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Impacts of Introduced Fishes (Carassius cuvieri, Micropterus salmoides, Lepomis macrochirus) on Stream
Fish Communities in South Korea. Dae-Seong Lee (0000-0001-7288-0156), Da-Yeong Lee (0000-0002-2457-2041),
Chang Woo Ji' (0000-0001-6133-9399), Ihn-Sil Kwak' (0000-0002-1010-3965), Soon-Jin Hwang? (0000-0001-7083-5036),
Hae-Jin Lee? (0000-0002-0380-7024) and Young-Seuk Park* (0000-0001-7025-8945) (Department of Biology, Kyung Hee
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Abstract  Three introduced fish species, Japanese white crucian carp (Carassius cuvieri Temminck and Schlegel,
1846), bass (Micropterus salmoides Lacepede, 1802) and bluegill (Lepomis macrochirus Rafinesque, 1819), are
dominant fishes in Korean freshwater ecosystem. In this study, we analyzed habitat environment conditions of
these three species and their impacts to fish communities in streams across South Korea. Fish community data were
obtained from the database of the Stream/River Ecosystem Survey and Health Assessment program maintained
by the Ministry of Environment and the National Institute of Environmental Research, Korea. Our results showed
that species richness and Shannon diversity of fish were higher at the presence sites of introduced fish than at the
absence sites. However, when the abundance of these introduced fish species was increased, the species richness
and abundance of fish were decreased. An association analysis showed that the introduced fish species had a low
similarity in their appearance with some indigenous fishes such as Siniperca scherzeri and Channa argus and
some endemic fishes of Korea such as Zacco koreanus, Sarcocheilichthys variegatus wakiyae, and Acheilognathus
yamatsutae. In addition, the introduced fish species had a low appearance similarity with a large number of
fishes in their association networks. Finally, our results presented that these introduced fish species influenced the
negative impacts to the stream fish communities, and they were potential risk factors for fish community in Korean
freshwater ecosystem. Therefore, it is necessary that continuous monitoring and establishment of management
strategy for introduced fish species to preserve fish resource and biodiversity in the Korean streams.
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AT FUL AAZ AT =71 7F Y F7, 7]
THSE QIS YE Ex9] HIE Q8| W2 F7ollA ®l
H3HA el dAFo|th (Meyerson and Mooney, 2007;
Francis and Chadwick, 2012; Bellard et al., 2013). A} 3

oz e AgHos WA JAEY KU 49 A
o Qe o71%) %3 WskE Aotk 53] A4

Aol A e Fe] FUSRE Qg BejA weto] A=, 1]
3 3 A grA¥gtct(Sala et al., 2000; Strayer, 2010). ﬂﬂﬁi
of §942 YA U BB hpT 2 THE
SA71 SV A7) e Wk A 750 Wl =
< sttt (Cambray, 2003; Latini and Petrere Jr, 2004;
Dextrase and Mandrak, 2006; Francis and Chadwick, 2012;
Kim et al., 2019).

SHAAEA Y FYEE e dHAF F odFe 4
A YDA JoWA gE BE Bl sHHAYH
Aol gt HEE oF7| 3ttt (Orians, 1995; Simon and
Townsend, 2003; Strayer, 2010). &g olF= A7 FAY
2 g Hge F3l sk Wi olF R A4 A=Y A
£ A7) 3, =2 HIE stch(McDowall, 2003).
o= etz W EFH7IE 46%7F AE IR
(9 9]; Asian carp)®] G2 TQFO ™ (USFWS, 2012), &
5 LA EA W AR Al A% EXL°1‘|T0 % 23
7b QA FT Z2AA Aol e AeE FHHUG
(Jackson et al., 1993; Australian Society for Fish Biology,
2001).

U E QfFY] FYS wIws] T =
FAH U] &F5te T AHBE FEALHA o
249, 20209 7]& =W AA dHFTS T 2.162F 2
2 o] F oF7} 885%F(40.9%)= AA|stT} (NIE, 2020).
Souet AN AYE Fa ozt ool
I} (Cyprinidae) B350 (Carassius cuvieri)®} AA-$
3} (Centrachidae) B2 (Micropterus salmoides)$} =572
(Lepomis macrochirus) 5-°] 1TH(NIER, 2007; NIE, 2014;
Yoon et al., 2018). 0|52 % U @ %A Y 2
}\4.9_ _ﬁq—gﬁ o]s'qz-l oz E?:]?l' ﬁgg uﬂ‘do-]‘— 197015]1:]]
z20 dEC2HE, vlAE 19739 Bjmo2RY, 282
2 19699 YEOZHE Eem 91tH(ME, 2006; NFRDI,
2009). FW =4 olF, BE9 ALAE FAOZ M43}

o A4 sHHS Bl SAE QI EIF shH oA o] Fof
A= o189 HA th4dolF (game fish) o2 ZHgFrom A
| #] ©1 g (recreational fishing)2 $J3] A= GFo=Z 9l
& &ito] ¥HY3}YH(NIER, 2007; NFRDI, 2009; NIE,
2018).

SEvket sEAE ANl A4St "BEolRe F 213F
o] 715E o] glom, S Fofx =3Pt X’\}Oﬂ/ﬂ 283
1309 E4ol57 71 TEE JATH(NIBR, 2011; Yoon et al.,
2018). 7 FUE Y olRe HEE b Wl E4R} o]
At A4 2 97 ol S AA St Egoliel I
37 =, oju] AR FoA= gHolFel gt A
A noz s wajrt dAstT Qi 20119 T
F ZAA Hi A bES, FEASA A, D2 o
2504 G243 A=Y F7H7F e AL (NIER, 2011),
S SHolA Wse) g ol ARTe] mato] WAy
sttt AF Ay RuEith(Lee ef al., 2013). vjA
of EF4L 1998 AEA nHYERZ A Q= o] SHH
of &3t A&HA HUE o] 35 o] 23 ITH(NIE,
2014).

W2 AFoA ol Fol ot A=A W Il
B35 Qlch(Latini and Petrere Jr, 2004; Strayer, 2010).
Tt of47kA] olsh AH thre] AT ol
& 27 B 9 olF ARl de ool I
7t 912 =], Yol 77t olF A el vA
ol et A= FET AR olth E35] vt
Qe o| 77t stHYEA ofF F-ol mA = FFol
b A7) vojste mebs B Aelds el 5
T8 ool R 3F(HEol, L, EFZ) sl =
3 BT SEvtet s A W o F 2ol wlA|

e 2SI

[ > T A o o okL l‘
of Mz £ et i of ~

Mz A Y

S S1 ) off 24 Amek NAX B4 Aas
SRS, ofF - gt Yol F 3% ("5l (Caras-
sius cuvieri Temminck and Schlegel, 1846), B} (Micro-
pterus salmoides Lacepede, 1802), 5372 (Lepomis macro-
chirus Rafinesque, 1819))9] IS A3}t
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SHH A EA dF2A K 73_70"*3 %‘7} ZAP AFAE
3 +5E A= T olF AR (20099~20161)E B8
}9TH(NIER, 2020). g A8 b}, 4%}, 27, A
7%, A A D AFE W AA 11,1597 - oA &5
(FE 7xTmm) S (F& 5x5mm)E A3 AH &
AA+E 7153 AT (NIER, 2019). o F =Lk of
yet digd 24 A9 31 W & 55 A (A=, 25,
&) ¥, Sl B2 I 5%, 42 4, W
%), ol3ktE SUBA (BEALT, pH, W/ HEE, o
5, Asketd At er, F AL F Q) 52 SN
(NIER, 2019). =3t A2AH R A|2H (ArcGIS 10.1, ESRI)
Z ol&st ZF AHY 1= 9 s AE 4ArESHTH
T FEAYAHEY (https://www.ngii.go.kr/) o A A
S 2% B w8 Agstel 22, A
T ke AEEE] FEARA A (http:/www.wamis.
gokr/)ol A AlFshH= sHRFEE o] &8ttt
AT PAEE T A FF 15 A G 55 ¢
4 Hl& 37, sk 293 &4 x}f—;(37ﬂ) o] X
A 24027, ol3ketd A A= (77)°lH, o1& 7
A7) AAA 87 Az Agstgn dmd A
0 B4 ARt 24 2R dat R Al
#ol AHgehsict.
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%‘J Xﬁx"’ﬂ*ﬁ AT o Aol R
staL, 2t 9 A4 84 EAS
AT 2 T A FHREE o83 75 B
H (weighted averaging method)& ARE-3}4] (Ter Braak and
Barendregt 1986) ZF 87 W<=o] digt Z+ F9] HFg 9
WA HHE A5 2o 2 7t H Wi et
AEE ZF FY AAR 9 nEo SHHATE VEe R, A
A 2AF AR 5 24 T A4 s AR AEs. st
Ao A9, 5ol 3~721 vjl& W 554 4~83) 3L
£ A% wWgol 0m of3h, W2 W B2 75m olall
Ade desgon, deE WS o Aol &
H3E A4 (presence site)? EHFHA] o2 AH (W&,
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o 2ol dg defoine] AHA FFL velsin
24 ZE gol® 28 AR 28 olF T M, F
ogE A 2 9]!“4101—,7«] =8 Al Afel AF 3
A Y A BHS 235t B3 23 o228 A4
Aeko] u}at Z’ilé(helfblvoreS)J—]' z/“%(lnsectlvore) Zr

2] (omnivores), —E’r/ﬁl%—(carmvores)—J A2 72| (feeding
guilds)2 FEst, 23 A 9 #&d AY W 4 4
4Rdlel 29 Mge nsch B4 44 FHoms
ann-Whitney U A3, A% &

M
} A 4= (Spearman rank correlation

E
o> ro, ﬂ.llO [11-1)1
)

;
He sujojgt 9]

coefficient)S ©|-&3}4th.

3) S B W QAL XIS A

oolne 28 AT wEE AH 7 olF 2 T
49 ROl SHalspy] S, Aol 139 3 &9 2
N2 AF 0 of 24 ARE olgalel Ay B4

(association analysis)< 433} A= X]—,—(snmlarlty
inde)Z ARSI ABA BAL oW g I &
Aehol wEHoz Holt ArdA YR FAA
k= " © = (Agrawal er al., 1993; Borgelt and Kruse,
200, FH4E B3 B4 o4 0% dehd g oare
222 4 ok 2 ATFNNE 2 24 A olF 23
oA E&s ofF 7t AR 413 (association rule)S 27|
al), A2 E312|Z (apriori algorithm)S ©]-8-3}o] A
A BALe Z‘lbﬂs]-oﬂt}(Agrawal et al., 1993). ATA B4
S 59 22 g A F8 F 24 AR E (uppory
A1 ¥ %= (confidence) °]] FP’—‘WIE Aesto] ALE-SFITh
(Borgelt and Kruse, 2002). 93 13 Y AA =9} Al
£ 29 B Sal AlAretth(Agarwal and Srikant,
1994). 23 1) 18] % olF F A%} BE] AAEE Ask
B7h BAIo] ZahE AW 48 WA AY 52 o] 7
S (P(ANB)), & Adll tigt AZ =& F A7} Uehd A
A F F B7F vehd A9 H&=2 A4SHATHPB | A)).
2 AT = A 2] 7HA] = F& A A=+ 0.10, 3
2 AFE= 0952 At F3E A5kt (Agrawal
etal., 1993).

oif 1 AT FAL A% olF, AV FAL TAT
= F R F°ll di3l Bray-Curtis 72 & Atkste] A
= A& 4FE3HITh Bray-Curtis A2l AYE|SH oko]
A de AREEHE B S stuE A3 1 &8 A %
T4E 1t fAIEE At W ot (Bray and

tlo rlo
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Curtis, 1957). & A A= oJFof sty &3 A
2 AH W AAFE o185+ Bray-Curtis A5 A4}
%11, Bray-Curtis Ag]+= HSAIZ X|g0]7] wj&of A
© (52 Wkl AR HTHGARE = 1 v AFE)

oF, Ay B AT % SAE A5E olgatol off
24 W AE AETS FASL, AATS PATHE B
(node; vertex)® AZAA (link; edge)> A F2& P43t
L ol % 7 PR Wt A2 3] (wid)k 2t
ol & 7 FAK= A= gholl vlFskH, B 27] (size)
<= Mg A W Bt 7H7<1]—r°ﬂ HjEgitt. 2% W ol
7F A7 A (A HA)E 929 A W (adjacency
matrlX)a 3l EAst9t E?} AELE o= I
TR e e olF Fol 2FHE A FET &, 1+
A A5 7oz Aste], a2 W i o7
OE olF F 1 28 HAMS gelskgich

71' .LLE:EH
TFolA A=z e] vl

4) 24
2 a4+
43t =35 Th(R Core Team, 2020). 7+5 Ha B
2 o183 AAg U WM R 2219 W analogue
i
U_

2 RAHe R ZZIPS o

7] A] (Simpson and Oksanen, 2020)E, B2 54 A4
Ag 34, 2909k A B2 stats 3 7] X (R Core
Team, 2020)5 AH&-SHETH A4 42 arules 3 7] %]
(Hahsler ef al., 2013), QAFE 2|22 AALE vegan $}7]7]
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(Oksanen ef al., 2019) & o]-&3tch A2y} o1y FE
2 igraph 7] X] (Csardi and Nepusz, 2006)2} corrplot 3]
7] A] (Wei and Simko, 2017)E ©]-&3t] 4 4 A|Z}3}s}
et
AA .

74 J-!-I'

1. QJ2H0IR 35| MA| 27 B4

2009WHE 2016W7HA] AR A=A 712" )
oAF 3F ("5l W&, EF2)Y i B 9L Fig.
13 Zoh AFF o2 ghols 1457) AFA, siae
4817) A, EF2L 2787 A H A &&35HT)

ZF ol o] 7o - W A4 B gt HAHg E W
A (M= Fig. 29 Zoh. sbd W 58 S F A

29 H]go] HEolL 8.6% (0.0~26.1%), HiAE 10.8%
(0.0~28.8%), EF4L 8.7% (0.0~24.9%)QoH, 52
H &2 HEolL 78.9% (45.8~100.0%), HlAE 59.2%
(19.7~98.6%), 222 60.4% (20.1~100.0%) 4 t}. E
3 & H]go] HWEol: 12.5% (0.0~43.1%), HlAE 30.0%
(0.0~70.8%), 222 30.9% (0.0~72.2%) Tt (Fig. 2a-
o). AAA Y FHREE Haort 3~72k, At £
FZ0] 4~82k Mo, Lr oA B o] (0~57.6 m)
L WA (7.5~71.8 m)¢t EF2 (7.5~708 m)ETH W X

Bluegill

Altitude (m)

[ Raad

Fig. 1. Distribution of three introduced fish species in the South Korea streams surveyed from 2009~2016. Crucian carp means Japanese
white crucian carp (Carassius cuvieri), Bass is Micropterus salmoides, Bluegill is Lepomis macrochirus.
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Fig. 2. Habitable conditions of three introduced fish species. C.Carp means C. cuvieri, Bass is M. salmoides, and Bluegilll is L. macrochi-
rus. Points indicate optimum values, and lines present tolerance range. (a-c) Proportion of stream flow types, (d, e) geographical factors,
(f-h) physical factors, and (i-o) water quality factors. (a) Proportion of riffle, (b) proportion of run, (c) proportion of pool, (d) stream order,
(e) altitude, (f) average stream width, (g) average stream depth, (h) average current velocity, (i) dissolved oxygen (DO), (j) pH, (k) electric
conductivity, (1) turbidity, (m) biochemical oxygen demand (BOD), (n) total nitrogen (T-N), and (o) total phosphorus (T-P).
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of YXsHATh(Fig. 2d, e). 319 24 84 F H+ &
$Zo WHo|7l 71.2m (0.0~169.4m)E 7 Ao,
Hj A9l BE272 77} 144.6 m (0.0~344.2 m)9} 147.5m
(0.0~301.1 m)Ft. 91 FH 452 g&5o7F 23.5¢cm
s (1.1~459cm s HE, HlA 192cm s (0.0~40.9cm s™)
o} E27 172cm s (0.0~36.2cm s HETH =74 et
o} (Fig. 2f-h). 4, g olF 359 A2 Y o]3}shA
A o5 7LEHFig 2i-0). 3%9 AAA BFE &
EAAFL 7.0~100mg L7, pHE 7.6~8.69 W92 1}
Epytth A7) A== W= HlA(0.0~1814.7uS cm ™2}t
E27(0.0~1778.6uS cm™)o] HE0] (0~1023.0uS cm™)
Hoh o §3laL, o] Wit 2 o} Y3teha] Abaa e
ZT AL, T QoA geolY A2 A7) et §$7E‘

oo 2 Az We A B

2. 220iF 352 £ X|H HIEH XY 2t
ojF =2 xjo|

stHAtpet N g VR0 R RS 7 Qo R FY
A4 7Hs AdE i FAoFe 28 A HEE A
Heg FEsto] vustgith(Fig. 3). 2 o7 &4
AT vEd A 7 &8 AR e AR /9
3t 2}o]| & Ho|n (Mann-Whitney U A%, HE0o] 9 ujjA:
p<0.001, EF7: p<0.01), BHH oz &8 A4 H
ol Uetytth(Fig. 3a). o7 &8 AHY v&d
A" 2 2@ AFY MAS B3 FAZLE {3 2po]

£ Holu(Heol % Hj&: p<0.05, EFZ: p<0.001),
HolF &8 XY olF AA MA57 vHEd AHET
A 3tk (Fig. 3b). o1F Y FUFE A Y olR 3
T 1% 29 A vEd A Ato] o Zolg B

(a) p < 0001 p < 0,001 p=0007 (b) p= 0022
50 1 8007 o
- - o ° ©
$ 409 1 T T T s
2 T . ; 3 600 °
9] ] : ! : < o
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o] (p<0.001), BrH o2 7} o] 7o & A F A
o =A UEstth(Fig. 3¢).

Z} Qo1 7o E& AN AHE olf 28 T¢
oAF MAe= 24 gAoFY MAe7t S/ of Fast
T e Holn, FHUE AgE MAE AYst BE
ojet ER oA Z+ ool 7o MA7L UM o A
SHth(Fig. 4). B3 o] 5 ol £d < 980 &
£ AL 28 oF A w2 EF4 A
o Foet 9 JHBAE EHHp<0.05, r<0).

Z+ ol F T 28 AT vEE A 1 A7
9] H]& Z}ol= Fig. 59 Zth gEojet vjs, EF49 &
A AF 9 HEE A 2R FAAY HEo] 7MY =8
I, o2 FAF, SA4F ol Bl 24 A
A HEd A AR F 24T AT UHA|
AARE v &N FAACE {3 ZolE EHAth(=
AZ: p>0.05, T4F, F4F E §24F: p<0.001). A
£ 2AFS A UmA JARE BlgoA &3 AH
I HIEE AH 7 FAZLE {3 Afo)7t e THE
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Fig. 3. Differences of fish community indices between presence (P) and absence (A) of each introduced fish species. (a) species richness
(number of species) in each site, (b) abundance, and (c) Shannon diversity index. C.Carp means C. cuvieri, Bass is M. salmoides, Bluegill is
L. macrochirus. Horizontal line in box means median, and point in box shows average. p-value was calculated using Mann-Whitney U test.
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Fig. 5. Difference of feeding guild groups in fish community between presence (P) and absence (A) of each introduced species. (a) Japanese
white crucian carp (C. cuvieri), (b) bass (M. salmoides), (c) bluegill (L. macrochirus). C: carnivore, O: omnivore, I: insectivore, and H: her-
bivore. p-value was calculated using Mann-Whitney U test.
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Fig. 6. Fish network in presence (P) and absence (A) sites for introduced fish species. (a) Japanese white crucian carp (C. cuvieri), (b) bass
(M. salmoides), and (c) bluegill (L. macrochirus). Nodes in the networks present fish species and links appear association between species.
Node size is proportionate to average abundance of species, and link width is proportionate to similarity index between species. Expression
of node name is shown in Table 1 (Japanese white crucian carp: O11, Bass: C4, Bluegill: I11).
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Table 2. Species showing high and low similarity with each introduced fish species.

Similarity Crucian carp (C. cuvieri)

Bass (M. salmoides)

Bluegill (L. macrochirus)

Acanthorhodeus chankaensis (0.282)
Micropterus salmoides (0.280)

High Cyprinus carpio (0.274)
Pseudorasbora parva (0.273)

Lepomis macrochirus (0.228)

Lepomis macrochirus (0.608)

Squalidus chankaensis tsuchigae (0.422)
Pseudogobio esocinus (0.411)

Carassius auratus (0.386)

Opsariichthys uncirostris amurensis (0.371)

Micropterus salmoides (0.680)
Squalidus chankaensis tsuchigae (0.409)
Pseudogobio esocinus (0.402)
Carassius auratus (0.399)

Opsariichthys uncirostris amurensis (0.359)

Monopterus albus (0.019) Channa argus (0.007) Leiocassis ussuriensis (0.007)
Zacco koreanus (0.026) Siniperca scherzeri (0.013) Channa argus (0.008)
Low Sarcocheilichthys variegatus wakiyae (0.027)  Silurus asotus (0.026) Siniperca scherzeri (0.013)

Siniperca scherzeri (0.029)
Squaliobarbus curriculus (0.033)

Rhinogobius giurinus (0.027)
Pseudobagrus fulvidraco (0.028)

Sarcocheilichthys variegatus wakiyae (0.026)
Pseudobagrus fulvidraco (0.027)

The numbers in the parenthesis are similarity between introduced species and selected species. Crucian carp means Japanese white crucian carp.

NAE FEZHOE B FEX] (Pseudogobio esocinus; 118)
&} 8o (Carassius auratus; 010), T2H0] (Zacco platypus;
028), 118] (Opsariichthys uncirostris amurensis; C8)2]
AA 7t ol E@stginh HEol &8 A= A
(Hemiculter eigenmanni; 013)2} &5-0] (Pseudorasbora
parva; 020), FE7 (Squalidus chankaensis tsuchigae;
025), 7l (Squalidus japonicus coreanus; 026) 5°], H]
24 AHNAN= FZAY (Zacco koreanus; 126)2} L o]
(Rhinogobius brunneus; 120) 5°] Zo| UETH (Fig. 6a).
HiA(C4)9 &2d AT vEd A 2F 429 W =
FA] (118)&} ™ol (120), FEAY (126), &1 (010), T2tr]
(028)9] A7t FHsch E3F oA &8 AHE EF
Z@na A8 (013), L (C8) 50l HIEA A NA= &
37) (Pungtungia herzi; 119)2} 3RS (Acheilognathus
yamatsutae; 08) 59| 7WA|=7}F ol Uehstith(Fig. 6b).
EFZ201DHY &8 AT HEE A= ZHFA
118)°} FHAAY (126), 5°1(010), F2H] (028)9] 7)A|4
7h go] Yehta, EF49 &34 A2 A (013)9 =
70 (025), ¥l (C4), 112 (C8) oI, Bl&d AHE& 517
(119)Q} WEX] (Rhynchocypris oxycephalus; 121) 5] 92
T W o iAleS AT (Fig. 6¢). & o17Y 3 A
A vEd AFoA 3F5HoE A= L5y ¥
o AG 2ol & ALt A, G50l LfolF 14% F
8FolA, Hiie 16% F 9F°l, EFEL 15F F 115°]
Qi olF & Ao w3 HlEd AHAA 28 NA=7H
o gol] Yehyitt.

Z+ ol 7t WS FAse o oF T #
At A5 AR A3 (Table 2), H80l= 7HIEAE
(Acanthorhodeus chankaensis; FAFE A4 0.282)9F &
A AL 7 =8k, o3 e 2 HiA(0.280), ol

(0.273), 52 (0.228)% =t FHZ2AY (0.026), 5
317) (Sarcocheilichthys variegatus wakiyae; 0.027), 27}
2] (Siniperca scherzeri; 0.029)%= FAZ=7F of9- 9
ok £ H5o] S AHoA "Eolet 28 FAETH R
2 (FAHE A= 0.1 oJsh A48T W oF FTe T 20F
o|Att. HiAE EF7Z(0.608)3 FEIN (0.422), B FA]
(0.411), 501(0.386) 51} At 28 S 2, 7}
EX] (Channa argus; 0.007)&} 2712 (0.013), 7] (Silurus
asotus; 0.026) T3= W2 £d FAMIE Bt wjA9
AAYE GYIE OfF T FAE A7} 0.1 013 2

T 2601t 742 2 (0.680)2F FE71(0.409), &

01 (0.399) 51 £ &3 FAIEE, 7HEX1(0.008)eF &7}
2 (0.013), &517](0.026) 5= ¥ FALEE Ech
E27 &3 A AZLES FAsIE oF F F 2750]
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(Gratwicke and Marshall, 2001; Yonekura et al., 2004; KEI,
2007; Hermoso et al., 2011), Q|2 o} 77} &3 QA
=8 olf F7F B FUIETF 22 A2 Yol Rl
ot 3 FFol otd, 28 o7l vt TS
=7 =& AYolA Zk ol 77t AAEa e Aoz
olsfErt Z+ Yol F =& A HA HEE Aol Hl3]
HE Bt 28 olF MAe= dHoifl AT 344
FEFLE F 5 Q7] ol2Et M s LA
ol77t g1 FodE A7t 2 A2 #F A

ol & sk & Fol ofF A4l At SF A
o5t o= L ojFol Al e wiR7HA L Aot

2 dFodes 4 Yo7 28 AFY vEd AF
A Edst= 01% ?%101] e HE AZ2LS F45H

o

29 0 7 olF F 7 AeA ¥ 2 A ek
2 Sjeiel 22 D Wad AWAN ofF 2 W 22
e 28 Agol HEW Aol 3l o e A 7

§X¢%€ E%iEHFg 6). °l=

A A7el ﬁza%w
Aol AP AL 2
# AR Ay 141 DREX
o Lkt 2t sidfelsel 2 AHE A ool
W.J HARelel Sgshs Fo 47wl trehde o)
Sleol 57t 2 2@ Aol 2A Aol ul3 AT A
4ee] ool A7) Ae QYL HelzTh

Y
u:Zi

]zqg

2. 0|7 ZToll cHEt 22017l St

ZF ol &d AHoIA A7 MATTE F

F =&of ojxl= g 251

Hiﬂf,:% T3] st

£8 I s £
01%5 ]-]xﬂ-,—ﬂ- R 59 AT
£ E3th(Fig. 4). kA st Wi Yol 7Y A7t
7t Qo7 &8 ARAA AAste &3 olF
T AT AT AR A4E

SN A RdER AP wje EFLO]
&, B2 AFlA Y YolRel T W EA 01%—4
3k vF glom, o] o2 Qg 5P W ojFol
9 g Ar 7 ERE T ok Jang et al., 2006;
007; Ko et al., 2008; Lee et al., 2013). T3t ZF 9]
A o7 A4 Hleolr IR v
Y 28 ARE HEE A vl3f BtHoz T
}_é}%‘! i/ﬂi',] H]% o ﬁ"“il—]' oﬂ]iv,] H]%
B3t (Fig. 5). 2450 FAFY vl ol R 35
FHLE Fou|Ft FAA AJolE Heon, o]
F AR HlE ol R A H B
zolF o] FAYo =z Qg goz FAHETH (McDowall,
2003; Jang et al., 2006; ME, 2006).

ZF Y ojF 28 XY AE dAFolME vt 2
FoF F A5 (Rhodeus uyekii)®} V&N (Squalidus
gracilis majimae), SR} (Microphysogobio yaluensis),
27, BRAY, BEA, A Sol wol Axast. Eat
Z} 9ol HEd AHY dZWoAE & AHol Hl
3 71&7, AR (Coreoperca herzi), $]8| (Coreoleuciscus
splendidus), 2GRS, ZZ4AY, &7 (Iksookimia
koreensis), &a17] & thd] LFolFolA o B2 &F
AAE BTk ARo1FY A Aol LFoFY A
AR B2 5ol I vE & %10"} 2 AtolM= L
ojF ¥ AA 1t Bt MASE Aitste] ARgSHE o
2hA] ol2jt Bl A= 7} QEH‘HE =30l 3’—%01§°ﬂ
m A= °§f*°i S 5= ok 4" d2YeA & F
R & FAEE T F Aol 9 Aa AT B
AEE 2ol WE AATAE u|dt). ol 7o A
7t F7FHA HH A2 W Qo R Ed FAMol
22 oFe 8 7 B AT Z7]0 FHAQ I
= WA E ZAo|th weba o] Fofl Yool Tt FAY
2 waf o] Fel A= gt o f A9 W E 5T &+ 3

aTra T MR
o} E3 3% ﬂfﬂM%—E =9 AFY dd%e FAshe=

A 2

TR i =

w M o K
mh" He) oﬁ,

fle Y. @ 9

0] ol/RE FAMd S 2o (g5 37.0%,
Hi A 48.1%, ‘;a“——é‘ 50.9%), FAHHo= 91?41°1v°ﬂ AUP
olF «A W T3

=2

I5AF 5 715E70 (Cobitis hankugensis)S}t ol x|
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(Abbottina springeri) 52 2t QFo|FY && AHo|ATt
NE ARLE TR, 2 AefolRet BE S o
2 WgITE kA ol ol SfolRet RS FHat
AR o slgolzo] oat Ul YHoR we Y
A g AfolFL s ditErt 13 AfoF 5 A=
v 32] (Koreocobitis rotundicaudata), AA7HA (Liobagrus
mediadiposalis), %7}2] (Liobagrus andersoni) o< Z+ ¢]
HoF HEd AF BE AT 2dstded, &
A ARte 2= o7 ALfolFo] Y olFol sl FF
= WA B XA BE Ao|z o] To] UgEA
T 4= Qlok wEka] 23 #fjol 7Tt S ofFoll FF
= A=A Feld dart o

Ut olu| S AL A A Y e YAF
o] Slelol ehefet AeE, AAA WAl AL 3l
t}(ME, 2006; Lee et al., 2019; Lee and Park, 2019). ©]¢]
SR E Qg E e A3 9 4 HRAE AR A2
a4 A E HEAY S st HSde UTH(ME,
2019). & A9 2}, = A W FU| A 50
| 7h7te] A ol F 352 A3 b W o F 23
I LfofFol] FAHAA 43S v, AR
T2 oF Tl FFE v A= AL gabA
SHAAEA W YAE ] et v AL Al RS9
AEo] gt FEETt ofyzt 71& s Wi o Foll o
s A%49 BUHY Best a7E 293 A)E @
79 2 a7el AnolH vl Az} gol, 2 afolt
27] e 484 A% BHE AT 9716l (Kim el
2013; Yoon et al., 2018), & oF FE F= A2 4
W& e Wt uho] G asi)

2 AT = offF - et oo FFE
ofyet A4S Bl Y olF 35Y FAA FHff o
FT= otttk A% 2 AFolA HE ol FEnt
Uzt et ol F 9 SHHAHA W g BEEF
ol et A A7t SHETHH, YA ARt
et ool 7ol FF 7S Tl LfolF BHEL Y
W o7 A e Fofl tig FAAHU AE AY HE Y
e et o] 7Hed Ao = AzbEh
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CA ()
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