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Abstract

For this study, we collected fishes of seven times at the 51 sites by stream orders (2-6) from

November 2007 to September 2010. In the results, 55 species belonging 12 families were collected. And there
were one species (1.8%) of Natural monument, 6 species (10.9%) of endangered and 22 species (40.0%) of
Korea endemic. Dominant species was Zacco koreanus and subdominant species was Zacco platypus in
whole. Stream orders (2-6) increased with increasing species, diversity (H'), evenness (EI), richness (RI),
tolerant (TS), omnivore (OS) and decreasing individual, dominance (DI), sensitive (SS) insectivore (IS), total
IBI score. Principal component analysis results showed location of variable (species, individual, community
index, relative abundance of tolerant, sensitive, omnivore, insectivore species) and each site changes in up-
stream and down-stream changes in their distribution. Correlation analysis showed significant differences
between stream orders (2-6) and variable (species: Sp, diversity index: H', omnivore species: OS, stream
depth: SD, stream width: SW and water temperature: WT).
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(Phoxinus phoxinus)®] A€ (Song et al., 2002)}
Ir32] (Gobiobotia macrocephala)®] A}A] (Choi et al.,
2004)e] 2 Q77 A= Qe
SEIEE TR I I £ SR SR
2 oAl o8 olga 4B 20N
Yolo] 4374 FHA7Ael =0 Flodala glem, o
Z 885137 9JoF (Moon et al., 2010). o] F-2 o] &3t
A EEA 717 n)ZeA] 1981 IBI (Index of
Biotic integrity)2] 7§de] =415 o], IBI 432+ o]
o] Fojxl o™, 1986 127} F+ Aol A Alsfsle] 1991
el 357] o]ike] F AHelA] A== o] 5P Hrfel
A&gE AF3 9ok (Yeom et al., 2000). A, ol A
= 200049t 3E] AJE-E3A 49l IBI (Index of Biotic
integrity) 292 7|Mko g vzt 3h e EA] 5
o] 4 9 RHekste] B A 43l ol AA o
o} (An and Kim, 2005). o]2]gt o]F5 o]&3t IBI =9
H7he o 7o) Fxopt B 3 AE 2 o3 ukg-
& Aek3}ste] (Karr, 1981; Yoder and Smith, 1999) ©
A = s AR 7S Hrkeka, o /e &

R e | I o R R s L R e R |
£ 3 Ao F24, 7154 A% 7] Strahler
(1957) 2Jsf s 2= om, 2 Lol & A 24
of wg A9 AEAL FAGE, IE § HeFE AR
£ ol&3 AEH AzAA A7t AEHS o
(Platts, 1979; Barila et al., 1981; Beecher et al., 1988,
Sullivan and Watiz, 2009; Morgan and Cushman, 2009;
Yan et al.,2011).
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Fig. 1. Location of study area in Namhan river watershed.

1 2F2AR= 200741 114, 2319} 3x}x=A= 20084 6
43} 94, 429} 5xk2=AR= 20094 597} 94, 6219} 7
pzAR= 20104 593 99l Al sttt

2. ZAX|H

ZAAA - AE 71704 24 2 7 (Ministry of
Environment, 2006)o]] 2] 73} 221814 107 A A, 32}
S 167 A, 4343 10 A, 53 1) A%,
634541 37 A 5 2 SN AR Asielen,
s zfgel mheh 200747E 20109744 A &M o=
A Ao AL flste] 7 Ao AAHTL
o2 A AMA =9}t (Fig. 1, Table 1). 3} x}4=+= Strahler
(1957)9] whg< ket 1:25,0009] FHA =9} F7k
A Fhe] 234 B A 2H (http://www.wamis.go.kr)= o]
g3po] SHAASE TR,

- ZANYHE

3

FEFFAAA L] o FAF LS A AR AN A
ZAFE St £ (T xTmm)Z Fd) (4 xX4mm)E 7t
ZF 123], 3087F AAEIAT AR E ol fe dAeA
A 2 A set 3 A RE dgekela, 43 MY
Els

EA4 231= /A% 10% Formalin £} o2 717



102

Table 1. Location (GPS) of each station in Namhan river water-

0|58 - 0]

shed.
Station GPS Station GPS
g 60TMOS2I0N o 37.0°1502580°N
: 127.0°54.0'2.80"E : 128.0°15.0'5.60"'E
36.0°40.0' 31.33"N 37.0°7.0'33.74"N
St2 7005104462 ST 1280°33.0'8.80"E
36.0°36.0'5.86"N 37.0°7.0'9.10"N
St3 0 1970°5001.40'E SU P 1280°6.032.70"E
37.0°20.0'25.00"N 37.0°29.0' 2.30"N
St 1080°58.011.00'E St 128.0°43.0'8.80"E
37.0°22.0'9.05"N 37.0°38.0' 9.00"N
StS 0 1080°43.0004E OU30 1280°33.0'36.00"E
se TUM0I260N o 37.0°26026.00°N
: 128.0°27.0'59.50"E : 128.0°38.0'57.00"E
7 T0°20074N stz 370°2202500N
128.0°7.0'37.90"E 128.0°40.0'16.00"E
sy 37027.0560N su33 370 1303860N
128.0° 18.0'6.80"'E 128.0°47.0'50.10"E
suo  JTOIOSBEYN L 370°1902200'N
128.0°19.0'41.30"E 128.0°42.0'49.00"E
37.0°30.0'55.50"N 37.0°11.0'10.00"N
St10 1 080°14.021.00E St 1280°29.0'17.00"E
36.0°40.0'46.82"'N 37.0°29.0'19.60"'N
St 70048011028 St 1280°23.028.00"E
36.0°51.0'1.60"N 37.0°24.0'44.40 N
StIZ 70°50.01900E OU3 128.0°9.020.007E
36.0°38.0'34.32"'N 36.0°36.0'55.00"'N
StI3 7005304208 S 127004207007
37.0°2.0'41.45'N 37.0°10.0'17.00"N
St14 g0°040426E St 1280°27.020.00E
37.0°7.0'30.56"N 37.0°11.0'50.50"N
StIS 080°46.025.02E St 1280°24.0'10.40"E
37.0°0.0'30.81"N 37.0°10.0'55.00"N
St16 1080°200580E St 1280°28.0'32.00"E
36.0°55.0'51.74"N 37.0°22.0'54.00"N
SIT 1980°200820'E St 128.0°40.0'5.00"E
37.0°7.0'56.80"N 37.0°22.0'44.00"'N
StI8 1080°7.0'6.90"E St431280°39.033.00"E
37.0°7.0'35.20"N 37.0°22.0'4.00"N
St19 1080700 4600E St 1280°37.0'10.0"E
37.0°8.0'17.00"N 37.0°12.0'25.00"'N
St200 1080°1.0'1640"E St 1280°30.0'38.00"E
37.0°17.0'4.00"N 37.0°28.0'24.00"N
St21 1080°50.02200'E SU40 1280°43.0'46.00"E
37.0°13.0'43.20"N 37.0°27.0'25.00"N
St220 1980°2002.10"E St 128.0°40.0'42.00"E
37.0°13.0'18.60"N 37.0°19.0'45.80"'N
St23 0 1080°13.038.10'E S 1280°11.027.40'E
37.0°34.0'20.00"N 37.0°0.0'20.75"N
St24 1080°24.07.00'E Ot 1280°23.024.35'E
37.0°25.0'55.60"N 37.0°9.0'27.00"N
St25 1280°10056.70'E S0 128.0°29.0'53.00"E
s s 30°201927'N

128.0°24.0'16.50"E

>

F APz Susiele ol el 4 FulelA 2
=3 ZAAE (Kim, 1997; Kim and Park, 2002; Kim et
al., 2005)8 o]&slelx, EFA) A= Nelson (2006)S
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£33 70 Ba|A . o|3} sy BA2 LA A7}
A ZAF 9 H7} (Ministry of Environment, 2006)S
sl o Fo] A2 90 =44 (McNaughton,
1967), BFeF =] 4> (Shannon-Weaver, 1949),
(Pielou, 1966), =X x4~ (Margalef, 1958)Z Al&3}o]
2ysec ol 72 o3 shile] AR Wik A=
o] 3% Ahn er al. 2001)e] ]3] = A6 2
54 8w AREASBDE ol 43hlc). 870°)
WEE olgsle] 7 MEUR 53T s
ojsha, 7 v E2) ke ALdskel A4k (A; Excel
lent, 40~ 36), 2k 3Ate] (B; Good, 35~26), REAIE] (C;
Fair, 25~ 16), 22FAFe] (D; Poor, 0~ 15)2] 47}

2 FR3}9oh FAIE 24 (Principal Components Ana-
lysis)-2 PC-ORD (Version 5)Z ©]-8-3}o] Kaiser (1958,
1961)e] $175tod A5t 242 a2 AdA 2
EEESNP P BN PIE SN DL E S I E S PAE
S 2AEA A5E olgsidom, 209 2.9 (Axis)&
Bt

TE=AS

1:'70

FrANA A2 o] EelHl of
= 123} 55% 28 6287H A7} QA= e (Table 2).
o]Z ¢]o]3} (Cyprinidae) o177} 33%(60.0%)2o.2 &3
Zol 7 A vebten, nE] 3 (Cobitidae) 5%
(9.1%), "}=-o] 7} (Gobiidae) 3% (5.5%), <7\ 2} (Balitori-
dae), = 7]} (Siluridae), €192} (Salmonidae), 74 #] 2}
(Centropomidae), $-AF2]#} (Odontobutidae) 5-o] 747+
2% (3.6%), A7) 3} (Bagridae), 7}2] 3} (Amblycipiti-
dae), B}eha] o] 3} (Osmeridae), =37 2} (Cottidae) o5
7V A7 1% (1.8%)4 Z3asleh 3 A=t
71 =4 yepd o2& F2AY (Zacco koreanus) 2
9,6677NA| (33. 3%)5 A3t} $-Aslg] o, v)gin
(Zacco platypus)7} 4,697T0A] (16.2%), ¥ E-*] (Rhyncho-

cypris oxycephalus)7} 2,6447W4| (9.1%), E117] (Pung-
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tungia herzi)7} 1,90670A| (6.6%), 27323 (Rhyncho-
cypris kumgangensis)7} 1,66270A] (5.7%) 52 £o=
ZAME 9} (Fig. 2). & A7 A GelA A7 I
2593581 ©o]E3] (Hemibarbus mylodon) 1% (1.8%)3}
FAEAA HE7oMEE 290 ® AR Sl=
SH7H3ZE7) (Rhodeus pseudosericeus), EFAF (Achei-
lognathus signifer), 7V=%117] (Pseudopungtungia ten-
uicorpa), F-732] (Gobiobotia macrocephala), ko]
(Gobiobotia brevibarba), Q2o (Brachymystax lenok)
5 F 6%(109%)°] &3t =EafFozE
ZAY, 2723, A 3Zu|3te] (Koreocobitis rotundicau-
data), ZZ7Y (Iksookimia koreensis), 7} (Liobagrus
andersoni), A A| (Coreoperca herzi) 5 & 22% (40.0%)
o] F1mglon], ) SASANA ehbs RS
Zo] P Z¥nl=al 28.8% (Kim et al., 2005) Kt} ¥
A heht s8] mgalel A fAHE Aoz 2A

Z. koreanus 133.9
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Fig. 2. Relative abundance of collected fish in Namhan river
watershed.
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FEEASE 0.51 (£0.25), 2ERLER] 5= 0.93 (+
0.54), 3z}3}3 oA - A4 0.72(£0.17), Tek=
A= 1.30 (+0.51), FEEASE 0.68 (£0.18), =%
FEASE 1.52(£0.73), 431614 oM $AH =2 o=
0.68 (£0.20), =R 4= 1.36 (+0.61), TEEAF
= 0.65(+£0.24), 2ER 2= 1.64 (£0.81), 533}
oA LAHTA4E 0.69 (£0.13), TFeF=R 4= 1.46
(£0.38), FEEX 5= 0.70 (£0.15), FERER| 5=
1.80 (£0.58), 6x}3}- A 4 =24 0.63 (+0.20),
oFe R4 1.37(£0.44), FEEASE 0.76 (£0.22),
FTHEASE 1.53(£0.58)2 EAE A $H =24
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A3 5AFA 7 B Aoz BAEQ 3,
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=22 0.73 (£0.18), TFeF=2]2= 1.23(+0.58), F==
24> 0.63 (£0.25), TER TS 1.48 (£0.76)2 EA
o] Auby oz vlwA Bk ZA T2 A5
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Fig. 3. Regression of species and individual with collected in Namhan river watershed.



108

Dominance index

Evenness index

Sensitive species (%)

Ol&3 - 0|FT - urat
Rsqr=0.120
p<0.01

0.0 1 L] L]
2nd 3rd 4th Sth 6th
Stream orders
1.2

Rsqr=0.106
p<0.01

Diversity index

Rsqr=0.121
p<0.01

2nd

T T T T

3rd 4th Sth 6th

Stream orders

Richness index

Rsqr=0.073
p<0.01

0.0 L ° [ ] o [}
2nd 3rd 4th 5th 6th 2nd 3rd 4th Sth 6th
Stream orders Stream orders
Fig. 4. Regression of fish community analysis in Namhan river watershed.
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Fig. 6. Regression of comparison between relative abundance of insectivore and omnivore species in Namhan river watershed.
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(Tolerance guild)2 2x}8}A A A 70.2% (+£22.1%),
29.2% (£21.3%), 3x}3FAH A A 55.9% (£28.1%), 40.6%
(+£25.2%), 4315 A A 63.7% (+21.5%), 34.6% (+
20.0%), 53F3HANA 55.5% (£22.1%), 42.4% (£ 17.6
%), 63451 A 35.5% (+20.1%), 62.6% (+19.2%) =
ARG, A7} 2o e REE st
WAEE bk Al deht Az dadd e
& BsichFig. 5). =2 3aAeIA AU W
WA Aolr) b = ekikon, s34 3
o7k 714 WA vEhdel BeAe AR A 2
AP Sl WA EAS RIZHE 59.2% (£24.5%), W%
38.7% (£22.7%) % RZFEel A oS Ag Aoz F
A= giot. 2] (Insectivore species)Z} 22 (Omni-
vore species)?] Z8ZE5o] w2 AJA]EA] (Trophic
guild)& 2x8H6 A 79.5% (+19.4%), 9.8% (+12.8
%), 3xF5FAN A 66.8% (+16.6%), 22.2% (+15.3%), 4
A31ANA 73.4% (+16.6%), 15.6% (+11.8%), 535}
oM 60.2% (£ 15.1%), 26.7% (+ 14.6%), 63}5H4 0l
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Fig. 7. Total IBI score at each stream order in Namhan river water-
shed.
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Hol| A 21.6(+4.7) 02 “HEAE S SFoz el
ek (Fig. 7). =3 sPAxp7) $71845 1BI ghe] 7
4= A B iz 254 B - 3she o)
of mhg meke] F7kshe o= EHHSGIH. 34, 44}



112

>

BT UNY 014 - HEY
| N
] Stream orders
< 2
m3
'y
¥5
+6
Up Stream
[ ] A A
: "
e : Axis 1
L v, & 4 '
) i 4 m @ * 8

Down Stream

Fig. 8. Principal component analysis with multivariable data in Namhan river watershed (Sp: species, Id: individual, SS: sensitive
species, TS: tolerance species, IS: insectivore species, OS: omnivore species, DI: dominance index, H': diversity index, EI:

evenness index, RI: richness index).

AN AR Aol7h A1 =w, 23 el AR

"2 plew vepton, Wit 741 TR A =
AR IBIE 243 (+4.5)02 “BEAE"S] SFo

= $A59

5

FeAE THE SU) ARe) SR ge
A, AR 279 29l A7 Axis |
; p<0.01)3} Axis 2 (14.6%; p=0.67)2] T-57ko.
2 M (Fig. 8). Axis 12 GF=A4(H)7F &
of ez Aol A4 ¥ e vekten, o
o} dzHoz $AH=ASDODE o wikez A%
BEMF A Axis 2= A Es
(OS, Omnivore species)7} &2] Higke =z AbfAdo] 7}
A =7 ehton, A2 (Id, Individual)= oFe] u}
oz WAl A depgeh Aoz Axis 2%
Z|Eem ofe] Wike e qYEASTl v, 4 =X
F7b Fom, AXNFS7E A WAL By w7
E33h= 47}741% =E AdAe] & BEH T YT A
E He 9, Fo] Aekeze gofEAs
4 = °24‘:7<]¢ [ A R e e WA 4

Hol A e Ao

ez T8

i1
Al

6. CHHEZF daratr 24

Pearson’s A##A EAM A, Az} LE £ (p<
0.05), =41 (p<0.01), = (p<O0. 01) = “ﬂ?_, %
o ARAe) e Aow ek w3 855 A

= 5= (p<0.05), boulder (p<0.05), gravel (p<0.01)
3 ARBAL %A JERtTH (Table 4). 3344 2
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% v)2n)| 7} 43kt A W EA] 7L ok 3te] Strahler
(1957) ¥}Alol] mh2 Aol A shF29) SRS Fo)
B Q3o Gl Aeas dX5HA] 9= Aoew %
AFE Q. o SRR TR FYst = AL
FAAF 5o d9A-d A} FF AL 15

2 8628704 SAHQ. ol
o)

Fz0] zpe] T3} 7+e 2 W FHE oA o z_}}m} |
R EEE S B R
ol wjek AP RE Sl HE T b

oI A Bspel A1 o2 A7) 563
e 2ARAAHES £, A, 7 5 e 2ot
Aol ket Aol SolabA Shok AR el
733Fe] vehd Aoz gdEn, 4318102 A <
FUE = 1~32}8pA ] ko] 2g33le Ao
2 A2 3o} (Fig. 3). Lee et al. (2007)9] 33} AF4
7, Moon er al. (2010)2] 324, Lee er al. (2010)2]
27454, Kim et al. (2012)2] 3]o}7}4=A], Moon et al.
(2012)9] &R17}A SollA 2ATZHE SR o)
o Fsked olipsh a2 felbk
A AR o Re] $E BHE A uhe} 9
S QA e Aow BRI, 2T A T
ol w2 Strahler (1957)2] 3114 vhg& B.ghs}e]
) A Wl P o F T Bx SHE A9
Ak & Bl Ak
A A3 AR 27w ool B S
A, OdE, #55, TTHEASF Tile 7189
Moon et al. (2010)2] B.119} x]3}= A o=z viehto}
webd ol el Shepe Aol tet Aol ¥
A vieh, B2 2870 o172 $xeh Aol
=2 Aoz od#x] glv}(Barila et al., 1981; Beecher et
al., 1988; Sullivan and Watiz, 2009). 2 Fr= 3}
Az A H7E o F F2] o] (£SD)E 2AMAA
W B 3 2 pEAAY e £ f5-20] Afelrt
A 243 Aoz s
v‘ra’]-ﬂ- 27| 2] o].ﬁ__e_ o]_Q_b‘]- LH/K-]% A‘j/\)gxal al
3]

~
o=
S

x r+

Z EN 113

FIII

Taol weh R2E AT, 2405, 2%, B SR
9] = 7|E UM wEE 3 (Moon ef al.,
2010, 2012)3 FLsHA el Aoz FAMEAH
IBIZS] #ae WAE ofel 5718 2HT Al
o, o]E £ EeHel £37e] W3} 5l wgos
A7) Fobalel wet IBI 3o g = s
Hoz AdEn 3 WAEA, AAEA 9 IBI &3

A%e] AL AR 2] Aolx ARG} 5

rir

2,1:

o =
stel= A3 geld 2ol e AAale ol A
o] Apolz A7, 4~6348] A 7 Ao w4
A W D §E AL 459 Aol g
oA Aew e ma & A7) AR 7|2
A4S Ao wud FAdE yrdestt o
Aste] 23 woh AU Q7o A5 wlEiol

2o Aoz Atggr

FAE BHEI 4 2AAA S sPAAee wlet
v“"i—ﬂ A R, ol shake el
F7, ol FiE A Fo| FHlEHA
olg]8t u|Eo]¥ HAI= Axis 1, 2%
7oz Q19 31 ol ZHel me apHe] Aol =&
AFAAET e A o] B2 FAAER TH
o] Hu, 7]&el] A& PRl whE ATeke
A3 et ol SAASTRE Fdstd® 7
AHEY] Y 87 8 28F Aok vlwd ¥
7] Welw, =yl st E el M3t stk 7R
o 3t Zlo] gl A7} F sl &, Sullivan and
Watiz (2009)& A4 A 2] E2lA - o] 313h4 4317
5 ook AsE vz FARE EAS AAEG
o]2| gk “”‘“}Ei Ed2 AAA el uhE AEF
6}"3‘:} 3}7‘]‘«’_ 979 = Hls

#
poy
ok
X,

J

A %‘4 & U-/] 7‘]"’]“} g 4 glglom, B
o o FAA A8 FAEA 3w ol 4 3
Axpe Fiel met 233 o] 52 Apo|7t FEEA] &
37] e, AR o Fo Ed-T NAS
HlEE o] 5%R, IA, FAA Fel F$E7] @Ed
7oz et

Pearson’s 434 A A3 Aage] Fuljel] o
gt 33 o 7o 23 AMAS, BHH 34 5o T
= o) 7o) gefd F e £ R At
AZF wom, o F B AFdAME 52, 4, 59
Tz} SRR Tl whel of ks ]7? Aoz £
A= et (Table 2). 3t A 23550 WA
X 2x}8}AH0l| A pebbled} gravel, 3x}3LH A= §-<,
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-3, pebble, gravel, 42}8} - | A= 42, boulder, 52}
AN E 2, 45 Aol S WX o=
Jepteh B 6AelAE ARRA 2AE Zo) B
A A gskert §, cobble, pebbles] 133
dae] 2 7oz R (Table 3). Aoz 33
2k EEA 3] EAS FEShe 895l ¥
AMEglont ol £ AT FANA L Aol A,
F% W o 9t AEst dvF 29 lew
NEEIE

=
o} o)Ak 2 AL WA B

P FAE BAE AN A, SRRl oel /)2

p

4

o] Ex]0o
#XJ_‘:_

H e

B o7 20074 1192E] 2010 99747 23 &
KB 62131 7HA] P Afgrel| whel F S1709] A A
73l AA zARIACE AAE A7 F 129 55
ojgjom, A A|AHA FZAAY (Zacco koreanus)
7} $A48ta, Z]2bn] (Zacco platypus)7} o4 3F3iT).
=3 AA7IEE 15 (1.8%), 3AFAA DE907]
FE 29 6%(10.9%), =155 225 (40.0%)°] <l
Hodok spAET) 2318k 6xfeH oz St
5 5 I =AS, FEEAS, FFEEAS WS
A Fe] b, A, SRS, RIFEE, 3%
BIEG A4t 14 A3l ebdeh 742 24
A3 7 AL TEFE T4 NAS AR,

2

ofN e

O

WAE D HE 34
Fol Egleh chisr ARAA AT AR

B (B4, BEEAS, A, HE 2, ST &
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2 QI AR AR =4 2 5712007
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