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ABSTRACT: This study investigated the difference in fish community structures in a main channel and an isolated former
channel, considering the environmental factors in the Mangyeong River, Korea. Principal component analysis (PCA) with
environmental factors showed that former channels were composed of a fine substrate covered by in-stream vegetation,
whereas the main channel was covered by a wide range of substrates with a higher dissolved oxygen and conductivity. The
result of the hierarchical cluster analysis with species abundance delineated to the four main groups; three abandoned
channel groups and one main channel group. Non-metric multidimensional scaling (NMDS) showed that fish community
structures of each study site differed from environmental factors: former channel fish communities were positively related to
in-stream vegetation cover, whereas main channel fish communities were positively associated with dissolved oxygen and
conductivity. The results indicated that channelization, where there was a separation between the former channel and the
main channel, had detrimental effects on fish community structures of both the main channel and the abandoned channel in
the Mangyeong River. In conclusion, this study suggested that the connectivity between the main channel and abandoned
channel were required to enhance both habitat structural diversity and species diversity of the Mangyeong River.
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Fig. 1. Map showing the study area in the Mangyeong
River, Korea. The opened circles indicate study sites.
Dotted lines indicate river levee.

AP W RN FAX) L 57 9115
Stk BR ZAEE B4 BREN 2 Fol
B3 Sioto] Aol WSk glgleh. B7iolA Ahy
M) F2 5AHL e Aol

R

2.2 o7 A

AR 2l o2 A% AWk 915t
ZA} A R (35 T T mm)& 158]) B, &
(% 4 4 mm) 305 AHg3te] Astsck AL

L AollA] BASIT A% Sl wRstark

S¥A 9 AR s 840 Sk e Ay
(Lazorchak et al. 1998, Barbour et al. 1999)2 2=
slo] % o7le] 97 21E Sgelerk siHlel el
WAL 7k ZAHHNA Qe 2078 Ao
%, 24, SR, BT e B W AW AES 2
AstAT). 84528 82 (Flowatch, JDC, Electronic
SA, Switzerland) = 5=412] 60% A|of|A ZH 353
7, 4408 HAE AHgsio] 2sialth 24E 4
I Feto® eI s Cummins
(1962)9] W& xsko] 215 (mud, < 0.1 mm),
Xl (sand, 0.1 - 2 mm), ZEAFZ (gravel, 2 - 16 mm),
A2 (pebble, 16 - 64 mm), ZH= (cobble, 64 - 256
mm), $E= (boulder, > 256 mm)E 53111 50
x50 em WS A4 HE T WolA] 7 5
ARt sHE RS 7155H3Ath AR s
= 7155 s dAY AHiRIER A 2t
Aol A stee] et FE& ARSH7IE ARE-Sto]
SAste] Bats oISt 2ARE AeR] A4
Hes AR E oA @A See® 4% &
Bt ot sh4o) olgleld 5448 Fofg
FRA=A7] (YSI 556 MPS, YSI Inc., USA)E A&
sto] =2, pH, &4k, A7 AEEE SA5h

2.4 Xt7 2

S1 o] e 2AIA Alole] BAE B



S.H. Kim et al. / Ecol. Resil. Infrastruct. (2015)

7] 9J5te] R 273 (R Development Core Team 2013)
o] A Vegan package (Oksanen 2013)9] ‘rda’ $H&
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Table 1. The environmental conditions at the study site in the Mangyeong River in September 2013 (meantSD).

Environmental factor Ab?revia Study site
-tion S1-F1 | S1-F2 | S1-F3 S1-M S2-F1 | S2-F2 S2-M
Water parameter
Water temperature (°C)* WT 13.5 13.7 11.5 16.4 14.1 134 15.2
Dissolved oxygen (mg L‘1)* DO 7.48 7.45 7.51 7.94 6.92 74 7.94
pH* PH 7.48 7.74 7.84 7.89 7.98 7.72 8.8
Electrical conductivity (uS cm™)* EC 210 211 210 629 152 241 614
Water velocity (m s™) (n=20) wWwv 0 0 0 0 0 0 0.0410.09
Stream morphology
Channel width (m) (n=5) cw 42+8 | 3347 321 82+9 | 53+10 | 251 88+3
Water depth (cm) (n=20) WD 130450 | 119437 | 2349 86154 | 81+35 | 74430 | 38%15
Substratum** (n=20)
Mud (<0.1 mm) (%) MD 65 75 30 55 95 40 35
Sand (0.1 - 2 mm) (%) SD 20 25 20 35 5 35 10
Gravel (2 - 16 mm) (%) GV 15 0 5 0 10 0
Pebble (16 - 64 mm) (%) PB 0 0 30 0 15 20
Cobble (64 - 256 mm) (%) CB 0 0 10 10 0 0 25
Boulder (>256 mm) (%) BD 0 0 5 0 0 0 10
In-stream cover by vegetation (%) (n=20)| VG 51247 | 49446 | 15+21 0.5+2 | 755124 | 42+45 0

*Water chemical variables were measured at a single point during the fish survey at the each study site.
** Proportion of substratum was calculated by 20 measured points at each study site. Mud, < 0.1 mm; Sand, 0.1-2 mm;
Gravel, 2-16 mm; Pebble, 16-64 mm; Cobble, 64-256 mm; Boulder, 256 mm < (by Cummins (1962)).
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Fig. 2. Ordination biplot derived from the first two axes
of principal component analysis (PCA) of the environ-
mental factors at each study site in the Mangyeong
River. Eigen values of both axes are 7.11 and 3.29,
explained 74.7% of total variation. Abbreviations of
environmental factors are provided in Table 1 and site
codes are in Fig. 1.
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3} Cyprinidae7} 8% (44%) 0.2 714 wopom, 71
T2 W-5ol2t Gobiidae7} 25 (11%)& ZFA3F3A
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(26%) ot T2 ZARA S1-F30] HE52H02 A
A151aL QAT BR0 Carassius cuvieri (24%)+= o}
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Table 2. Individual number of fish species collected at each study site in the Mangyeong River in September 2013.

. . Abbre- Study site R A
Family / Species - Total o/ \x
viation | 51-F1 | S1-F2 | S1-F3 | S1-M | S2-F1 | S2-F2 | S2-M %)

Cyprinidae

Carassius auratus Ca 12 13 1 13 42| 16.3

Carassius cuvieri Cc 17 19 3 18 63| 244

Cyprinus carpio Cr 3 7 2.7

Pseudorasbora parva Pp 1 3 6 2.3
Aphyocypris chinensis Ac 5 5 1.9

Pseudogobio esocinus Pe 5 5 1.9
Zacco platypus zp 4 4 1.6

Opsariichthys uncirostris amurensis| Ou 1 12 10 23 8.9
Cobitidae

Misgurnus anguillicaudatus Ma 1 2 3 1.2
Siluridae

Silurus asotus Sa 1 1 2 0.8
Adrianichthyidae

Oryzias sinensis Os 6 54 7 67| 26.0
Centropomidae

Sinjperca scherzeri Ss 1 1 0.4
Cenfrachidae

Micropterus salmoides Ms 1 1 0.4
Odontobutidae

Odontobutis inferrupta Or 1 1 0.4

Micropercops swinhonis Mw 1 12 13 5.0
Gobiidae

Rhinogobius giurinus Rg 1 1 0.4

Rhinogobius brunneus Rb 1 7 5 13 5.0
Belontiidae

Macropodus ocellatus Mo 1 0.4
Total number of species 6 6 8 5 6 5 18
Total number of individuals 36 43 72 26 55 21 258

*R. A.: Relative abundance.

e ZARA]AQ] S1-F1, S1-F2, S2-F20]A1= 6
o] FdtAUL HHo7t LTIk o] A}

AL Fotme] T4 AR Fo] AAHL 4

H S2-F2= FH=A7F ISR EEskal U
ok AR S2-F12 ol SollA A4 gl 7
EA B3 Lo R 3F0] el on 59
BolMacropodus ocellatus+= 2 ZAA o ATt &
Fstglek Hokme] AR ;R AR S1-F3

oAM= 8Fo] skt disSA7E A8k e
W=7 Aphyocypris chinensis, BE-gA 2] Odon-
tobutis interrupta= 2 ZAX ATt &34 ]
Q7 R ZARAG SIME 550] Zasigl,
1|7} SAsH o Wojol R FR] Pseudogobio
esocinus7} SAISHFATE ZAAA St©2-M2 5%0] =
Hsigom, melsh SHske o= et wle
u| Zacco platypus®} %7V2] Siniperca scherzerie=
2 2ARR O AR AT
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Fig. 3. Dendrogram for the hierarchical cluster analysis
based on the fish communities collected at the study
sites of the Mangyeong River. The dotted rectangle
indicates four groups differentiated by a height level
of 0.58.
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2e 2ANHOR Be U Hel TREs,
A ofF FY SE ARS vmpoii
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Ho] =9tt} (Kruskal 1964) (Fig. 4). H]H4ThA
e Aol A4 23] 24 s FYP5H,
TFole 2ARE S A DE 5% offjol v =3l
o ek C= 5% floll, A B= ol M=
ok W7 R ARG A A= 0 2% wid
Uk NMDS Zitofla] £ vijds B e
o] (Mo)e}t w32 (Ma)= ~2o] FA] J5k A
A S2-F1o]| 7p7to] Wi BE| AL, HE7N (Ae), &S
A2 (0s), AZEAR) (Oiz ZAAIH SLF3 73
ol MhEigch. FatEs] F2 AdaH: %ol (Ca)
g0 (Ce), #5-9] Pseudorasbora parva (Pp), <)
oy Cyprinus carpio (Cr)= ZAMA|A S1-Fl1, S1-F2
9 S2-F20f o &2 vjd = Qich T3St vl A Micro-

v
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Fig. 4. Ordination biplot of fish species (a) and study sites
(b) by non-metric multidimensional scaling (NMDS)
based on the fish communities collected at the study
sites of the Mangyeong River. The stress value of NMDS
explains the goodness of fit. (a) The angles and lengths
of the radiating arrows indicate the direction and strength
of the relationships between the environmental factors.
Fish abbreviations are provided in Table 2 and environ-
mental factor abbreviations are in Table 1. (b) Different
symbols of study sites indicate four groups of study
sites and a solid line indicates the cluster dendrogram
resulted from hierarchical cluster analysis in Fig. 3.
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7] (Sa)= 25720 2ARAE SI-M, S2-M 10|
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S2-Mej| 7}7to] v B =t e A (Pe)2} 2
% Rhinogobius giurinus (Rg)2 ZAMAAE S1-M F
HOoZ HjgE ]l
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Table 3. The direction of biplot-fitted vectors of habitat factors in non-metric multidimensional scaling (NMDS),
squared correlation coefficients (r?) and significant levels (P) by permutation tests.

Environmental factor (abbreviation) = Vectors - r° P
Axis 1 Axis 2
Water temperature (WT) 0.536 -0.843 0.41 0.325
Dissolved oxygen (DO) 0.972 -0.231 0.97 0.001**
pH (PH) 0.299 0.953 0.70 0.053
Electrical conductivity (EC) 0.998 -0.048 0.82 0.035*
Water velocity (WV) 0.422 0.906 0.60 0.142
Channel width (CW) 0.877 -0.479 0.36 0.405
Water depth (WD) -0.122 -0.992 0.72 0.074
Mud (MD) -0.620 -0.784 0.39 0.351
Sand (SD) 0.155 -0.988 0.42 0.333
Gravel (GV) -0.223 -0.974 0.32 0.442
Pebble (PB) 0.116 0.993 0.53 0.221
Cobble (CB) 0.512 0.858 0.91 0.007**
Boulder (BD) 0.287 0.957 0.84 0.023*
In-stream cover by vegetation (VG) -0.895 -0.445 0.88 0.014*

*P < 0.05, **P < 0.01

ATTAE A= 87 291e 824 (DO) (2 =
0.97, P = 0.001, 5,0008 x|3ko] 7]%), A7 AE=E
(COND) (+* = 0.82, P = 0.035), 2% (CB) (2 =
091, P = 0.007), ZH1= (BD) (= 0.84, P = 0.023).
A 9% (VG) (2 = 0.88, P = 0.014) 0]3JT} (Table
3). olol 2T FUES NMDS Aol 90
2 0] JUTAS HolTm T Fe Cot 7ol
e A (o), BEFALE (007} 915 B 9)
2|5}T} (Fig. 4a). A7|AEES} G2ALL QT
A FHof| wjdE WA (Pe), T]2hv] (Zp), 117
(Ou), 7] (Sa), 2712 (Ss), 245 (Rg), Loj
(Rb)7} YA3E WFo & Z4=5 11 glo] &=t} 4]
A W= Geke ZARAHO] HiEH &R A
£ 71 gho] =9k 11 E RO R Fof (Ca), H50f
(Ce), 4ol (Cr), 7ol (Pp), vlHte] (Ma), v
(Ms), F=2] (Mw), Bl55°] (Mo)7F 91X]3}3i Tt

2

4, 1 %
W7ol 27ste] st haE = Ae] et
Tt BHRoA offF 3] 25 v|wslled], A5)

o} 257 olel] o] 2 AjolE Holal, ofof w}
2hA 7 39 o R A 2 27 2 Aol
7b e Eleklnt ekee] RARAA SI-FI,
S1-F2, 82-F2= =°] AA=e] QlaL F7tof AAe]
eetglon sh Alde] 2 K= g of
AT} (Table 1). o5 AR Th2 3HE A
Ao wlal g oA FrE AAshlel ofest 23
oIt} olzellM= F2 Fol, HEol, Yo, Feol
5ol AAstitt. T ohE ole RARAHSL S2-F2
© oA ARt =AM SI-FL Bl S1-F29) vt
oot o] o ol ot s Aol o
ER T ol3tolxs FFEAlet tiESARIE A4
St o] - F2 HIAIR o] AL Aol &
W S5EL AR AASH: olfoltt (Kim
and Kim 1997, Kim and Park 2002). & 3d}}2] -
ShE 2AY SIF3S ToEs) AE v 7
£ Ajole] 2RRA f4l0] B 42 Fo] M
obA 5ol HlSRt BAolelT B EAAE 2
AR % 7 TRl ofR 7k Sekm, thE 4t
27k 7P SAlsHAl EdetAL FrRel 2 A4
gk el S=A7E Edsklh Wi 2AR
S2-F12 mieSARE AYE|glar Ao Qlsto] 7A
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A7 B8 2ARAS] S1-MaF S2-ME L5
ZAR = 2o] 2L ofF 4 FRoAE
Zpo) 7k QUleh ERolA= R Fo] YaL AAJo]
A Faxsh= v S AV ARt w3l
SHFAI o] Thetstsit). ol3tollA e ekt 2
TE|e}t o7t LAIekich g Hefjo] vlgo] w2
ZAAA SI-Moj| A& Ee A7} fazstglon &
4= ko] Rt RARAR S2-MojlAl= Tjetu], &
7he] o] @kt

SHHol A SE7) T sHeel T E| o] S40E
O] A1 A 7] =)

A A 7)o AAlE A9 Bieh 34
Efol] AABHE o}f otgaRe W] ek (Schiemer

and Spindler 1989). o]&{3t FgF2 A $J5}o]
wEFollA FHE R o]Fshe Boldt HEAE 7HA]
L ojFnl ofUj} 1 ERelAur Ask it

= S kS vb=t} (Andrews et al. 2014). T
HEo| off £& B 580 Lal A4 TN 4
Hot7] miZel F5E= olF Aof Aol Fagt
7152 3t} (Turner et al. 1994). o|&3t o] 4= &
TE7F EFe g ol AL g0l HEsto]
Aole] T}l WARAS ATels] ol
(Dewey and Jennings 1992). W77 ol A R71s) A}
P& TTHE ERETE APAE Bt oyt
7|0l Y steE Aeto 2 AAle] F-ote
£ FAAF ol Autw AejH S5E 9} 6t
L5 xghsto] XA shd 2ol 2 Warh dojdtt
(Toth et al. 1995). AR TFA7 A= AYA]
SlrofA= EF o= She fo] Fopx|al A4
ojo] Aol mrebd A4l Wsle] Apurio]
FOMA| AL o] o= S| UEkith
3 BRolAL Bebwow gulE Asz syl 4
Al Aol AW A] FEoteo] shE T 2A WolX]
L RoR UeRith 27 sH Aske elwet ¢
AE B AAISk] okt ERo] e]A ddA
S U osii Ao gt ofelg B

rorsh

B AAR) SRS 2ofsio] FomRe ohe)
259 ol B TS TaAl A3 Ae
t} (Schiemer 2000, Miyazono et al. 2010). FE3F &+
Aoz AR)8 wdel F4esh TohEk BR
o Aolgt & 7HAA EojA offF ool E/do]
A 2o|7} U= Ao g AZEEC) (Erskine et al.
2005, Andrews et al. 2014). TF37}9] THd= AU
A Fetofl A= AR ERelA AAsks FAd of
9] AJol7k ehaL Q14| ¢b7] wzell A A
Jo] T E|o] o]3to] T ofF9] AltA] W 2AIA]
9] 7155 A Hohe Aow wEch

5. 2 E

AN BRI FohEst BRE Fg
37 Aolo] ufe} off 24 o] BAo] wkor)
FohE el AE B Holo] 3 off 2y G
Hol7h 918 o 4= Glgiek. S4le] A stygo] A

FO& o|fo] Fom A4 FEr} e TohEH

ol AASHE o7 F= ek v 44
o] 23 A W7t vron] Tiet ST o]

e R
Halolr). oleiFt 2THe e ATIHE Uehis
o5 FH) WekozA Sl H4 AANS o
Hol= "AAS HoFal Qit) (Andrews et al.
2014). E3h Beo} Aoy FokEe] M4l Bel
7 RAIEA S S okl EAElE 9 A4
29 5ol o8l ofF AAASH oIF Fo] IR
= S =2 oAET) (Miranda et al. 2001, Miyazono
et al. 2010). TehA FaHES] A4l Tyt of
et meole] g4 shuvl e7E, Ea] Bao}
Fahwe] dAo] s A% g0 gL B
A &f 2] 54 (hydraulic dynamics)©] F-5}5=
of g FA =™ (Tockner et al. 1999), ojof| w}
o} Aajrle] 2 Thopy, B 28, olste] Ao
YA 5o] T71eE A o= ofliEct (Rose and Baker
1983, Kwak 1988, Kingsford 2000, Miyazono et al.
2010).
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whepA] 2 A ANE vigor Aol St
9] sE TAsk] QIR Heke thaat ol Aot
StaLA} gtk whgAol A e o T E Aoheet
BRo 52)d AZ4S 2hag Best ok FekE
o 94 AAxe shus] Sistel AL FElsto]
TFIEE Ao)x) FZho R ﬁﬂo = Ale] el
Wos Wz AYe
Sio] A9k 294 Fatol 4?4& Aol 715
=AM 5 Y Zolch AR g R}
i 7L AR Eo] QoA ERe| o] FelEw
FYEA ok, Fpelolas vigolA Fote
oF % sHel] TAF U AA oF9] o]Fo] &
7Fsstal SflolA= il Hazof| oo} ek
9] Bo] gduld o g H=a ujAEal 9= AElo|9d
o TEjER off ofFo] 7HsetEE Al S-S
A5k Sk Ao Washrly AzkEck

Al =

B ool FEsjoR AM7|&E ARl A
H]R 9 (127]484002)] o8] 44 =2t .
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