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ABSTRACT

This study investigated the characteristics of fish communities and inhabiting status of endangered species
in the Bukcheon (Stream) of Seoraksan National Park, Korea from April to September 2020. A total of 4,356
fish of 7 families and 22 species were collected from 17 survey stations during the survey period. The dominant
species was Zacco koreanus (relative abundance, 41.8%), and subdominant species was Rhynchocypris
kumgangensis (relative abundance, 15.1%), followed by Pungtungia herzi (10.1%), Pseudopungtungia
tenuicorpa (5.0%), Coreoleuciscus splendidus (4.1%), Zacco platypus (3.8%), Microphysogobio longidorsalis
(3.5%), and Hemibarbus mylodon (2.2%). Among the fish species collected, 14 species (63.6%) were identified
as Korean endemic species. There was one natural monument species (Hemibarbus mylodon), and four species
of class Il endangered wildlife that were designated by the Ministry of Environment (Acheilognathus signifer,
Pseudopungtungi tenuicorpa, Gobiobotia brevibarba, and Brachymystax lenok tsinlingensis). Among the four
species of class Il endangered wildlife, B. lenok tsinlingensis inhabited in the upper stream, and A4. signifer, P.
tenuicorpa and G. brevibarba inhabited mainly in the middle-lower stream. Also, P. tenuicorpa, H. mylodon,
and B. lenok tsinlingensis were inhabited in large numbers. Additionally, two cold-water fish species (R.
kumgangensis and B. lenok tsinlingensis) and one landlocked species (B. lenok tsinlingensis) were collected.
According to the results of cluster analysis, the dominance index decreased from upstream to downstream, but
the diversity, evenness, and richness index increased; the cluster structure was divided into the uppermost,
upstream, midstream, and downstream. The water quality of Bukcheon was evaluated as good overall since the
river health (index of biological integrity) evaluated using fish was evaluated as very good (11 stations), good
(2 stations), and normal (4 stations). However, river repair work was being carried out in some areas and some
wastewater was flowing in from the midstream, therefore, supplementary measures to preserve fish habitats are

required.
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St} Porolss SHAAEIA ) HolAl HAHY) A
VARA SREAE el IR AR o
o2 A ABtH AR Qg olRe| o) W SR, AejA
AeAgs §o dAde S5 REpe meg
(Nishimura, 1974; Kim, 1997; Moyle and Cech, 2000;
Yoo et al., 2016). L 573 Y5t A2 Be) A4
A, @, shsol AMEALL QefiFY =9, sPAHIFAL
T T AAR] aQloR Qe ot E AT
Zo 2 93 u|xal 9l e m(Jang et al. 2006; Kwater,
2007; MAFRA, 2010; Ko et al., 2017), ]33t ggFo =
B F50| BE97]0] AT AR HIET QTHNIBR,
20115 2019). o] ZHolq FYZYE DMZ WEAo|
B9, o7k} g7 <17kl 7hio] Z|4siE xejow
AAMEA Y] Rz A JTNPRI, 2019; ME and

NIE, 2021a; 2021b).

Aobike 1970 Stepak, &Ejitat §7 ST HoR
AAEJATL FATLGA FHE AA T AT, LH2A,
oFokto] AA glow FUW2AL 398 2km’ o] tHKNPS,
2022). B4 dofal=rel g o] 23H sk 5 7 2
shdo R, Mokit AlAF (A 1,204m) o) A BFIste] Al
02 I AEH FRE= AY2g kol AlAls,
of7-5(1,708m), wj-5-4K1,271m), FH5(1,319 m) 52
17t w2 AR Egi] Qlo] ARHAIFI T & dEE o]
Atk ESH P A% 22.5km, 2 30.2km, <A
304.15km’0] 11, 8 272 JAHT} FHAH So] 9lon,
TS iR QJofo|n AR XA F2 FAHAL Wbt
Erstci(Kwater, 2007).

B Aadtz Mol g TUAYLRAIR 17]
(MHA, 1992), 27](KNPS, 2000), 37](KNPS, 2010)7} 4]
AE QAL R EE5H7] oAE 19 5 E59
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(Brachymystax lenok tsinlingensis)2] JThA A X2 vF& %
O (Ko et al., 2021), 71 & HA7|IERE AHE o]EX
(Hemibarbus mylodon)S} 73 5AA HE97] oA =
59 7}=8117|(Pseudopungtungia tenuicorpa), =]
(Gobiobotia brevibarba) 5-°| AA)3l= Zlo] HIE Ut
(KNPS, 2000; 2010; NIBR, 2011; 2019).
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Aol vl melo] MR 9 TlRES AN STA
sl
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2o AF 5 TSI 35k HH0R 17N AWE
At 2t 2AAH S BT 9 GPSE thet 2
tHFigure 1).
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Figure 1. Study stations in the Bukcheon(Stream) of
Seoraksan National Park(gray region), Korea.
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HAA 7 % SRska aolel ShEI 9 44 Se
Ag] =48 WY (Yardage pro Tour XL, BUSHNELL,
Japan)a} A5 o]§sto] SA5HAL, SPHFS Kani
(1944), 3H-2+= Cummins(1962)9] o] wgit). Et
S (stream order)= =2 1 : 120,000 7|&0. 2 AAkst
Fom, 1=+ Google Earth(Google Earth Pro, USA)2]
BEE olgslleh o] 3F8hA 22 A7 R HAE
2= A|(T-250A, ASAHI, Japan)9} 42274 7](HI-9828,
Romania)Z o]&3}o] 4=&, #7]# = %(Conductivity)2} &
L (salinity), 84k 7HDO), 420 &5%(pH) 5= 574
SHRTE ERF 20201(1~129) 9] 8 S dolRr] 9fst

TASAAY F 2 AFA ol YA7E FHTSA(St 1624
St. 17 Aol Qx))2] Abg(§EAAEE, AETH Ak g Atef
(BOD), 3}8}4] 4k4 @ FHCOD), FH-=4(SS), T84
(TN), F%U(TP), $=420]- 25 =(pH), F77|etHTOC), A
NNRAELE, FHWEATHTO), S dNE+t, 2222
-a(Chl-a)) & o]g3dto] AR+ gk AL, 4 552
SRR EAIAR O] A 9 AV A 27| Rl w7
A 2, Fo o EF2, BSOS, U, i
U E ro] B8R tHWEIS, 2020).

4. 27 24 2 5t AN Tt

ofFo 3 S4e Wel7] fls A= (Dominance
index)?} thoF=(Diversity index), w5 =(Evenness index),
=2 X (Richness index) A|+E Ar=31 tH(Margalef, 1958;
McNaughton, 1967; Pielou, 1966; 1975). #--F12= XA}
X 24 23 J|A =& Z2AZ Primer 5.0(PRIMER
E Ltd, UK)S ©]&3}4 BrayCurtis FAI=S AARE &
LA 2ARRHEY] S Sevet s A%
4 B7HE sl e 2d(IBDS of-8sto] sbd Ak
(stream order)ol] we} 8712] MiEZ(MI: =W F9f & F
T M2: oS4 AA T, M3: 9IS, M4 A9
WA HlE, MS: 4152 ZiAl4= Bl&, M6: U £9]
A% Al v, M7 ARE 2 F9] & Al MS:
HA 9 WAl vlg) EE g AlAkRE 3 fhibsto]
OJFAEAIRFADE AFESIGT AFEE oAFAEAT=
]2 £2(A, 80~100), =2(B, 60~80), EE(C, 40~60),
LHE(D, 20~40), 19~ YB(E, 0~20)02 S5 7253
THNIER, 2019).
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AOPIRTY BAL 79} OjRE £ Ao B
%ol glol Aol Werslln SAA FAA7} v
Hglo0] ZAA] tto] doMIRUEY 1) Ei A2
Ajejo 2 Aol vma F BEEo] etk 2AIY
o] BHEL. 13~200m, S-E-L 5-130mE H|A W7} W9
om, £AL IR E 0.3~1.5m GO} St 7 H4Le AV}
AL o] Qlo] 5.0mzE At == 232~606mS 1,
AL Al (Aa type) E= 78 (Aa-Bb type)o] 312
o, sPHAkp= 2~5%), s iR S5 (boulder) it &
(cobble)o] M-S =& | AFA|5IIE: shHlof Hob A%
g AHL St 2, 5,9, 11, 17 57 A Ho]glom, o] St.
2, 5, 11, 17& o]&e7} Aa=]o] QUiet. ZARKTL & %
AL 8% = A5 St 4, 110]3l=t, St. 11 =79 &
o] o] ROIHT, St 41 ofB9] B4R 2zt 43 BE
ARZE Z7HEel A E|glom, St. 5, 179] QIR Y(1km ©]W)
oA SPHFAE BEE QT Table 1).

2290 49 697, 6 1828, 9Y 13~18TE 690
AV ok, ARl 2ARe olR7 420l 1~
2CE 2po7} Aot 6doll= 4-8CE H|w 2 & Aol&
BTk A7JAEEL St 13~14(2 157~185us/cn) 2 A9
BT 100s/em ©]3FE LrOFT, A= St 13~14(% 0.07~
0.09%)E AlLlstaL 0.05% )82 Wttt S24 AT =4
< 11~14mg/L, 64 6~8mg/L, 9¥ 7~9mg/L2 4¥o| =11
6go] 7} H@okon, pH= tiF® 6.8~7.58 F/dl 717t
He & 2AF o] 23 EE EHIE49] 20204 2
O AR EAATF 10.77mg/L, BE8H4 4HAQ
0.49mg/L, 3Fa+Al AbAQ 1=k 1.68mg/L, H-552 0.47mg
/L, 2224 1.10mg/L, &2 0.0lmg/L, $A0]&%% 7.2~
8.5, ZG7|ekAeF 1.23mg/L, A7|AEE 854 s/em, A
o 1951(F A wH4+/100mL), /g a4~ 42.8,
Zz 2, 0.725ng/m' 2 UFERFon], 3] 31 Aje
97471% TRHAR Wleln EOg R R eHES)e) &
A RF ) S Aol ABIRL T, $57]
gaw), Faed, 83T, S M g a4

o9 F&ol itk

2. 0=y

ZAZIZE 52 1770 Aol AHE off= B 7k 22F
435674 S cHTable 2). I 824 Jo]THCyprinidae)
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Table 2. List of fish species and number of individual fish collected in the Bukcheon(Stream) of Seoraksan National Park,

Korea from April to September 2020

Scientific name Stations Total I}A* Renl?
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17 (%) -rks
Cyprinidae
Acheilognathus signifer 3 1 4 0.09 EnlILE
Pungtungia herzi 25 9 20 5 9 25 33 26 45 48 35 96 75 451 10.12
Pseudopungtungia tenuicorpa 1 13 17 8 37 18 96 32 222 498 EnlLE
Coreoleuciscus splendidus 7 10 3 18 9 5 11 13 7 24 8 7 28 32 182 4.09 E
Squalidus gracilis majimae 34 12 46 1.03 E
Hemibarbus longirostris 5 2 6 8 9 17 47 1.05
Hemibarbus mylodon 32 2 1 1 15 11 9 28 99 222 NE
Pseudogobio esocinus 8 5 5 20 38 0.85
Gobiobotia brevibarba 3 2 11 0.25 EnILE
Microphysogobio longidorsalis 5 22 7 9 22 37 52 154 346 E
Rhynchocypris oxycephalus 71 2 73 1.64
Rhynchocypris kumgangensis 35 180 69 102 26 43 11 22 5 27 144 7 671 15.06 E, C
Zacco koreanus 142 115 37 366 87 49 55 110 98 160 119 43 155 195 132 1863 4182 E
Zacco platypus 37 16 34 15 25 42 169 3.79
Balitoridae
Orthrias nudus 8 1 2 1 1 2 15 034
Cobitidae
Misgurnus anguillicaudatus 2 0.04
Koreocobitis rotundicaudata 4 5 3 6 5 7 2 35 079 E
Iksookimia koreensis 6 9 8 14 5 1 19 12 83 1.86 E
Siluridae
Silurus microdorsalis 2 2 3 1 7 2 17 038 E
Amblycipitidae
Liobagrus andersoni 4 1 4 5 5 6 6 2 3 3 5 44 099 E
Salmonidae
Brachymystax lenok tsinlingensis 4 9 7 5 9 2 3 5 44 0.99 EnlLL,C
Siluridae
Coreoperca herzi 10 5 7 13 8 14 8 13 8§ 8 193 E
Number of species 16 7 2 4 15 5 6 5 11 13 15 15 1 5 9 15 16 22

Number of individuals 357 326

76 147 547 146 81 112 212 192 392 300

27 204 219 545 473 4356

“Relative abundance (%); ““N: Natural monument, EnIl: Endangered species II, E: Korean endemic species, L: Land-locked species, C:

Climate-sensitive species

7} 14202 74 Wby, 1 the.0 2 uTa|aKCobitidac)
3%, ZJl|3(Balitoridae), ©|7]1KSiluridae) S7}2]3}
(Amblycipitidae), $10J3)(Salmonidae), ZZ|2}Centropomidae)
= 14 53ttt 28F & 152 AU (Zacco
koreanus, 41.8%), oF-HEL F7FWX|(Rhynchocypris
kumgangensis, 15.1%)G.0H, 1 th2- 0 2 =317|(Pungtungia
herzi, 10.1%), 7\=&2117|(Pseudopungtungia tenuicorpa,
5.0%), #18l(Coreoleuciscus splendidus, 4.1%), 0|(Z
platypus, 3.8), Bl 7HAF (Microphysogobio longidorsalis, 3.5%),
O EX|(Hemibarbus mylodon, 2.2%), *Z7N(Iksookimia

koreensis, 1.9%), WSX(Riynchocypris oxycephalus, 1.6%) 5
o] =02 A tHFigure 2). MARTEFS AA7|E&
oA 1F, SHFAE BEH7] oI E 159 597t
Z(Acheilognathus signifer), 7V =5117], &40(Gobiobotia
brevibarba), B-E-|(Brachymystax lenok tsinlingensis) 4%
5 85 50| ZUsT FALRES BUAE, 7S
317), #18l, 7=N(Squalidus gracilis majimae), 4153, =
o, w7k, 7R, FEAY, AZe|Fe)(Koreocobitis
rotundicaudata), ZE7N, v|-47|(Silurus microdorsalis),
57V (Liobagrus andersoni), ZAX|(Coreoperca herzi) 14
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Figure 2. Relative abundance of the fish species found
in the Bukcheon(Stream) of Seoraksan National
Park, Korea from April to September 2020.
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Figure 3. Dendrogram for the cluster analysis based on
similarity index of the fish species found among
the stations in the Bukcheon(Stream) of Seoraksan
National Park, Korea from April to September
2020.
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S 1~16Z2(HF 9.4%)02 St. 13} St. 17
o] 165C% 71 Wokal, A /NA|G= 2747370 A (B
256704 = St. 57} 54770A| = 7P gkt S 3
AY 1270 A, 754 S A o2 I AYZE 7
wokth XY A% A4E 044~1.009) HYZE St. 33}
St. 130] 1.002.2 7}&} &=9F1 St. 179] 0442 7FA W29ro
], T X4 0.80~2.262] HPZ St. 170] 22602
7V =9k St. 47} 0.800.2 71 Ukt 45 E Ap=
0.44~0.82 HLZ St. 177} 0.822 7} &=9ka1 St. 39| 0.44
2 7 ko, ZHE x4k 0.23~2.559] HEYE St
10] 2552 7P &9kt St. 30] 0.230.2 71&F Wkl A4
oz B, ARolA HFE 258 SHEE WokA iyt
RS} FEE, FREE Bt FFE RYrKTable
3). BT Primer 5.0& o] §3le] FAHES A4 F
ago® TARE Ax), RS 3, 13)9F AF(St. 2, 6,
4, 14), &5(St. 7, 8, 9, 15), E&(3}5, St. 1, 5, 11, 17,
12, 16, 17)& Yo FHth(Figure 3).
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Table 3. Community indices and index of biological integrity (IBI) in the Bukcheon(Stream) of Seoraksan National Park,
Korea from April to September 2020

Stations
Index Total
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Dominance 0.60 0.90 1.00 0.95 0.74 0.89 0.74 0.71 0.67 0.65 0.52 056 1.00 0.92 0.87 0.53 044 0.44
Diversity 1.93 1.05 031 080 141 1.01 125 127 1.64 174 205 2.03 - 0.86 1.03 196 2.26 2.26
Evenness 0.70 0.54 044 057 052 063 0.70 0.79 0.68 068 076 0.75 - 0.54 047 072 0.82 0.82
Richness 2.55 1.04 023 060 222 080 1.14 0.85 1.87 228 234 245 - 0.75 148 222 244 2.44

Table 4. Index of biological integrity (IBI) in the Bukcheon(Stream) of Seoraksan National Park, Korea from April to
September 2020

Stations

2 3 4 5 6 7 8 9 1o 11 12 13 14 15 16 17
Ml 125 104 00 00 125 00 21 00 63 63 83 63 00 63 63 63 83
M2 125 63 00 42 125 00 21 00 104 125 125 125 00 104 83 125 125
M3 125 104 63 63 125 63 83 63 125 125 125 125 63 125 104 125 125
M4 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125
M5 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125
M6 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125
M7 125 125 21 42 125 00 00 00 63 42 63 42 00 125 63 104 83
M8 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125
FAI  100.0 89.6 584 64.6 100.0 563 625 563 854 854 896 854 563 917 813 91.7 91.7
(grade) A A C B A C B C A A A A C A A A A

Index”

*M1: Total number of native fish species, M2: Number of riffle benthic species, M3: Number of sensitive species, M4: Proportion
of individuals as tolerant species, M5: Proportion of individuals as omnivores, M6: Proportion of individuals as native insectivores,
M7: Total number of individuals, M8: Proportion of abnormal individuals

5. 51 ZAZHA T} HE 37]7b4] ASE|QLg(MHA, 1992; KNPS, 2000;
2010), 17]+= JAH2AP} obd EdRAfolH ZAREE &

P A7/E ot Abpel] whEt ARBEASFADS o2} AAE o] QA SFOHMHA, 1992) E Aol A]
Hyvel Aak 177 (A 2 We 22 117 -, 22 270 £ HlaskA] kgltt. 27] AR B T A 63]
A, B 4l Aes vebgtt $EH0R WSS zapete] 61t 183 8897A17F A E QL TKNPS, 2000),
AR BIEM4), FAT] A HEMS), SUFA M 37) 2apo s 197) AHL 63] 2AFete] 8T 22F 1,539
A4 B1&(M6), HI/d52] 7hAl4= HI-&(M8)- i~ =7 MA7F 2 ILE QTHKNPS, 2010). £ 2A}F A3K47]) 177
Uekgtth 2y sliEe F FeMI), o= AXFY x]zLCL 33 ZApst] AAE 73} 22F 435670 A4|2}F B nsh

FM2), TEM3), AhE =W F9 F AAHASMDE w2 Aol 2AREIZ|| Ko7} glo] AEkel ulmis B 2
AR 2 2ol B, 53] 47 2 4R A mE‘Jr Zosl nwA 2jo|7 AT ARl 5/\}%;
St-3, 6,8, 132 o] ¥l ghol WA et A 2 Aolg mgi, F4t 3719 4717k 271 Rk wgkn
T P RS BEo s B7IHgir(Table 4). MR 47, 37), 27] 0.2 Wkth AR 2

sl o B zAjoA E£3EHA] e oj2e EnpriM.
valuensis)®} =5 A7 (Pseudobagrus koreanus) 2350 3}+=

L B, E0bAks 37] 2004 2218 17AAI7), =54 3
7] 2AA 1A AR Ao, o]F $EE
AL ARATE Ao AR 171 o) ghasteiA sjasbA) AAE) el & 2}
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Table 5. Historical record of ichthyofauna in the Bukcheon(Stream) of Seoraksan National Park, Korea from 2000 to 2020

Natural resource survey of Natioal Park

Scientific name 2 3rd ath Remarks™
(KNPS, 2000) (KNPS, 2010) (Present study)
N RA’(%) N RA(%) N RA(%)
Number of surveys 6 6 3
Number of survey stations 7 19 17
Cyprinidae
Acheilognathus signifer 4 0.09 EnILE
Pungtungia herzi 77 7.77 46 2.99 451 10.12
Pseudopungtungia tenuicorpa 4 0.40 44 2.86 222 4.98 EnILE
Coreoleuciscus splendidus 20 2.02 163 10.59 182 4.09 E
Squalidus gracilis majimae 46 1.03 E
Hemibarbus longirostris 15 1.69 7 0.45 47 1.05
Hemibarbus mylodon 18 2.02 58 3.77 99 2.22 N.E
Pseudogobio esocinus 14 1.57 17 1.10 38 0.85
Gobiobotia brevibarba 2 0.22 12 0.78 11 0.25 EnlLE
Microphysogobio longidorsalis 5 0.56 122 7.93 154 3.46 E
Microphysogobio yaluensis 11 0.71
Rhynchocypris oxycephalus 1 0.11 6 0.39 73 1.64
Rhynchocypris kumgangensis 25 2.81 132 8.58 671 15.06 E, C
Zacco koreanus 623 70.08 655 42.56 1863 41.82 E
Zacco platypus 43 4.84 96 6.24 169 3.79
Balitoridae
Orthrias nudus 4 0.45 74 4.81 15 0.34
Cobitidae
Misgurnus anguillicaudatus 2 0.04
Koreocobitis rotundicaudata 2 0.22 39 2.53 35 0.79 E
lksookimia koreensis 1 0.11 13 0.84 83 1.86 E
Siluridae
Silurus microdorsalis 4 0.26 17 0.38 E
Bagridae
Pseudobagrus koreanus 1 0.06
Amblycipitidae
Liobagrus andersoni 4 0.45 10 0.65 44 0.99 E
Salmonidae
Brachymystax lenok tsinlingensis 2 0.22 7 0.45 44 0.99 EnlLL,C
Siluridae
Coreoperca herzi 29 3.26 22 1.43 86 1.93 E
Number of family 6 8 7
Nnumber of species 18 22 22
Nnumber of individuals 889 1539 4356

"RA: Relative abundance (%),
C: Climate-sensitive species

oA
1]

L S5 o
A5t & Al 2aT

Olt

EApl A Z2
MT, e

*'N: Natural monument, EnIl: Endangered species II, E: Korean endemic species, L: Land-locked species,

N, B3t (Misgurnus anguillicaudatus) 3%0]3]+=0
B AAR7E AREe| . AR B ghot A3

1, 3
ES }Oﬂ

e e ete]A] 36(4) 2022
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A AYEA] 2 Ao R dEti(Table 5).

Ao &d3 AR ITFTS AP HoM=d¥
A AARARAL 27], 37]0|4 FEH LR HA7IEE olF
A|(A2595) 2} 2R BE27] P E 59 7h=
E117], 540, d5o] 5 40| 2H(KNPS, 2000; 2010),
2 2PN = AT E o EX 9 S FEAY BELI7]
ORI E IIF 9] BHAE, 7Hegily], &40, 450 5
5%o] ERlEo] BHARE 150] F7F=2 ERIE ]It o 54
© AL JRX7 A AAske A RECRE o
2o AlterE Ae 553 $4S 7 AoE dERle
(Choi and Baek, 1970) JX17}+9] tet7d, sH7e] AR
5, 274 soll AAst HE G4 ARl dsldoe=
EREo] AAo] ShitEaL Qi AC R HAlEAL QITHME,
2006; CHA, 2009; NIBR, 2019). 3}x|9t 2 &0 F747
2 AEE o7 Huro] BAxYS] dgtoz Q13
APl 2]017F S8l AlEA o7 BHRE AL IEHCHA, 2009;
2012). 5HOA o]FA= LARYH A&H o g Hud g
2 N7 AAISEIL Y (KNPS, 2000; 2010) AtfEH =
£ 2.0~3.7%= Yept AR 2717 2 9t glo] A=
ERE

ZheE7]= 200595 SR HEVEoRE XA
1AL, ARl AR} ] S ARl AAehe
SRS o2 S5 ARl gt B SRS
Sh= Ao 2 ®H 1 EQtHKim and Park, 2007; Lee, 2011).
E37toM= 5 23t 5 T W, 9, &
A7, 7VE A Foll Wol A4sh= Zo] HIiEI(NIBR,
2019), HHol|A= Aoi=rd5d AARFAZAL 27]0014
= 370 A 470A4](0.4%)(KNPS, 2000), 37]¢f 57} #]H
A7NA2.9%)7F 3 27 B FAFHoNA YR = FCHKNPS,
2010). & ZAIAE 54 B 9 GAH 87 A HolA
22270 A1(5.0%)7F A= =, 53] B F oSt
11, 12, 16, 17)°] @& 7WA7F AAlstaL Qlo] =55 ik
54 F ol vy AAA7E & HEELL A4 &
23t FE5 F9 H|Fo] o 4behsa=l ZAA = Hol
A AISEAL A7) wZol B HAIZE AAE 4= UdE A
o= yoEr)

ol 2012 A F BEL7EoR AL, d
T olFE 20| W2 Y} ARRY YT AREY
Haltof] AAI5H= xFRZo]tKim and Park, 2007; NIBR,
2019). E3HolA= BHE Edsto] QIEH, WH, =4
A Tl g2 JHAZE AAlstaL Qle Zer HAEY
(NIBR, 2019; Ko ef al., 2021), EH o= HoAlLHF
A AARLZAL 270 A= 17 A% 27]4)(0.2%)KNPS,
2000), 37]9| A= 27 A& 770A(0.5%)7HKNPS, 2010),
Ko et al2021)2 531 Aol 770 A3, A 378 A9

Al AABRE g Bkt 2 RAbol| A= B3 AFR(St.
1~5) 3470A), FAH(St. 6, 8, 9) 107§A] 5 4471A)(1.0%)7}
A =fo] BlaLA Ko et al(2021)9] Aol fARRE Fix
e Hrh

E4ol= 200595 E SH EEL7EoR X ES]
i, A} A TR EE & AR oF
o]Z w2 ool A4Stz Fhralf-Eo]thKim and Park,
2007; Ko et al., 2011). E37 o A= 4L Z3ste] 9]
54, WA, 3317, A, AEH, 347, 7F8H S
sk Ao 2 KRG I(NIBR, 2019), E4oA= A
oM HE Y AFARFAEAL 2704 1A R(FAA) 270A
(0.2%)(KNPS, 2000), 37]o]4] 5A-(FAH 1A, &2+
3AH, AR 1A1F) 127041(0.3%) 7F 243 =] SAEHKNPS,
2010). & ZAfA = A S5k 3A-A 11744
(0.3%)7F A= o] FhFSH = vl d] APRALe} FAF
SR, SFA A= 37|19 Lol EFollAl 7HE Hol
AR =] o] FAFSFAANE 2719} 37]0f| A 37t ATt g
AFol| A= A4 SRIEX] oo} zto]E Kl

EHARE 199697 S E AT 2 A5
QL ARl AR} ol AAShE S alfEe
2 Tzl AW 2N (Unio douglasiae sinuolatus)2}
A FFE 2N (Lamprotula leai)ol) AtershH(Baek, 2005,
Kim, 2014), 53 Qo= 2739 Q&3 o
A Ak o] ZRIFUTHNIBR, 2019). FH A= AHot
A AAAEEAL 271, 37104 EFEHA] Egken,
O 5 2] o A 2AL 2719 FH RSt 1)of|A
A Aol ZRIEJIME and NIE, 2019), 2 A= &
A (St 1) = SRSt 16) = A5 ollA] 470#(0.1%)7F
s, 8] St 12 ARl 271 B4=0] 9
Geiol 227) WA WO SPAE AT KA,
Sef7} Hazsto] A2z A4Sk glo] FEE gl
Telt BA1) el JYES fue] $27) 7o)
AT A 2ET Bo| RS At ARTHE
SHaL Qlo] BuARe] Ale A0l Aeurs) Hol
Aol A ok o] AR Al A
4 Zlo® woEch

B30l AAERE 1 FHSILE(ISA ol BB
o 7w 2%0] AAFHTL Stk B AR 1-5)2
UL 6-9NHE F % BE FUsH A28 A%
O} FHAA RSt 13~15) 0 A= FAFEARE A AlstaL
Slo] 0|2 Witk QAN AN BEo7t AT
U2 AU F&ol7t T ojFom 40| WS Hutot
b o] & a7t FAE o] Qlojof AAlo] 7HEghd|
(Ko et al., 2021), TAH A7 olddt +4lo] & &

fr ol —\1
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W FAEA L Agolfolr] tRe] f4j0] Ze A7} A 477504,

Eo] QIA] et o] Yo Aio] 7hsdt FoR Jang, M.H., G.J. Joo and M.C. Lucas(2006) Diet of introduced
gohE o} largemouth bass in Korean rivers and potential interactions
HHo grE Mozl zos xAE o] REHly with native fishes. Ecology of Freshwater Fish 15: 315-320.
Qo] vl A A7} ZF HEE Qlglon, BAylE40] Kani, T.(1944) Ecology of the aquatic insects inhabiting a mountain
222w gEE Eo] Wjo 2207 eyt o2 o stream. In: H. Furukawa(ed.), Insects 1. Kenkyu-sha, Tokyo,

$3 SHHARA WANHE AREE Aslet ol o PITISIT (napmeso
° zoAE oz Uehgth EH(St 3~4)TF GAH(S Kim, H.S.(2014) Spawning ecology and conservation of the Korean

6~8), TAF(SL. 13) A= E5(B)olH ES(O)= B7}
==, shd o] ATt =& AbollA A&7 o
o FHRGT} 2~4FE FA|TE A o] A 4220] Yo
] A& 2)7} Tt A4 F4et RAI=TE A7) wel
s do] BA HrhE Yo s whtEch wekalo
2 2ZAF AA Z St 4, 1137} St 5, 17 Q3L sHAZA}
YL HA o F AAA|7F wdEI Igicy 1ejal st
13~142 Fof| A7|A=wet Qrrt ot =4 Ueht -4
=S, ol Bl e Hag f4o] 5435 44
gk Aol 4] o] X3 Qltoll R|eh 5 9 HA A WA
g et dEIE b A= o s FHE.

Aol B4 AAHoR & o, §ARESE S
TS5 xFoto] F 73 2259 W2 ofFTh Al4lekar shd A
7 e v gt Ao R HriEo] SR
oheE AR oA APE L Q= sHFAeE AR QI
e g oA FolEl= A sk 87 wEkagle
2 Ueh7] wie] FEEe sPdgAle A skl gt
F7F FUEA GEE jd utHo] Fasioba T
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