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Effects of Habitat Disturbance on Fish Community Structure
in a Gravel-Bed Stream, Korea
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ABSTRACT: Fish assemblages play an integral role in stream ecosystem and are influenced by stream environmental
conditions and habitat disturbances. Fish community structures and habitat parameters of U.S. EPA rapid bio-assessment
protocol were surveyed to investigate the effect of stream environment and habitat disturbance on fish communities at 13
study sites in the Gapyeong Stream, a typical gravel-bed stream. Principal component analysis (PCA) based on data from
habitat assessment at each study site indicated that the study sites were differentiated by habitat parameters such as
embeddedness, velocity/depth regime and sediment deposition, which were related with bed slope. A total of 46 species
belonging to 12 families were collected in the Gapyeong Stream. A dominant species was Zacco koreanus, subdominant
species was Z platypus. Hierarchical cluster analysis based on species abundance classified fish communities into the three
main groups along the stream longitudinal change. Non-metric multidimensional scaling (NMDS) portrayed that fish
community structures were related to major habitat parameters, /e, epifaunal substrate/available cover, embeddedness,
velocity/depth regime, sediment deposition, channel alternation and frequency of riffles. These results suggested that fish
community structures were primary affected by the longitudinal environmental changes, and those were modified by habitat
disturbance in the Gapyeong Stream, a gravel-bed stream.
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Eo]3FHA A AR gef gake 7] wZel (Poff
et al., 1997; Taylor et al., 2006), o172} 274 A}o]
of TAZ ek Aol 3 AeA] WA B
o =& o]t} (Wilhaber et al., 2000). o]&F %]+
ol G )AL B B aolomA 44 4
A, s A4, A4 ol 2351 (Gorman and Karr,
1978; Angermeier and Karr, 1983; Poff and Allan,
1995; Rowe et al., 2009), o|&st 52|24 A4]1Z] &
78 1159} s AR AR WAIE 7T (Maret
et al, 1997). 224 £33 Q012 2 &
FAL, BRE, UL, 0GR So| ek (Lenat
and Crawford, 1994; Meador and Goldstein, 2003).
o5 B4 L RH EL BPHOR ofF 24
FZ0) 9 w|ZIth (Jackson et al., 2001; Taylor
et al., 2006).
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water, 2007).

7FEA ol B ol woll TRt A== Hong
(1991)0] 25, Nam (1997)0] 479 R 7=
S131 glont 2 4B ofF4 B ofF Al
iz A7k o)l NA] skoke shde] AL %
7 ) o5 ohjet of5o] MYER: $3S
Alofl sB7Ire =M A o] A7 e B7Ishe A=
ESFE o] FofA| AL Qi) 53], wls 2o ARt
7 AJEE715 (RBP, rapid bio-assessment protocol)
(Barbour et al., 1999)0]] A|l&=+= 4412 H7HI}
ol ZAIE Waslol 514 BT} wako] B2 oji
@3] £99) S 172 Afell 7} 9k (Pinhalla, 2004;
Price and Birge, 2005).

weh B oA AgshdoA she] £
2§} maol nhE offt PATEO] WEE U
7] $lsted, ZHEAHAA (1) o452 Axstel ofF 2
ATz 4L 98I () Beld sHHey H7hy
& Agsto] A4 BHE Bkl (3) oIF 2
Faoh MAA) 8 9 mekke] A Wl 1

w2jo] glck.

3 ) W7l 5 A 2N 4
71 ZHEE A SACIA 20104 24, 39, 5%,
79 % 89o] % 58] Ak Z1HHS SR

) 305.4 km’o] itk E3F o] s} PPuEs
4267 mo|al {9 9] oF 90 %7} 4HQl M A%
AR Aol it @ RAHEA 7HE 9]
H=Zol X520l A & 137] ZAAIA (St 1 - St 13)S
A7gskodet (Fig. 1). 7F83 f-Folli 2ARH =
A St. 2= A7 = 7hEE B 252 (37°58'10.17
N, 127°25'38.8"E), St. 7 =tfz] (37°55'58.9"N,
127°29'18.2"E), St. 82 A|Fe] (37°54'02.9"N, 127°
31'03.7"E), St. 102 558 (37°53'03.0'N, 127°32'
46.3"E), St. 112 o]22a] (37°52'14.4"N, 127°31'21.
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Fig. 1. Map showing the study area. The closed circles
indicate the study sites of the Gapyeong Stream, Korea

1’E), St. 12%= 7}8- vlag] (37°50'46.2°N, 127°
30'26.4"E), St. 13 Juiz] (37°49'46.8"N, 127°31'
04.7’E)]l IA5Hck E3E A FolAs AR St
lo] A7)% 7hg7 Bul A%a] =opd (37°59'13.67
N, 127°26'14.3"E), St. 30| WEa] W=z (37°54’
09.4"N, 127°27'37.2"E), St. 47} sele] slekd (37°
5721.7'N, 127°31'42.0"E), St. 57} 7}9-S 7=g]
7H2A (37°52'06.3"N, 127°32'45.0"E), St. 60| Z0F
2] 20k (37°50'49.7°N, 127°29'13.9"E), St. 97} &
 Z=a] 3lelA (37°54°01.6"N, 127°33'35.2"E)o]
A3 ALE 2 ZARHo A £2E5 wba 100 m
E= 200 me] s koA o] FE ARshaL sk
S Bk

o5 A

AgE AN of7E A AR flst
o} 13] 2AF Al B (W5 7x7 mm)S 153] 3,
S (G 55 mm) 30 ARESte] Al A
A o= ARoIM SHTRAL Al Fofl W3t

At o7 9 FAL Kim and Park (2002)3} Kim

et al. (2005) AR89 AL BS54+ Nelson (2006)

s H7he ol AT AR IA w|
=+ 344 9] 3k EE AP (Barbour et al., 1999)
a

of AT,
Az 2A

sHH el w2 2 Aole] BAE 45
7] $J3led R 2 (ver. 2.14.0) (R Development Core
Team, 2011)9]|4 Vegan package (Oksanen, 2011)2]
‘tda’ T8 ALIO] FREIEA (principal com-
ponent analysis, PCA)S A5t 98 Aa2e=
AR shAl e wolEel aa
FAekth 7 291 FoIA SRS ‘ordisurf
s ARESte] Tl Ay g SXA
(isocline) &= WERRIT}. 2} AR of 7 4
o] FrFdS BAsH| flsted, T WAlE A
3o thFE X4 (Shannon and Weaver, 1949), o
5= A4 (Pielou, 1975) W F=H% 2|4~ (Margalef,
1958)5 A=shth

oif 2T e ZAAY Aole] BAS 2
2517 $J38te] R 78 9] Vegan package ©f|A4] ‘helust’
e A5 AleA £REA] (hierarchical cluster
analysis)& AAISFATE A 2APZITIA 3
oFE F Al (S)F log(SHHE sl o &}
2E2 ARSI o, A9 A2 Bray-Curtis (Bray
and Curtis, 1957) HFA1S 23191tk #715Aol A
A2E 0] 427 (height level) S 7|20 2 Z} AL
AA7F GAFA S Ward (Ward, 1963) HHAlo & B
Sai9ic). Eak ZAXEE BAS AL (ordination)
o= #A317] 9fste] R 27 2] Vegan packageo]|
A ‘metaMDS’ 8 Abgato] ] EArha IR E
(non-etric multidimensional scaling, NMDS) (Kru-
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scal, 1964)& A3}t
AR A TE Z8gE F-2 A Q)5
log(S+1)2 4gielo] gL, LA Aol 7
2= Bray-Curits W40 2 Alsateic. ¥|mapcka)
AEyio] Azolq ASET} 0.5 %S Wi ofF
w S, R ASH 2HRY A0S
LA} (Field et al., 1982; Llopiz and Cowen,
200). 015 FHTZ2} 5FREA Ao)2] A= Vegan
package®| gt ‘envfit’ & FAI5F0] F-oJ5h A9
= B7FMES YERH AL ‘ordisurf” SRS AMS

lo] BMIAALE SXMoR Yehpct
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M= (S
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3k Zo] £ 940 W2 o] 23} 224]0]
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e AV S A

(VD) W %k% HYIT} (Table 1). 3HH ZARAH
St. 13} St. 3-& FHo|| S-UX|7} YAk AHF AAF

7} Hsto] *‘*JJ g2tol ofF7] wiZol A HT
(VP)I} 3t & (RV)<] 70| St. 29} St. 4
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sl20] Lok} ATH o T A FHHo| A TAL B
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SHe Zgol A H7E H4E wgkar Al Sl o)
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A FAR Iste] 5 AjolA BT 7
w3

AR St 73 St. 82 7P R ] SR YAgt
O mA ol 7k Hojl ofsf FAE Fg el
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ojA st Tl A BT 9l SiokY oA H7HY
7} Eokt} (Table 1).
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Table 1. Scores of habitat parameters evaluated by the rapid bio-assessment protocol and bed slope at each study

site of the Gapyeong Stream

Habitat parameter* Study site
(abbreviation) 1 2 3 4 5 6 7 8 9 0 | 11 | 12 | 13
e o 19 | 20 | 17 | 18 | 13 [ 12 | 13 | 14 | 12 | 14 | 13 | 12 | 14
2. Embeddedness (EB) 20 | 20 20 20| 16| 14| 131510 9 | 13| 8 | 11
3. Velocity/depth regime (VD)) 6 | 8 | 8 | 7 | 10 | 8 | 14 | 15 | 14 | 16 | 18 | 19 | 17
4. Sediment deposition (SD)| 20 | 20 | 20 | 20 | 16 | 17 | 18 | 17 | 13 | 10 | 14 | 9 | 14
5. Channel flow status (CF)| 13 | 11 | 12 | 13 | 13 14 | 16 | 13 ] 14 | 13| 12| 13
6. Channel alternation (CA) | 17 | 20 | 16 | 18 | 4 1010 9 | 1118 12] 17
7. Frequency of riffle (FR) 19 20 17 20 14 12 16 15 11 16 14 13 15
8. Bank stability (BS) 17 [ 19 [ 17 [ 19 | 12 | 15 | 14 | 13| 15 | 14 | 20 | 19 | 17
9. Vegetation protection (vP)| 11 | 12 | 9 | 15 | 3 | 11 | 6 | 10 | 11| 9 | 9 | 17 | 9
10. VRV:Sf‘r:ia(”R\‘/’)egeta”"” zonel g | 13| 6 | 11| 3| 2|8 |7 10| 9|8 |13]cs
Total score 150 | 163 | 142 | 161 | 104 | 103 | 126 | 132 | 118 | 122 | 140 | 134 | 135
Bed slope (SLP) 157 | 172 | 139 | 1127 | 1142 | 1149 [ 11104 [ 11182 11131 11234 | 1360 1/637 | 11797

* The score range of each parameter is 1 to 20.
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It (Fig. 2). B7FFEe] W2 2411 vl
Qg gumm, 2 St 1 - St 471 FS B4
o= & WA, 252 FHoR St 13}
St. 30] 92 o7 ujdE HHH St. 22} St. 4= ol&
S 2 wjgE et ESF ZAX]A St 5 - St 82 =
Apcroll BhelE g, olF ol St 59 St 62 St
73} St. 82T} 1% jLEIITE 2K St 9 -
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lfz
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— SD e
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Fig. 2. Ordination biplot derived from the first two axes of
principal component analysis (PCA) of the parameters of
habitat assessment at each study site. Eigen values of
both axes are 4.643 and 2.828, explained 74.71 % of total
variation. The dotted line indicates the isocline of bed
slope. Abbreviations of habitat parameters are provided
in Table 1
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ZQ olB A Alo|A AT HrlsEo] g
Ao B, SHAF E2] (SD) sHy vl (EB)7} Az
gkl AAIBIAAL ofe} vt ol /=4 AA|
(VD)7} Siislal (Fig. 2), T3t oww (Fig. 2
AN SAMCR FANE AXK 9= A5 Foto
ol2o] aHle] A £918 Liehisic SHE AAIeS
(ES)¥} of& HI& (FR)7} A= 7p7t0] &1 9]
HAsR 2H St A (CA), Al o (BS),
APy B35 (VP) 9 B9k (RV)9] AR 771l
Y 2% siel sxspslc

ZARA T SRS Bt Re] BAS Abmn,
ah AAE et *0%4 ZAAY St 1 - St 404
ST AAIE, o] HiE, sHA nlE W 9A} ElF 9]
M7k 9k G454 A (VD) B7bF Lpm
Vebt (Fig. 2). sH AAE $2 oo Tt
FAF0] ZARXA St 5 - St 8ollA] BhE A A
oy, Al HF 1 Flobe] EojA] Lo Hyl= o}
ol AolA] o] vl Al Ao B/
Ak AX e 3hRo] 2ARA|A St 9 - St. 138
S5 AR st sHaE A4, BT
W& SAF E|F 9 of 2 WL EojA Yo HrlE
Wkt e RRelA 2AAge) s B
Ao B AFsIR F Wl JFS W ofa
Moz olgael sH mete] JFL WL ik

E3] St. 12& 7}

&

o ZUFZ

Ju

7FEH A ZAR -l ARE olF= &
4032131 (Appendio). 7PN $5E 22
AY (Zacco koreanus)ZXA AFEE 5
£ 2AAHOIN LARYL oF$HFS ] (Z
platypus)2X F2 T35l HFH oz S
t} (Fig. 3). o] th2- 02 3T (Coreoleuciscus spl-
endidus), =117 (Pungtungia herzi), W|7}AF2] (Mic-
rophysogobio longidorsalis), 57}2| (Liobagrus and-
ersoni)®] 402 wo| FHSATE. 1B Ao
253 ZAAE St 1 - St 40]HE THE ZAAA
srf 4o 7 ~ 859 o7l FHsI F2 B2
Y, 2745 (Rhynchocypris kumgangensis), %2
7} AT (Fig. 3). AlHFskdel ZARH St. 52+
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Fig. 3. Relative abundance of major collected fishes at each study site in the Gapyeong Stream from February to

August 2010

Table 2. Indices of diversity, richness and evenness of fish species at each study site of the Gapyeong Stream, Korea

— Study site
1 2 3 4 5 6 7 8 9 10 1 12 13
Diversity 1.65 1.48 1.52 1.76 1.84 1.71 2.07 1.65 213 1.95 2.24 2.26 2.48
Richness | 1.67 | 125 | 140 | 192 | 134 | 169 | 225 | 222 | 292 | 296 | 3.16 | 3.22 | 4.91
Evenness | 0.79 0.76 0.73 0.76 0.84 0.80 0.78 0.61 0.74 0.64 0.71 0.73 0.67
St. 60)4 s ZHEL7} 9F0lla S HF] HA 25 T3 RS
Yolglal St 501]A1L 2lElet HEA] (R oxycephalus), R2=0.602%** (n=13)
St. 694 Earv|ek 4lel7h werth 7bEAe] FA¢ y
Fol 9118 2AAA St. 73 St 8ol 4] 14 ~ 1550 <20
ST BLAUSF SABoIRO, 412, B &
7), wi7Ate], §7ke] ol Wtk XFaHHal Stot 5
Holl NG 2 St 9oL 18%0] AF=Y A LS ]
3, AU SAsgen 17, 48] w0
© Astdey. % shRol X 2AAA St 10 - St.
1.0 T T T

120 A= 21 ~ 23%F0] &d3}9 1, St. 109|4=
ZAAY7E 3F0laL mepn]zt ok Eo| Lo St
117} St. 129 4= Fj2hu]7F 95501 2HAY
7} o} -0l qlt). 7HE R ] ok RARKIHESL St
130 4= 3650 Edsto] ofF/4fe] 7H thFetdl
o} o|oflA = Hepr|rt SFeIar A AYTL
ofFZo|9 o FUAFE (Achellognathus yama-
ssutae), W7AFE, 21, B17] 0.2 SAseT

IO olgie] Folbe At Aol o)
B2 248 Robt AFS MY, T St
2004 14824 7P Werom St. 1301]/\‘] 2482 A
714 =Skt (Table 2). o] 23t Aok opH 9] $4
HIE Y= s AR %—‘3} é AN =
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Fig. 4. Relationship between bed slope and species
diversity index of fishes in the Gapyeong Stream (*** P
< 0.001)
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2 A AT (St 1 - St 4), B AT (St 5 - St. 9)
2 C Hek (St 10 - St. 13)9] 37 Hgro g LEEQ)
t} (Fig. 5). o|5ollA B Feta} C Heho] A ek
o o APk

AN ZAAAE ofF 2UTXE HlEs
CAUHEY (NMDS)2.2 241¢le s AR 1
PH=E Uehl= 2Ed 2 (stress) = gho] 0.04
2A A 2] Aol &30t (Kruskal, 1964)
(Fig. 6). AR O] oA AlT4 oA ollA
T A Fto] 5ol B Atho] ol v =
o], ZAA St. 59} St. 62 B the] TR 2AA
At ] At v ek =3 C Yo £S5
HjgEglom B ko] St. 7 - St. 99} 7| v
=ik

H] A 2 =R (NMDS)oflA F-2f vide: 2|
Aol AAlshs S 54 (Rk)7F 2E8F0] FHo]
A hAe] Al A Al o] thdse] 9lg)
i, #E2] (Ro)= A AT} B Jete] St. 59 St.
62} 717to] A5kt (Fig. 6). B AT & St. 5 5
Hol vjdd oF= UlEF7 (Orthrias nudus, On)
Q) n) e (Misgurnus anguilicaudatus, Ma)©] 3]t}
ZAA St 6 - 9 FHof| IA|gE o 7= 4] (Cs),
ZAAY (Zk), =70 (Tksookimia koreensis, Ik), A
Fuldta] (Koreocobitis rotundicaudata, kr), Z7}2]
(La), AR (Coreoperca herzi, Ch) 5 ©|3=4|, |

£ ojFe thtre] 2AYY FUSRE £ olF

20 15

Fig. 5. Dendrogram for the hierarchical cluster analysis
based on the fish communities collected at the study
sites of the Gapyeong Stream. The dotted rectangle
indicates differentiated three groups by height level of
0.83

o]tk B et} C Aok bl vijgds off= =1L
7] (Ph)Q} 71=&117] (Pseudopungtungia tenuicorpa,
PHEA 7RO S-5l5oll 2 ZTsh= ofFol8d
ot} BEYRZE (Acheilognathus signifier, As), Z='3At
2 ), 7= (Squalidus gracilis majimae, Sg), %+
vz} (Hemibarbus longirostris, HI), 225X (Pse-
udogodio esocinus, Pe), 1A} (Microphysogobio
yaluensis, My), BJ7tAF] (MI), EFAIE] (Odon-

(a) Stress: 0.04
A Group A
e O GroupB
o O GroupC
N
2 <]
MO
< |amk
\n
phg
7
T T T T T
(b) N Stress: 0.04
e
(=]
(o]
22
o=t
<
\n
ST

Fig. 6. Ordination biplot of non-metric multidimensional
scaling (NMDS) based on the fish communities collected
at the study sites of the Gapyeong Stream. The stress
value of NMDS explains goodness of fit. (a) Different
symbols of study sites indicate three groups of study
sites and dotted line indicates cluster dendrogram
resulted from hierarchical cluster analysis in Fig. 5. (b)
The angles and lengths of the radiating arrows indicate
the direction and strength of relationships of habitat
parameters with the ordination scores and the dotted
line indicates the isocline of bed slope. Habitat
parameter abbreviations are provided in Table 1. (As,
Acheilognathus signifier; Ay, A. yamatsutae; Ch,
Coreoperca herzi; Cs, Coreoleuciscus splendidus; Hi,
Hemibarbus longirostris; Ik, lksookimia koreensis; Kr,
Koreocobitis rotundicaudata; La, Liobagrus andersoni;
Ma, Misgurnus anguillicaudatus; Ml, Microphysogobio
longidorsalis; My, M. yaluensis; Oi, Odontobultis inter-
rupta; On, Orthrias nudus; Pe, Pseudogobio esocinus;
Ph, Pungtungia herzi; Pt, Pseudopungtungia tenuicorpa;
Rb, Rhinogobius brunneus; Rk, Rhynchocypris kum-
gangensis; Ro, R. oxycephalus; Sg, Squalidus gracilis
majimae; Zk, Zacco koreanus; Zp, Z. platypus)
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tobutis interrupta, Oi), Vo] (Rhinogobius brunneus,
Rb) 52 C Fkel St. 10 - St. 13 FH o2 ujdy]
Pt o]5L & FHHo BFE A4 Lol of
& 7700] AHakE olzolsint

oA S B} W 4} Bjdo] Hout 58
of tlpio] BolAt sH BolA BHuA|, HiE
%) ol Zsgon, oleh Witk skl v
2 4} 5] 41kt 589] el 2 olols

%

7HEF A v TR =Y Aol §-ojet A
TAIE 7= by B7HE-2 a4 A48
7 (ES) (’=0.790, P=0.0006, 1,00081 2]Zto] 7]%),
34 U= (EB) (7=0.843, P=0.0002), 9-2+/4=4] ]
A (VD) (°=0.933, P=0.0002), S-A} €& (SD) (°
=0.763, P=0.0009), 3} 7]|<= (CA) (+’=0.497, P=
0.0317)¢} 9 RI= (RF) (+=0.697, P=0.0026)°]%}
t} (Table 3). o5 FollAl aM vi=at fAF 14 3
B2 v A H =R 0] 221 HjdolA HE2
2 o) AAE A A ek AR 37
HA| (Rk)2F HEA] (Ro)e} 7170 $1A8H3H (Fig.
6). oleh= HI 2 f&/44 AAE 522 YA
sto] C et AR} o] 3LolA] 2 AAlsk= &
HATE ds), EHAT ), =71 (Sg), At

r-Ll

A7 3t o I

L TR ofFo] ZHskk 1EAe F

31 ko

spel Aol ot
o] % 8k A7t Al
2k 2o 42 (Cs), FAAY (2, Aol T

2| (kr), 71 (La), ZAA] (Ch) 5°] EF3IAL, 3

= A7t sk Hlof Qlan sh AR 2

O ofg WETL whe ol lTel, tEEy
A3t
a4 =2

SpRolA] o
2ol 2 Fd=
et al., 2009). &
uigh o ko] obyA Eo

=2 2

o (
S

# o tlokat

2 SollAl =24
Wang et al., 2003; Rowe
ANg, A4t o e
& ol thfdy 4 A

FolA
el 51 Held Saae] 204 SHE
1|31 9Jglon] B3] ofZojA
N N E s

(HI), ZFA] (Pe), EUFAF (M), vi7FAR] (M), )
2] (Zp), ol (Rb) 53 7H7tko] ST s
AMAE (ES), 3HE 7i4 (CA)%E o RIE (FR)=
she 2 widE e, oledt &9 s %
= o5 d537H (On), viFte] (Ma) 5 ©10H-. ©|

Aye] ATFE SRS, S AN R 7R A

£ 712t} (Gorman and Karr, 1978; Milner et al.,
1985). kA sFAol|A] QI7ke) o3t meke AHF FAL
Shw A AR, 109 S ot Fe By
3t} (Paller et al., 2000; Allan, 2004; Diana et al.,
2006). o]2g WekE 51 B4 MBI, A4

Table 3. The direction of biplot-fitted vectors of habitat parameters in non-metric multidimensional scaling (NMDS),
squared correlation coefficients (r?) and significant levels (P) by permutation tests

Habitat parameter (abbreviation) Vectors r? P
Axis 1 Axis 2
Epifaunal substrate/available cover (ES) -0.647 -0.763 0.790 0.0006***
Embeddedness (EB) -0.996 -0.084 0.843 0.0002***
Velocity/depth regime (VD) 0.914 -0.404 0.933 0.0002***
Sediment deposition (SD) -0.983 -0.186 0.763 0.0009***
Channel flow status (CF) 0.415 -0.909 0.139 0.4619
Channel alternation (CA) -0.169 -0.985 0.497 0.0317*
Frequency of riffle (FR) -0.542 -0.840 0.697 0.0026**
Bank stability (BS) -0.112 -0.993 0.248 0.2353
Vegetation protection (VP) -0.101 -0.994 0.218 0.2951
Riparian vegetation zone width (RV) 0.016 -0.999 0.356 0.1134

* P < 0.05 *P<0.01, ™ P < 0.001
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Ae) B} QHIAS AlEst] ofR TP e
AlZIt} (Shields et al., 1994; Diana et al., 2006). ¢

2 SIS skl SARe Wesh) e
ol o158 AT SEA B} ol RolAL 9)
o} (FISRWG, 2001). E3F o] =2mu} of g} o] So]
KA B SAlol 2ARRFO RN AEA 7S
BVt = A=) o]FofA|aL Qlt 53|, wl= g
AA9) olH #F AP (Barbour et al., 1999)9]
oRt e B7Eet o FRARE WSt shHL
the AT AR R, vl AE7] axshoA] ik
=5 FAo ofgt 34 RS 7Kt Al (Price and
Wesley, 2005)9} v]=F HlZA=d|A ofFe] 274
I 5H 9] 2 FR IS B7IeE Ak (Pirhalla,
2004)7} QIck. EF TRokal 34 Qolnt tito] Bh
2 2R % U RS 48] ojRe] 71
573 (functional trait)?} A 4124 9] HAE At
AFE7F Q) (Pease et al., 2012).

3 QoA ARHR) AR AN
NERY SR E 13 2R AR 5
MRl Aid weko] ol 2ol vAE A
AL, TR SHAE o] off 2
W7xe] B4 AV} AT AHI TS 5o
M 2 R A s 1S

ol
Nt O

lo

6

l‘_9.

.1:17}-0]-2. ],/kl- /v]é} ﬁl,ﬂ- HH% %}\]— E,]Z—I J_]_
ot MEOIA) S5t B ol fidol B of
23} 54l0] RE A7} A&H O o] ol HHH
9l Az 3P AFERe] Bo] Ll (Table 1),
JEiut fig0) Thpaol Woba] f44 A B
A ke k. v 71 sisol 91AIe st 10 -
St 13:& o 1o] ofat 44 77kt Fugt 2 ole
o] urerstolA ShAF ARV, ST T, fAl Bl
3} ol wlmel WA HAbE e a4 A

b s BokEIsch ofele Sk 4 974 sl
wfeb HEAY AR AL off FThEAe Wok
1 A, Hel, WAY Fo| Fskirt (Fig
6). W 37 401 offe] Friokst fgko.
A FARIAE BHAE, 18, meRA Fol,
FE7h 2 ol Pl B, Huka), S,
u7hate), setn] ol B EARZRA SAskh
QA A o} o], ZpEHl AL SHRE 24
2 SpF AAPE dob L shagbdo] 4] 7l W7k

SeloLt ofgo] Frkepol obpich (Fig. 4). sH4)
AR ofF AAHOIA 0% 291 F Shil B4
F71e] wret AR BAVY G AO2 UA 9]
t} (Roni, 2003). LHHA 02 A4 A4 L7HS
o 70| ARt A9 7o m FSadtd, s
AL Jet ARollA e a7 EEshy] olH7] i
of F TH= F thfdol Holx= A= 7tk
(Al-Chokhachy et al., 2010). 12j2=2 3}H 0] AR
2 448 3Zo] FopX|T 514 HAt RolxwA
FFEHELO} Tk 7 ZhAS= AERS 7HRIT) (Jackson
et. al., 2001; Taylor et al., 2006; Murray and Innes,
2009).

PEACIA Q1912 ko] o] Yojyt e F&
F ARl ST 2AFolglor], 1 FoME 4|
23} Q] 29kA St. 53 JjA St. 60]9)T} (Table
D). o] F ZAXHeIAE A EAleh 8] A 5
o et olsto] shert HebgE Agolgih. weh
A BB WL A Fol Sk A Al oy
ol slold] Z FREoA] A e a2 ukoir) o]
A 7K Bk mRke 2 kel gako 9l
sfel WAYa7] uhol ThE AR HIE Hol7t 9
 olf 2TAE Uehhglet (Fig. 6). 531, sH4
A7} ol ofol Fob A5je) 84 ol

3 el 57
Suslo] ofstel JaEe Welth 53 kR 44
2 A wo] AlsiA T spe whE Tt S5l

ok olol weh fo) we ARE Hoste o
FolK] Aot 2 o) oL 4
o7 PRTEIL IS E3 of2fdt F4 e
sioh @ shH A% 59 Q1914 @] ojFe| &
ALzE 7:1%3}_ =93l 314 9,_010] 1:} E3] 7
AL F A%
FrollA sk 7HT°ﬂ 40}01 oW«l TS A
7ol WA 1L o &-0] FNIEsl oAk a9 E
2 Apdsell A= sk el $4 fgdRiste] mEbA
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Appendix. Individual number of fish species collected at each study site in the Gapyeong Stream from February to August

2010 (abbreviations of species are provided in parenthesis)

; . S Study site RA*

Family / Species (abbreviabiton) 2 3 2 5 5 ; P 9 0 oy 2 3 Total %)
Cyprinidae
Cyprinus carpio 1 1 0.02
Carassius auratus 1 11 5 17 0.28
Carassius cuvieri 1 1 0.02
Rhodeus ocellatus 1 1 0.02
Rhodeus uyekii 4 8 5 17 0.28
Rhodeus notatus 5 5 0.08
Acheilognathus lanceolatus 42 42 0.70
Acheilognathus signifer (As) 10 17 10 37 0.62
Acheilognathus yamatsutae (Ay) 46 107 153 2.55
Pseudorasbora parva 4 4 0.07
Pungtungia herzi (Ph) 6 27 31 63 42 79 81 69 62 460 7.66
Pseudopungtungia tenuicorpa (PY) 1 4 25 4 6 6 13 10 69 1.15
Coreoleuciscus splendidus (Cs) 17 18 26 33 65 17 71 111 39 81 89 54 63 684 11.39
Sarcocheilichthys variegatus wakiyae 2 5 7 0.12
Sarcocheilichthys nigripinnis morii 1 1 0.02
Squalidus gracilis majimae (Sg) 6 5 116 25 3 155 2.58
Squalidus japonicus coreanus 2 2 0.03
Hemibarbus labeo 3 3 0.05
Hemibarbus longirostris (Hi) 14 21 15 8 58 097
Hemibarbus mylodon 10 16 1 27 0.45
Pseudogobio esocinus (Pe) 3 8 15 3 12 41 0.68
Gobiobotia brevibarba 1 1 1 3 0.05
Microphysogobio yaluensis (My) 1 16 16 33 0.55
Microphysogobio longidorsalis (M]) 22 10 1" 43 88 33 82 289 4.81
Rhynchocypris oxycephalus (Ro) 3 3 16 48 2 3 75 1.25
Rhynchocypris kumgangensis (Rk) 4 51 61 28 144 240
Zacco koreanus (Zk) 24 33 39 16| 144 44 95| 275| 133| 323] 139 81 160 1,506 25.07
Zacco platypus (Zp) 1 11 25| 200| 352| 252| 410 1,251 20.83
Qpsariichthys uncirostris amurensis 2 1 3 0.05
Baliforidae
Orthrias nudus (On) 2 21 5 10 2 4 5 49 0.82
Cobitidae
Misgurnus anguillicaudatus (Ma) 26 4 2 1 33 0.55
Iksookimia koreensis (Ik) 44 4 2 12 17 23 10 8 7 127 211
Koreocobitis rotundicaudata (Kr) 3 1 27 10 10 10 18 6 4 4 18 111 1.85
Siluridae
Silurus asotus 3 3 0.05
Silurus microdorsalis 3 1 1 4 3 12 0.20
Bagridae
Pseudobagrus koreanus 1 4 " 16 0.27
Lelocassis ussuriensis 1 1 0.02
Amblycipitidae
Liobagrus andersoni (La) 2 1 5 1 14 29 23 12 36 35 24 55 237 3.95
Osmeridae
Hypomesus nipponensis 1 1 0.02
Cottidae
Cottus koreanus 2 2 0.03
Centropomidae
Coreoperca herzi (Ch) 13 14 7 9 2 15 10 2 12 13 6 27 130 2.16
Ondontobutidae
Odontobutis platycephala 2 4 5 4 6 3 3 1 28 0.47
Odontobutis interrupta (O)) 1 8 5 19 13 7 53 0.88
Centrachidae
Micropterus salmoides 2 2 0.03
Gobiidae
Chaenogobius urotaenia 1 1 0.02
Rhinogobius brunneus (Rb) 1 12 98 111 1.85
Total number of specimens 67| 124| 148| 109 391 115| 321| 554| 341| 861| 1,049| 686| 1,240 6,006
Number of species 8 7 8 10 9 9 14 15 18 21 23 22 36 46

R.A.*: Relative abundance (%)
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