 0¥ AU EELE (Ko,2017)E AR FA0+)T}
19 (1+), 2848 (2+), 394 oJH(=3+)o=2 &8t vl
stom, BAA 5242 SPSS 21.08 AHE3te] A Yul x| EAE
B4 (One-way-ANOVA, a=0.05)& AAF T AFZEA LSD

testS =35+t

4) AL

2F YAE WBkES Lohuy] 9Iste] 20139 Wi A 100
mm o]49] AAE 10~15AAE ARstel HAAAE (AN
ARANA X 100)3 BRHAF WS Arshgich. 2shzny
88 BAS AZE 483 79, 98] AWY AR 24
Qe A A1 10% 2 5-golo] vz nYstect 1
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FEE SIS AT § FRE Ailstel Lpidid=E
3|2 & v 4 (Olympus SZX9, Japan)T} 33+ 1|7 (Olympus
BX50, Japan) Aol Al Yoon (1995)2 Won e al. (2005) 5ol o+
gt £ALFS B 5% AFst 39S ST o
O] B2 Pinkas ef al. (1971)9] B0l @k} A4 (%N)<} H1)
(W), AR (%F)E o83t dthZE 24424 (index of relative
importance, IRD)Z AAFIRI= (%N + %W) X %F)3t & HESZ

g /HAle A34E &4 Ko (2017)0] wheh AFE= &3}
hil

Mo kI oX
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A3k (%IRD) B]m3Hiet. =g 4ol uhE Dok o]
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1. MASE o 87

rlok

BHNA 27 B. toni= A (St. DEE 23 (St. 9)71A]
o (riffle) B = A& (un)°o] FAHE ol HF A4ska
Aol AA9N7E - HRleh 58] Lw=7t ol A A2E
(cobble)T} &2 (pebble), E& (boulder)©] Bo| Aro{gla of&
o] & FAHE T 3FH(St. 5~8)°] B2 TASe] A4k
AT MR 9 +8E FYT B, AT (DO)2 8.0~
103 mg/LE2 E9rou, A7|HM = (conductivity)= HHHE 70
ps/cm ©J8F2 W9kl pHE 7.1~7.82 H|1LF FAo] 7ML
o, L St. 9(0.2%0) S A8t B 0.1%0 ©]3H2 LfepgT)
(Table 1).

2. AEE MAIX| MSE

Zh9 AHE AR BEAS 9~10€ &A% A, F71
L 84 20.3+23.22 cm/sec, 4 22.3+11.57 cm, SHAAAF

155+£8.30 cmQl o&of F2 AAsta Ut AP HolM=
FAM Zo] (0+)7} G 37.6+26.79 cm/sec, T4
cm, M} YRA7] 9.5+6.66 cmE SA4]0] ot
£ AZodgo] F2 AAE v, 134 (1+)5E 39 o4t
(>34)& &< 13.3+17.33 cm/sec, 41 25.9+10.31 cm, 3}
AYA 271 180£7.63 cmZ A2} 50| A =9 o &
of| Mgt} FAMY AojH) £AHLS B Z3 E A7]= H AR
o §52 =3A {3t ZolE EHtH(One-way-ANOVA,
P<0.001). 19FE 334 o] AT 79 AR A
IEA AT fE52 |9 Ao)7t §%LeH (One-way-
ANOVA, P>0.05), 3H3¢A 271 194 (16.3+7.72cm)©] 2
WA (20.6£6.34 c) @ 338 (23.7+£5.52 cm) BT} 9k7F ZHgpo
o (One-way-ANOVA, P<0.01) 2¥X 3} 3 7tojl&= (-2gt
Z}o] & Ho|Z] &3kTH(One-way-ANOVA, P>0.05) (Fig. 2).
T AR AFE vig 714 oo AAlskaL ek A}
Z BigolAe RE FaA Aojglen IR 1dAgo] 23ty
Aok 134 o] JHAIEL tiFE ZR2EolU 25 ofefiollA]
A==, & 27171 S7FHEA AAlske AAsE SVt
= %S BHth & 27] 8~20cm (n=19)+= 1.2+0.42704),
21~30 cm (n=26)= 3.5£2.3270A], 31~40 cm (n=9)= 5.6 %
336714, 40 cm ©]&F(n=3)& 9.7+9.6870A7} Aol & =
717} F7¥stAA AAIAISE 5435 S7kste AR Bt
(Fig. 3). 7P W& /A4 45cm 25 offo)l A 16703171 3]
" Aol g e dECE Sl Sk Wol A4star

AYAT E F02 Folghs RIA B go] A4k ek

3. MAIAER

1) MADHKIE 2 BRMAR wat

4 B5F7IE gobir] ffsto] a7 dE 2=oF AAA

Table 1. The environmental conditions and collected number of Barbatula toni in the Bukcheon (Stream), Ganseong-gun, Gangwon-do, Korea,

September, 2013

gt River Water Water River Altitude  Dottom structure (%)™ to mv::;zfure DO  Conductivity No. of

width(m) width (m) depth(cm) type* (m) M S G P C B ©C) (mg/L) (ps/cm) 0. toni
1 30~50 5~30 30~100 Aa 256 - 5 20 10 25 40 122 10.1 58 7.8 10
2 70~100  10~30 30~200 Aa 92 - 10 10 20 40 20 14.0 9.7 58 7.8 5
3 60~80 10~20 40~100 Aa-Bb 68 - 5 15 20 30 30 14.6 10.3 58 75 7
4 80~100  10~50 10~150 Aa-Bb 46 - 20 20 30 20 10 174 100 59 7.6 12
5 100~120 10~30 20~120 Bb 28 - 10 10 20 40 20 171 9.5 66 7.5 25
6 100~150 20~60 30~150 Bb 16 - 30 10 20 25 15 16.7 94 57 7.5 108
7 150~170  40~60 30~120 Bb 13 5 30 20 15 20 10 16.8 8.9 59 74 181
8 200~250 20~50 30~150 Bb-Bc 2 10 40 40 5 - 174 8.1 66 7.1 44
9 300~400 200~300 50~200 Bc 30 50 10 5 - 17.9 8.0 250 7.3 3

*River type: by Kani (1944), **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).
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Fig. 2. Comparison of water depth, velocity and substratum parti-
cle size by age of Barbatula toni in the Bukcheon (Stream), Gan-
seong-gun, Gangwon-do, Korea from September to October, 2013.
The diagrams indicate the median (horizontal line) and 50% range
(rectangle). Open circle indicate potential outlier and black star indi-
cate extreme value.
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Fig. 3. Number of individuals living Barbatula toni by stone size of
in the Bukcheon (Stream), Ganseong-gun, Gangwon-do, Korea, from
September to October, 2013.

F43] st M= 290 17RAI7F A1 st Ad4)
AAE 8.3%, BHAHATFS 0.02 gL, o]F 49 HAMNAE
72.0%, B 0.16+£0.08 g0 2 FZ3] ALdtgor, 6
o HANAE 87.5%, B4 FS 020+0.11 g0 & HHE
Btk 792 AANAIET Hatd Aol 60.0%,0.10£0.05 g
oz astglon, 8doll= AAMAE 87.5%, BaAdAFE
020+0.11 g & 3E3}t4H 9¥ (£ 16.7°C) °|FHEL= 7]
23} o] AEH o7 sl 12€ (=2 5.1°C)7HA] Wot
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ol HAANAE 100.0%, BHAHA T 0.18+0.12g22 F
A AL BYAL, olF 12 AANAIE 41.7%, BT
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25 (Trichoptera, 24.0%) 52 <ot ota| 5L 2ttt
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Fig. 4. Monthly change in the temperature (A), feeding individual

rate (B) and average pery weight (C) of Barbatula toni in the Buk-
cheon (Stream), Ganseong-gun, Gangwon-do, Korea, 2013.

=3} (Hydropsychidae, 11.5%), 38d =2 7} (Glossosoma-
tidae, 5.8%), 29 =T} (Rhyacophila, 5.8%), 7FA'd =2} T}
(Goeridae, 1.9%) 2.2 9= 7} 7H3F &9kt 1 9o &
7 =AA 5 (Hemiptera)®] U= Micronecta (Basileo-
necta) sahlbergii (1.0%), ‘A= (Hymenoptera)®] HA]'H 3} (Ich-
neumonidae, 1.0%), &3 5E5 (Annelida) 7} (Clitellata)
A x| o] & (Tubificida)9] A X o]} (Tubificidae, 1.9%), H
& 5EE (Platyhelminthes), &+&7 (Turbellaria), 47 3=
(Tricladida)®] Z2}2] ot} ( Planariidae, 1.0%)7} &= Sict.
FogolNE 2579 steAelEo] 41.7%, T & 36.5%,
SediE 18.7%, W5 1.1%, HFTEEY 7185 1.5% 59
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Fig. 5. Ontogenetic (age) and seasonal changes in composition of
stomach contents by weight of Barbatula toni (n=50) in the Buk-
cheon (Stream), Ganseong-gun, Gangwon-do, Korea, 2013.

95.0%, 74O E 57.5%, SR & 42.5%, FFe == AX
HolE 50% 59 <22 gE|Fo] 7P 4Tt HAere &
FH], 2EREE BF X33 AdF a2 4 (%IRDE ALt
3 A}, 928 57.0%, sHRA01E 293%, SR E 13.5%0]
I 9 EREE 0.1% vire 2 Yeht gejgo] 7k Fast

Hol =0l et
3) 8% E—J AZo| e Ho| =Y Hs}
4%(8%) % Ao W Ho| 24 (FFF) Fig. 59+ &

Sttt *3%011 w2 "ol 24 ZAut, A (A 40~70 mm)
o2& 602%, SEHE 34.0%, 5tFEA0|E 58% SO2 H|W
2 2717} 2R g5 TR S Bol AAlska Blad =7
7h 2 st ES AA AJAISHH. sHA|YE ARl wobAH
A 2717} 2 sHRAelEE 343 S7ste] 34 o dellA=
574%= Z715t B 9252 238%, YR B 159%2 7
231ch Ao whE Hol 24 A, 52 B 42.5%, 5FF
Ao 30.8%, L& 263% 52| 02, o EL lFAo| B
79.8%, FHE 18.5%, S HE 1.8% 52 &0 2, 7132 1
5 47.0%, S=HE 17.3%, 574015 11.7%, 718 (&=
ofz}, WA H I}, AR FolT}) 23.9% o2 Eh}t B3 7k
2 g2 Eo] 7HF E8hoy o5 shRAo|Eo] 7MY ES8iTh



BH MAXI S o HAMER 283

Table 2. Composition of the stomach contents Barbatula toni (n=>50) by frequency of number, volume, occurrence and index of relative impor-
tance (IRI) in the Bukcheon (Stream), Ganseong-gun, Gangwon-do, Korea, 2013

Season (n=50)

o . Total Weight Occurrence IRI
Prey organism . L Sep. Total (%) (%) (%) IRI (%)
Arthropoda A 5E&
Inseta 237
Ephemeroptera 3}5/o] & 13 9 6 28 269 41.7 575 3944.7 29.31
Ephemeridae 354o]}
Ephemera orientalis “&%3tF4ko] 4 4 38 19.2 10.0
Baetidae EUI-OP—?AJO]J}
Acentrella sibirica 3L3IF40] 1 1 1.0 1.1 2.5
Baetiella tuberculata ) S 31F40] 2 2 1.9 23 50
Baetis fuscatus 71%3tF40] 2 1 1 4 3.8 3.6 10.0
Acentrella gnom 7 gst540] 2 2 19 0.3 5.0
Baetis ursinus *-&38-F40] 1 1 1.0 0.2 25
Ephemerellidae &2}3}54o] a7}
Cincticostella levanidovae R18}3%}0] 3 3 2.9 50 7.5
Serratella setigera B FL2|3}32440] 1 1 1.0 0.1 25
Drunella aculea %38}3%+0] 1 1 2 19 1.1 50
Heptageniidae ‘g&}8}t24ko| 3}
Ecdyonurus levis Y| 8-F40] 2 2 1.9 3.1 50
Epeorus pellucidus F-3 - F4o) 3 3 2.9 43 75
Ecdyonurus kibunensis 73 8}5410] 1 1 1.0 03 2.5
Caenidae 52| 540 2
Caenis KUa 552 5134k0] KUa 1 1 1.0 0.2 2.5
Leptophlebiidae Z=lj 8} #4ko] 1}
Paraleptophlebia japonica 5223} F4to] 1 1 1.0 1.0 2.5
Diptera 72| & 23 14 9 46 44.2 36.5 95.0 7672.6 57.00
Chironomidae ZtHtx+ 14 14 7 35 33.7 225 80.0
Simuliidae H3}2] 3}k 9 1 10 9.6 139 25.0
Tipulidae Z-ehz¢
KUa ¥zttt KUa 1 1 1.0 0.1 2.5
Trichoptera =& 19 2 4 25 24.0 18.7 425 1817.0 13.50
Hydropsychidae %22}
Cheumatopsyche brevilineata But&'d =2 6 2 8 7.7 59 20.0
Hydropsyche kozhantschikovi &' %2 2 2 4 3.8 4.7 10.0
Glossosomatidae 332 = 2 3}
Glossosoma KUa Ze)gd = KUa 4 2 6 5.8 14 150
Goeridae 7HA g =2 2t
Goera japonica QE7HA =2 2 2 1.9 25 5.0
Rhyacophila &&= 33}
Rhyacophila KUa B2 =8 KUa 1 1 1.0 2.0 25
Rhyacophila nigrocephala A2z &g 4 4 3.8 22 10.0
Hemiptera =34 & 1 1 1.0 0.2 2.5 3.0 0.02
Corixidae 881
Micronecta (Basileonecta) sahlbergii o233 1 1 1.0 0.2 25
Hymenoptera 3% 1 1 1.0 1.1 2.5 51 0.04
Ichneumonidae YA "E 3} 1 1 1.0 1.1 25
Platyhelminthes 335 &8
Turbellaria ¢+37%
Tricladida 471 3% 1 1 1.0 15 25 6.1 0.05
Planariidae Z&htelotat 1 1 1.0 L5 2.5
Annelida 335 &%
Clitellata 3%
Tubificida A ¥ o] & 2 2 19 0.3 5.0 11.2 0.08
Tubificidae A o]z 2 2 19 03 5.0

Total 56 25 23 104 13459.6
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ZM o Foll A AAA EF 2 AHAAE = o 7R Hol
ATFER] gob ZHBA Nl e Tl &ot= nlFte Tt
(Cobitidae) o1 FE Zgsto] |- =25ttt 2=yt F7)
I olF= IMET BAnRLe s oA, &S F
2 3 AFY =3 AZo] B oo, Ani&e §5
o] Lejil 27 W I &, B, £8P Sofl A48t
of ZolE Hole ALz LHT(Kim, 1997; Kim and Park,
2002). & ATNAE F7) B. tomi'= S Agko] Bl o] 2o
YRR Ao BARGOL HYP Yo BYRE
8 AR A9l B 2ol ASER 5 skl ok
A1) ool Aol mt. BRI o1F 7 el B
ZIN& lksookimia®y £54X<% Kichulchoia, N]Z0| 8<%
Koreocobitis O15= X243 o] Z2d AR E= =W o9&
Ho 22 A4S Aos deld B F3 uud SAskact
(Kim, 1997; Kim and Park, 2002; Ko et al., 2016).

2700) AZE AN ABE A3k GEA ol 0+) 44
o] ¢OLF(133+947 cm) 942 WHE(37.6+26.79 cm/sec) A
Zrojgoll AMAst] 13/ (1+)~334 ol (=3+)9 +4S
HnA Z1014(259+10.31 cm) 452 = (13.3+17.33 cm/
sec) &0 AA5te] ZolE HYh nj e} off F A
2 Fof 2 AAsks FEME o R AE Iksookimia
koreensis (Ko et al., 2009)2} HoF27] 1. pumila (Kim and Lee,
1984), 47N I. longicorpa (Kim and Ko, 2005), 534570 I.
yongdokensis (Ko et al., 2016), @457 1. hugowolfeldi (Park,
2016)= A 2|o)7F pAlo] &L o] milf- =’ 3ol A
Alste] =4lo] WA Z13 o] WhE 1~3WA) ZHAIe 2o
£ Hol|x, Ao FrtstaA st} 71E 7|7t FTNeke AL
2 RHuEo], & Fut ] g AT s 71E 27] HSke
H| 22 GARH O U -2 Wit o] H3ks Hof 2ol & Elt

T A7 € E5F7e £ AN AS A=H
A=, TMe 285 129712 A sl AAAE
9 B AFE 5~69,9~10¥9] F ¥ FHo| et
&<l 7~8¥€E vlwd A Yyt AF7HA] A7 m|
3} o] F2l &£/l (Kim and Ko, 2005)&+ &£7] Cobitis
tetralineata (Kim et al., 2006), &N, &2l C. nalbanti (Ko
et al., 2009), EF7 I. pacifica (Ko, 2015), 54F7] (Ko et
al.,2016)2] 4 57| A= A H o2 3URE 10871A]
AAE ot HANAIET FAAlEollA 5Ea oY RS
Hol= Aoz yeht AAIAQ AFe 253 v A fALSH
o, Il o] W2 29 12€90l= A4S sto] mlAty
I} ojFEO B LEANE HJAEFo] 7HR Ao r wrty
Aok, vt} oj oA d EEF717F AFE F FolA BT
7} (Kim and Ko, 2005)2} 237 (Kim et al., 2006), ZE70, &

27 (Ko et al., 2009), BHEA (Ko, 2015), BHEA (Ko ef dl.,
2018), 1| &7 C. choii (Ko and Bang, 2018) 5& F3A4 ol
2, AEM v Koreocobitis naktongensis= °F4 7=
2 u 9t (ME, 200), oF7H] Z743} ofgoll Al o @
$7715 Q78 o Q] el 2F @77} Basha 47
Hrt.

B AHE FATES 22 A LAY olRE o
Z 9F=d]| (Kim and Park, 2002; Kim et al., 2005), ¥ ZA} A1}
HolBES AT AT (RI%)2 AL At 25749 ot
25 (57.0%)3} FF015(29.3%), e (13.5%) 5 &
o Fasl3on 27 (algae) T 424 Yol WEHA Yot
FAEZTE T2 AAste 434 olfE HEt 2dF3d
RWEZE HolaolA] ey, steidels, drdlE ¢ 2 =
Al Yrebdthal B 3131 (Byeon, 2010) & 3 vl AR
%ol wE Yol BE Wsh= 22l HellA iz o7} wte
&, d=dlE, stRdolE o= Wol dastt st wt
253} R RS gasta shRde)ES G4 Flshe
Aoz yeged, ds3E $32 dollA dddA| o= 1t
257} o] w2 &S XS A4AsHHA 0]59 H]
& sl sHRA| RS FUkste A& Histo] (Byeon,
2010) & T FARE F3S Bk AdE HolYEL2 Ho
o251} stRAoly, oFols st geE, 7ol
|5 degEo] =2 AoE Yeged], ols HoldEd
TALZ f50] BAR Wt o 59 Futz Q3| Hol Y=
o] AU FX2AF Har} A ez wiH F
Mot FARE 23t = vpeo] AAshs vlfted} ojRES
Ader SEA Yolot 2FE T AAst =275 A4S
A 2 TN AolE Bon, 54 Holde G
(Kim and Ko, 2005)2} 2H27) (Kim, 1978), ¥¢+&7) (Kim and
Lee, 1984), NJ2u|d2] Koreocobitis rotundicaudata (Byeon,
2007y BB} E0IBE Bol HAstel & 34 v
SARHEOL, FUEA he 23t AHZHE (Branchiopoda) (Ko
et al., 2018), SHEANE T BT} GEHE (Park, 2016), 2
M=vdta)l= 225 (Hong et al., 2011), 52| Kichulchoia
brevifasciata= g=I B3} 312408 (Kim et al., 2011), T
u|3e] K. multifasciata= =53} 1+2] 5 (Chong, 1986) 5
& T2 A4ske AL g Hugo] 2 Fi} 2ol HErh

o OF
pef -

EH| A8tz W Barbatula toni®] AA1A] E4 9 A
AEE g13]7] 948 2013 195 E 129704] Y= 14
T S BN 2AE AASHIT M= JdFE
HR7IA Y g T b/ &9 3 A4 vl 445}



edl, AAAAFE F-HFE7F 7P gt ARPEE A
A2 Ased A% 23t FEA 0+ 198 (1 +)~3d4
o (=3+)2 THEEE, FELE F50] MEIL(37.6+
26.79 cm/sec) =Al0] Yo (1334947 cm) A2 v (G
7] 95+6.66 cm)oll F2 A AFFAX|TE 1HAE~3EA o2 F
&o] vlw3 =23 (13.3+£17.33 cm/sec) AL H|wE 7o
(25911031 cm) 2253 5 H=(sHER7] 18.0+7.63
cm)ol] F2 AJAste] ZpolE Btk Fhe F2 5°C o4 &
£ 3959 E 129717 A4S 59, HaAdAlES 69t 109
of A¥E BYch 431 WEES AT LAAAFIRDE £
A3t A3}, ut2]E (Diptera, 57.0%), 3+%4H0| & (Ephemeroptera,
29.3%), == (Trichoptera, 13.5%) 52 €22 =A YE
ot A Kol 2717t AL gEEd GRS F2 A4
Ao AASHHEA 2717t 2 A RS F2 HAlste 9
o]HERS HAth. ol T HolHg L Al wE ol

#ske AohE tHEEAN B. nudast - GALSALE.
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