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Fish Distribution and Management Strategy for Improve Biodiversity in Created Wetlands

Located at Nakdong River Basin'
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ABSTRACT

This study investigated the environmental factors and fish assemblage in 42 wetlands between spring and
autumn of 2017 to evaluate the fish distribution and deduce the management strategy for improving biodiversity
in created wetlands located at the Nakdong River basin. The investigation identified a total of 30 fish species
and found that the most of wetlands were dominated by exotic fishes such as Micropterus salmoides and
Lepomis macrochirus. Fish species such as Rhinogobius brunneus, Opsariichthys uncirostris amurensis, Zacco

platypus were less abundant in the area with high density of Micropterus salmoides (static area) because they
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preferred the environment with active water flow. The pattern analysis of fish distribution in each wetland using
the self-organizing map (SOM) showed a total of 24 variables (14 fish species and 10 environmental variables).
The comparison of variables indicated that the distribution of fish species varied according to water depth and

plant cover rate and was less affected by water temperature, pH, and dissolved oxygen. The plant cover rate was

strongly associated with high fish density and species diversity. However, wetlands with low plant biomass had

diversity and density of fish species. The results showed that the microhabitat structure, created by macrophytes,

was an important factor in determining the diversity and abundance of fish communities because the different

species compositions of macrophytes supported diverse fish species in these habitats. Based on the results of

this study, we conclude that macrophytes are the key components of lentic freshwater ecosystem heterogeneity,

and the inclusion of diverse plant species in wetland construction or restoration schemes will result in

ecologically healthy food webs.
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=23 e A olet. 4847}
st vo]lo] AAE ], 24 ol Lt
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olglgt EHL= Ql 5A= A AAA =
AR SAE, 7 L] w2 AEAR
(Sutton-Grier and Megonigal, 2011; Zhu et al., 201
A9 & Ao R el gttt e SAE

1o

8% 2 v A A7F ThefetAl 24 E 0 Qith=
otk A A E oL AAbE P, A O] TR
AAERRE sk, 2 AEEe] S ExEE
tKStanley et al, 2003). E3] $AAEL L] oA 71+
SRR ol 2} Fof whet okt FEE 7HA7] Wizl
o5 FAL $A Ueld Be FEEY) A4 Hed
= UATH(Choi et al, 2014; Kuczynska-Kippen and Nagengast,
2006). S84 elRe kil ATEol A T
Fagt Ae mAR} MARje] o] F]elghchs Folck
SAEAS] HA9) EAR] ol SAA R0 R %)
of ol AJ§HE EAE-L 7 5(Lauridsen and Lodge,
1996; Meerhoff et al, 2007), o]= T A|x}o] HELS =

MECTIFAS 22X 4 9tiManatunge et al., 2000).
A AAACR el 2 Aoz QA H Q=
FAES 3EALRE FAAEe] SR8t B4 7HA

™(Thomaz and Cunha, 2010), o|&{gt & o $SAPAE

g0l 27 7lofshe Aoz
F240% Q) AErhpie] & 47
S BEHs] SIe hope el So] 70} gow, o
= ZAS5AF 2K Ramsar Convention on Wetlands)2- & ]
1607]=r0] 7Fd=o] = thEA Q] FAET oot}

SN 529 AEjA Fa/do] QlAE AL FTolH,
Aoz ERGE Aoz QA E o FX|77 oIy A
24, 918 ] T olfE FEEAY =] A AA
2o g wo £27F ALt Lehtinen ef al, 1999). &
3], TN = SEAIE Y F2 R o= 70~80 o F
< A0 BAAE HEIk o] AL Fopx|He]
T2 Fxste] FHARY Adko] golaty] wEolth
(Verhoeven and Setter, 1989). X|Lofl= 7| EH31e} o
=71 ol 77k wt} A EX|o]§ W3}, QfE 3
o, BAVSE WSt 5 FA1Y AAA e BETHeldol 91
k3 Q)&= Al olth(Findlay and Bourdages, 2000; Wood
et al,, 2003). TLEjA A& HEStL Teste wAE A
St Folet wejo] Washtt

5719 FeolLh A, 0 B8 AANEALS HskA)]
7)0] M mekaclo s Agsiu, ARols BTy
AAR ololzle. Ao} ZRAE SO ABLAE FA
AR s, o) 3717} got 85| mEan
(Allan, 1976) o170} 2:& ojd F2Abo] 4% 24 we
up A AEE 9E4o] 2 F-rolchPankhurst and
Munday, 2011). Zolut 813 2 B4olx] et A
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SEoL} S4B BES SHUL B2 R el

o

S Aersl] alol ojRel 2 AEARS
F HE=cH(McGlathery, 2001). ©]9} -2 oj&
A o8t E¥E FRES olFY A
7] 918l &EATTE W 2 4‘12% slujsh7]=
(Forward, 1988). =~ F3} o] & .4
a3k aclojth fiFR9] ofFf=
3l A sl= EH/\}Z}%{Metabolic rate) 7}1]11] H
WA 22 3 e mREs AR Y
B 7R27IA] = FA A 229AS 59 ”*O]mi
WA ES F7HAI B3 22 540
2} o] th27] gzl offF Fof wet 54
F2 HEZ7|% $HtKSodard and Olla, 1996).
*Oﬂ ‘?_ 52l = AL A7 EEY B 59| o]}
3o = ]E_ ShH(Moyle et al, 2003), ¢
el 7o) Ao whet Al kel
At 9] s Sk ol EEE A5t 8
THBookhagen and Burbank, 2010).
7 827} 03e) wsjo] T o] g el
A 99 A Wiske AL o PR 52
e BRI Bk ofRef L AR BET WP
W A9 o]3tsha E4(Kang e al, 2000) 2 A AF]
Iﬂ_ A%=(An ef al, 2001, An and Shin, 2005)2 2 dkojst
@k ozt AR Yo ofuix] BBl BALE 2
(Seong et al, 1997) 5 thoFst @elo & |3t %ﬁ‘ﬂﬂé
FA7FsoHA & Bt ofyet J3F a9l 7k AoAkg
AEONA oA FFE PIA=A 4 71“—°PE} ]?i 7%
A ool FHFole b ekt MskE & #dT 4
UE A S o83 obd 17 Bt HJ‘EEO] =]
oA thokslA A&l QItk(Park et al, 2001; Choi et
al., 2004). thEZA¢l »d 7| = 3sfubel IBI(Index of
Blologlcal intergrity; Karr, 1981)= o]&F9] B} x4
oHeiel 236l 4L Wbl Tlgos, 199
9 25 017 BAse) ALge] Aslol A v
REEpEE %ﬂﬁ‘f&%‘ﬂl AFGEIT SIEUS EPA, 2002)
s7dZ oA 2HA R F ZFo g, jigho] Mt
Hj=7 FA] b2 Bhof| thFst FEj ] 5A17F ARskaL 9l
= B4 T Y4B $elo] EA1E 20120 e
47y AF o= Qs AAdEH R FAEHAY EHoR =
A AAA] Fol diFit Fdst o, o] BAgoA 2
AR Hofet SAE0] FEE R ofof et i o=
AR = FA WollA] Bls=tt Ao hAGAE 245t
o] A9 FFS FABIHI oY, 24 o|F FAES A%
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29l B4} HHolLt A159] v|ofet Hol = Qg hefA] %
A9 ol Qe W4 o skt gl Agolck 53]
HE SA5S AT §ETY V)5 FEOE % 57
Sl fAo] olelgS 1 glo] Hx) ABThpgolL
58 50 Thopet B8-S S| SIek ARA 2R
e Wl whelo] Al AAolch B Ao At B
sl WRISIT 5419 ABAS HSHE A AR ol
o Bt FRHS 2ARR o} 2AZ T ATl
whegro] sl TSk Stk B Q17 vk 3F
20124 24 ol WAE P57 £A ) A5 welst
B RAS) 93 )2 AREA BEE A0 Bl
o

= T Zofl 91X]3ta glom, efujolA
AR O] =2 ke 7PXIUJI oA & WAz 2 7}
ot} (3FxZ0]:521.5 km; S92 23,817km’). EH&}
2ol 923 7709 W (oFE, A3, A, U, Otl;q’ 1)
of, -5 uhI} 15, 20120 YHE 874 H (AR,
Yok, JujE, AaW, 2AuEE, g9AE gy

-

Faiehnel ols) 4ol S0l 2dst S48 A
DS RS o Hopr Al Wgo] wska w4

57 98 B4 o Aol ge st 1
2Ry gk 53] SEYW 9 FRIAS $HES
Zgstol chRet 2719 GA7F AL 9k Ao

offt

__o]

]

oFe A Qlth(Son and Jeon, 2003). AFFA|HHE F kA <l
B0 g Ak AS2]l o] 8ol ) Heat sk

= et FokstE G AHE A, o FE HEF
ot ALH 27 diwido] i P QIck(Ha et
al., 1999).

2009WEE] 2012E7k4] AHE 4tz ols UiE
7 EA B A= glem, o] dA oA g 527t
LAY ARHARE o]F AT o = 5415 2738
Aot G ool 24 A2 dAlEA= F 4971=
H227W), w7(327N), VA4 ek Ee '/Fo]q
A eh= T—{ 5874 AR} 7F 279 St

l‘l

glom, AR fedo] AP uhe] FgG5te]
e B4 248 At a0l a8l 19 9]
ahitol SRl SAAIR] RS £ Bdol, 2

EH(Phragnztes australis), BEZN T (Picris hieracioides), *Y
o|7}e\(Salvinia natans), vrE(Trapa japonica), 5-°Ju}5
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Kilometers

Figure 1. Map showing the study area located at Nakdong
River basin.
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! STy, ol
84, A7 HEE, pH,

T2 §EAtae
SI DO Meter; Model
Z2]7](Orion pH Meter;
|(Fisher Conductivity meter;
Model 152)% o]g3ke] Z4=|9ich Smt 2 S7olA
A% 100m08 AT 7, ARLE ukslol S|
(Model 100B)E o]-83}o] A=tk Z24y(Total nitrogen,
TN)Z} Z9l(Total Phosphorus, TP) 52 Wetzel and
Likens (2000)2] "l of w2} Spectrophotometers: ©]-8-5}¢]
2ESIT. 7t 5700 MAE EATHEe} TRy
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AEsHATE AAEL v=E S48l 4 Sl
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3. Self Orgnizing Map(SOM) £

Self Orgnizing Map(SOM)2 H|Z| =38}
AFTo T AFTHARl RAES F33 4 A
¢l B4 vlH o 2 (Kohonen, 2001; Park et al, 2003), &
Aollde B ool AbRgE 42719] Alt2d5A W
olfiel B2 E WAL FASH| o) BEEALE. B
Q104 SOM R9je] g8l Hpnt dgzAle 5o 24t

¢

¢

° olRY 8 AU B 8AGL, pH, FEAL,
WNAEE, B, 324, F9, 24, 224, W)

o

|

S STt HA ol Fo] 5% wgtoR EHT ofF F&
SOM EAo| A A| Q)= qlct. SOM Ao sie H7H=
218]] quantization error®t A4S B71517] 28t topographic
error®| = 7] o|-8sto] mdllE A5l o, thekgt
T%2] SOM EHgg 53 F F error Fo| 7MY 2
e Hol ILZE 2EH o7 Ads}9 tHKohonen, 2001;
Park et al, 2003). ZARAES S2EHYS7] A4
U-matrix & ©]-§-5}%1.0.1, SOM 23-& F+445k= 21719
nodeS 7H] SALES o] §sto] 71y Haket e ae S
FE0ES SIGItE SOMEE 151} dlo|g 4] Matlab
6.1 7|REO.= o]fojf om, SOM R§ 5o HHH
oA 712 T}t 71552 Matlab oA ==
SOM_PAK(Kohonen, 2013) E8IAE &85t} 3714
O, SOMe| 9Jsff % 7+ SHAETe] 4L Hlush]

= o=
918 SPSS(ver. 18) ol-alo] THEul R AZS BA8Igch
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Table 1. Environmental parameters measured at study sites. WT, water temperature; DO, dissolved oxygen; Cond.,
conductivity; TN, total nitrogen; TP, total phosphorus; CR, plant cover rate. The unit of zooplankton
density is ind. L™

Number VDVT pH DO Cond.» Turbidity TN ) TP ) Water CR area
(©) (%) (@Sem') (NTU) (mgL") (mgL") depth(m) (%) (m?)
1 29.6 7.9 98 225 9.4 1.43 0.019 1.1 20.5 9,044
2 25.7 7.5 62 243 59 1.75 0.024 1.6 48.2 87,400
3 26.9 8.3 71 238 8.8 1.35 0.074 0.7 21.6 8,347
4 24.1 7.6 96 260 16 1.26 0.091 0.5 10.5 87,000
5 23.8 8.5 48 472 9 5.82 0.141 1.2 11.6 23,597
6 26.5 7.7 121 274 9 1.37 0.18 24 13.5 11,985
7 29.3 9.1 124 237 24 0.92 0.129 1.5 21.3 45,933
8 254 7.8 90 282 21 1.82 0.156 0.3 12.5 10,277
9 27.4 9.7 156 393 8 2.79 0.123 0.5 6.2 171,580
10 28.9 9.9 235 462 31 5.46 0.071 1.6 8.4 28,700
11 27.2 9.7 146 448 21 2.86 0.117 1.3 12.5 50,610
12 29.8 9.2 189 468 44 2.53 0.152 1.1 10.5 54,000
13 28.4 9.4 160 460 36 2.66 0.239 1.6 8.2 301,019
14 19.2 8 80.1 704 3.1 8.069 0.68 0.6 47.2 13,170
15 17.1 7.5 44.4 656 2.5 4.098 0.13 0.3 352 10,400
16 18.7 8.3 49.9 433 2 1.555 0.025 0.1 47.2 4,630
17 254 9.8 127.7 707 6.5 4.048 0.111 0.4 15.6 643,000
18 23.8 8.4 88.6 1,332 6.7 4.754 0.036 1.4 26.2 15,000
19 20.9 8 65 560 42 1.132 0.089 1.7 10.5 75,000
20 21.4 8.2 76.2 439 4 3.707 0.065 1.3 56.1 152,470
21 20.6 8.3 72.8 359 4 5.153 0.104 0.3 13.2 30,903
22 25.1 10 149.6 370 13.1 2.029 0.096 24 10.2 390,000
23 22.2 9.2 103.3 470 4.9 1.971 0.038 0.6 48.2 60,456
24 22.8 9 98.3 376 2.8 2.7717 0.024 0.7 10.2 426,552
25 21 8.9 89.6 439 1.1 1.589 0.031 0.3 21.5 17,500
26 222 9.5 101.7 362 5.1 2.403 0.071 0.5 68.1 55,514
27 23.5 8.4 85.5 350 14.3 1.373 0.042 0.8 84.1 168,486
28 20 8.5 108.7 478 43 1.738 0.036 1.8 87.2 124,417
29 20.2 8.2 77.5 455 4.8 1.921 0.032 1.4 69.0 160,853
30 19.3 8.6 83.4 492 1.2 2.876 0.016 0.6 74.1 150,000
31 24.8 9.8 122.4 409 11.4 2.37 0.112 0.3 0 33,700
32 19.8 8.5 84.7 366 3 1.481 0.069 1.5 87.2 188,932
33 19.4 8.1 105.2 425 1.9 2.203 0.118 0.2 32 188,932
34 19.5 8.4 81.2 69 9.9 1.481 0.04 1.1 922 3,720
35 18.3 7.9 81.2 307 19 1.663 0.061 2.4 97.2 6,880
36 20.4 8.1 102.8 458 10.3 2.278 0.081 1.3 91.2 149,654
37 21.2 7.7 110.1 330 8.5 1.838 0.026 0.7 86.2 147,400
38 19.6 8.1 70.4 471 11.3 2.245 0.082 0.7 83.2 68,579
39 21.4 8.2 71.5 414 3.3 2.802 0.046 1.2 85.9 37,840
40 22.4 8 759 406 4.5 2.619 0.031 2.0 83.7 30,003
41 21.5 7.8 67.2 627 3.8 2.104 0.095 1.1 80.5 137,800
42 19.4 9.2 132 377 22.6 2.63 0.119 1.9 7.3 10,000
Average 22.9 8.5 100.1 431 10.4 2.59 0.096 1.1 104,554

"Water chemical variables were measured on a single point during the survey at the each study site.
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247} @ pEt L Ao 5o Belxel aolv AW AUAS FHAm,

75550 MFEE A7)0l B gho] &2 Hlo| UnkAoltt

24} 717E Bk 2 SAeIA 24E B 29
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o,
rlo

A
O 1o [e] hA
A2 UEGt(Table 1). =22 17.1~29.8TC 2 HHYE
Hyon, 12(29.8C), 1(29.6C), 7(29.3C)H 52| &0
A 7P =2 2 ol SAEU gutdog, 22

HA o] 2k FAofA w2 FFS 7HAH, o] HH ]
S5 d7] 22 A 7] diZolth & AqtoA
T HAHo| F FA A o R @2 422 o] Ty
ATk EEAA = 44.4~189%2] HRIEA SAZE HAPZL H
WA F A0R Yepth ekt o fxHoA AR
9] 2 de= 7] FY AT E ke g felElE A
Apelr] e, & o ® FYEe 24l FEE
DA = 9t} BSo] Aol WA s 228l
3dd] W2 o ATt AnEl= A g FA ALY W
2 A4 o 27 719§t Brinson ef al., 1981). 17
U 2 AqtolA] AR YRR SR w2 AE T
ol Bkl §EAMA Y] FETF 2 AR YEIT
ol A= diFE Aoy R, 953y 59 4
FAE 98 Akl e, 1 9 FRAlEely A=
Y A ATF o R Ao xES Ft g9kl A
282 kA ApdelR] g A o= AlRE QI A7
EEE 69~1,332uS em'o] Wgon, o= dntH o
shA Q) ARl Al 2F 10~50uS em™ o], F-3lRol ¢
2%k sH50] 300~1,000uS em’' 2] MYS A= ML

ok off Bt 0] g HQl ACE AlmETh URhy
2R Y A7AEE g2 FH EXEEE 599 99
A7 T S0 wet Db, = F7 A oA H]
FE 5 AL AV|AEE 2po|E BHEA7|E= Fa38 99
o2 2k83tKNichoff et al., 2002). ZQ(TN)Z} 224
(TP)= Z}2} 1.26~8.07mg L'} 0.01~0.68mg L' & ebyt
on, A7|AEEL} H|SEHA| £ EX] o] gof wa} zto]
£ Hrk Rl T} T2 J¥AF= +44AEY
A S A3l Fash aQloR Agalrt. A4
9] FrFdolut Hol 52 =5 Wl EAd AAA
zof Fagt g s, o= Axoe A=Y T
oFAlS AATIcHBurks ef al., 2002). pHE= 7.5~9.99] H ¢
2A Ao R F49 gro] WEE T pHE dRby o
B A A 0] sl s dutEs AoRE dHA
RO, &EAA gho] WSS pH g2 Aol 7t
(Wetzel and Likens, 2000). Elre= 1.1~44NTU2| HE{ 2

2

(Jeong et al,, 2001). ZLe|u}, BAo= 49 59 24
ol gelo] A MAYER] ofom, A3
Ao oMgH e 71 4= Atk B A, RhiEd
Bt op et AEEFAES o Foll oA IF S
UARE A Eo] E FAY] AS A ST B

e
ol
1
rhm
H
<t
o
=

& 59 A AEE SOl AEEFAEC] AAstH, o=
g 4R 0]o]2 4> ¢lti(van Donk and van de Bund,
2002).

N

oF EZ E4d

ZAL 712F 58k, ol & 101} 30F0] EdstgloH,
Z 220171417} Y =] A cH(Table 2). I E& 7|A 4~ H]
&2 YJoj{Cypinidae) o577} o 7ol Hlsl $-Alst
Al Bxst= AR SRIE GO H(SF 49.9%), o= Uil
K2jo] SeIE P ofF % oiz} ol5} he LR
Hl3) choslAl EEShe 4t QXFICHKim and Park,
2002). 1 9 HAL-H 1K Centrarchidae)7} 40.2%, Y=o
T Gobiidae) 7.1%, FAF2]1HOdontobutidae) 1.6% 52
+0 2 Yetkow, 4Al2]7Adrianichthyoidae), 1]3tg]
THCobitidae), 7}H=X]T¥H{Channidae), “5A}7]Z{Bagridae),
| 7] Z(Siluridae), = 3] 2]ZHSynbranchidae) 52 1% H]
ko] =482 Rt EFZ(Lepomis macrochirus)i} vl
(Micropterus salmoides)= ZYZ} 4472} 4387 A = XA}
= FAENA 7P sk SO SRlEglen, 1o
20 2= Boj(Carassius auratus)7} & 4047|A] 2 W2 7Y
A47h Z@shelch. 1 vl sletul(Zaceo platypus)St T
EH1ANE(Tridentiger brevispinis) 3t Z+ZF 1359} 141
A2 HIEgE 28 Fds Uetsth 71 B2 o Al
S7F AR HA = 2583 29002 5 1863} 177 JHA|R
ZALE]QItH(Fig. 2a). 2981 SA1= EF4o] 150704 = ot
& 2 SHES YR vhY, 25 SA= AR ikt
F(11F)0] vt HlERE Exsh= Zlo] ERI=ST}. 19
L 28, 8%, 24Rof|A] o] F= FTUAIS =2 WHH(109),
MAlp= AE Aoz 2AESIT

ZALE SR WA EFEZ(Lepomis macrochirus)i} v
(Micropterus salmoides)?} 732 9]F|o}E2 &3 H|E&S
438 =& Aor RAECH, WAe= SRl ot
FolatithFig. 2b). Y572 ARE 7R 9] 9
oF X P AYEY, vjas FE SR Bl
wESIG O, ERAL FE SRt =2 S8 FF
= UEhl] ofof 22 Far e EFAT v A4
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Table 2. The list and individual number of fishes collected from each site.

Taxonomic groups Korea name 1 2 3 4 5 6 7 8 9 101112 13 14 1516 17 18 19 20 21

Adrianichthyoidae 2t

Oryzias latipes S At 2

Cobitidae o] tE] 1t

Cobitis hankugensis == 1

Misgurnus anguillicaudatus o]tz 11 1
Cyprinidae olojx}

Acheilognathus macropterus SR g 9 1
Acheilognathus yamatsutae U E

Carassius auratus o] 43 2 5 9 7 23 5182 3 2 1 1 111 4
Cyprinus carpio 9J o 1 27 1 2
Erythroculter erythropterus A 1 2 6 2 11
Hemibarbus labeo =2 22 1 15 1 3 4 6 3 2
Hemiculter eigenmanni ] 2] 1 2 39

Opsariichthys uncirostris amurensis ~ 112] 2 516 3
Pseudogobio esocinus 2 EA 5 1 2 21
Pseudorasbora parva 250 3 6 2
Pungtungia herzi =117 2

Rhodeus ocellatus sEd=EA 5

Rhodeus uyekii ZFA B0 1

Squalidus chankaensis tsuchigae =7 6 23

Squalidus gracilis majimae 21E70

Zacco platypus 1 ghu| 8 3 17 10 117 3 22
Centrarchidae AR}

Lepomis macrochirus =227 1 1 1 1 311 4 2 3
Micropterus salmoides Hj A 1 1012 4 25 7 1 19 525127 8 5 3 3 13 6
Channidae 7= A 1

Channa argus 7HEA] 1

Gobiidae TE=ojy

Gymnogobius urotaenia HR| 1 1

Rhinogobius brunneus Joj 2 9 3
Tridentiger brevispinis NEAAYE 2 22 16 5 2 8 311 5 29 8
Odontobutidae ZA

Odontobutis interrupta AE2=A1 2 1
Odontobutis platycephala FAH 15

Bagridae Z2 7t

Pseudobagrus fulvidraco FAH 2 2

Siluridae o] 7] 2}

Silurus asotus | 7] 1

Synbranchidae =383

Monopterus albus =335
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Table 2. The list and individual number of fishes collected from each site(Continue).

Taxonomic groups

Korea name

22 23 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

Adrianichthyoidae
Oryzias latipes
Cobitidae
Cobitis hankugensis
Misgurnus anguillicaudatus
Cyprinidae
Acheilognathus macropterus
Acheilognathus yamatsutae
Carassius auratus
Cyprinus carpio
Erythroculter erythropterus
Hemibarbus labeo
Hemiculter eigenmanni
Opsariichthys uncirostris amurensis
Pseudogobio esocinus
Pseudorasbora parva
Pungtungia herzi
Rhodeus ocellatus
Rhodeus uyekii
Squalidus chankaensis tsuchigae
Squalidus gracilis majimae
Zacco platypus
Centrarchidae
Lepomis macrochirus
Micropterus salmoides
Channidae
Channa argus
Gobiidae
Gymnogobius urotaenia
Rhinogobius brunneus
Tridentiger brevispinis
Odontobutidae
Odontobutis interrupta
Odontobutis platycephala
Bagridae
Pseudobagrus fulvidraco
Siluridae
Silurus asotus
Synbranchidae

Monopterus albus
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Figure 2. Fish distribution and relative richness index of invasive fish species from each site. Individual number
and species number of fishes(a), relative richness index of invasive fish and cover ratio(%) of aquatic
plant (Lepomis macrochirus and micropterus slamoides)(b)

o) 2] 4] WE o] FOZ AR
AZE 245 5o GAFE Hol

A4 Ao

oA L7} 22 Ao] YutA ot} YErtol e
Eaolv Y shrdat 22 shRtollA] w2 9 v
I} jAS7F ZetE] 3L QIthKim and Joo, 2000). =AY E]
A el A AZHRG 27t B2 ojgel £ wojges
Rgal7] vo] SUAES TRHRA 4T B 2
o2 Ad#A Ui Burks et al., 2002; Kuczynska-Kippen
and Nagengast, 2006). ~/41&=2] &7|u 2] 5o &4
e T Al= of el B2 EARIAIA AobaE SES =Y
4= Utk A EY o]k wdA] A= 94| A
o AL Al 7]ofsh, AR A= HolE A|EHA O

2 A% 5 A Bk T BRUL ol Hre] 24
A2 m% Yol EARE0] o Al ke Aow o
A QJth(Paukert and Willis, 2002). Crowder and Cooper
(1982)= A4 =9 UE7F S =Y ol EF 40
A ol MAlel] AZkRL 27 Sof diald e

==
=T

SAA Z@ Lol
ol ooz
FHgih olo} Wi SAABe] Fiat
wEE I

A QIti(Valley and

Bremigan, 2002). 2|4 WHE7 ARl AL e 4

qEel )w, Bt uo|g, Wjro] 94 Foz ols B

do] AAls7of AesA] bRk, shRtol S A A o]
]

e SAOM e T2 MAEAte] AlFEY] el &%
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Table 3. Characteristics of each cluster assumed based on the distribution patterns of input variables and number
of study sites in each of clusters. Abbreviations for each input variable can be found in Table 1. WT, water
temperature; DO, dissolved oxygen; Cond., Conductivity; Tur., turbidity; TN, total nitrogen; TP, total
phosphorus; WD, water depth; CR, plant cover rate.

High Factors

; .. Site
Clusters Environmental . Cluster characteristics
fish species number
parameters

Carassius Carassius,

Rhinogobius brunneus,

Pseudorasbora parva,

Lepomis macrochirus
Erythroculter The highest TP and TN were observed in this

Cluster 2 Cond., TN, TP erythropterus, cluster. Species number of fish was lower than those 8

Hemiculter eigenmanni  in the other clusters.

The highest water depth was observed in this

cluster. The species number of fish was lowest in 7

this cluster.

The sites with open area, some emergent plants, or

without macrophytes(indicated as ‘absence’), resulting

in a very cover rate of macrophytes. 12

The sites belonging to this cluster were dominated

by Micropterus salmoides and Tridentiger brevispinis.

The sites with deep water depth and diverse
macrohytes. The highest fish species was observed 15
in this cluster.

Cluster 1 Area, CR

Pseudogobio esocinus,

Cluster 3 WT, WD
Zacco platypus,

WT, pH, DO,  Micropterus salmoides,

Cluster 4 Tur., Area Tridentiger brevispinis

Table 4. Data configuration for the self-organizing map and input variable means for each of the clusters.

. Clusters
Variables Mean SD 1 > 3 7 F P
Water temperature(C) 229 3.5 20.7 20.2 26.7 254 21.162 .000
pH 8.54 0.73 8.3 8.3 8.4 9.0 3.362 .029
Dissolved oxygen(%) 100.1 383 86.1 78.8 98.9 1324 5.904 .002
Conductivity(uS cm™) 431.0 191.4 401.6 482.7 465.1 413.4 0.402 752
Turbidity(NTU) 104 9.7 7.0 3.2 10.0 19.8 9.402 .000
Total nitrogen(mg L) 2.6 1.5 2.0 3.7 2.2 2.8 2.761 .055
Total phosphorus(mg L) 0.009 0.1 0.05 0.1 0.08 0.1 2.106 116
Water depth(m) 1.0 0.6 0.5 0.3 0.5 0.6 3.371 .028
Plant cover rate(%) 41.1 332 79.4 32.6 23.8 9.0 55.828 .000
Area(m?) 104,554.4 131,173.8 96,505 110,939 117,244 102,957  0.044 987
Acheilognathus macropterus 0.5 1.7 0.5 0.4 - 0.8 0.367 177
Carassius auratus 9.6 11.8 15.6 2.8 7.4 8.0 2.581 .068
Rhinogobius brunneus 0.3 1.5 - - 1.6 0.3 2.229 101
Erythroculter erythropterus 1.9 6.8 0.3 6.9 - 1.9 2.017 128
Hemibarbus labeo 1.6 43 - 1.8 6.7 0.4 5.947 .002
Hemiculter eigenmanni 1.4 3.0 2.0 2.6 2.8 0.5 1.357 271
Opsariichthys uncirostris amurensis 0.9 2.8 - 5.6 2.1 0.3 3.454 .026
Pseudogobio esocinus 0.4 1.1 - 0.3 1.9 - 9.268 .000
Pseudorasbora parva 2.0 4.2 5.0 0.3 - 0.8 5.083 .005
Zacco platypus 3.2 7.6 2.5 4.6 8.6 - 2.156 .109
Lepomis macrochirus 10.6 27.4 27.2 1.1 0.43 23 3.317 .030
Micropterus salmoides 10.4 11.5 13.8 53 6.7 11.8 1.290 292
Tridentiger brevispinis 34 1.5 1.2 - 4.1 7.8 3.745 .019
Odontobutis interrupta 0.5 2.3 1.1 0.1 - 0.1 0.609 .613

The unit of zooplankton density is ind.L™". The significant differences between clusters were based on One-way ANOVA
analysis. SD, standard deviation ; F, false value; P, probability value; NTU, Nepthelometric Turbidity unit.
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Figure 3. Clustering through data learning by the self-organizing map. (a): U-matrix (b): clustering result, and (c):
hierarchical dendrogram.

WT Conductivity Turbidity TN
0.97 0.98 0.86 0.84 0.63
& 0.93 0.95 H H 0.83 HUTE 0.59
0.89 0.92 78 0.79 0.59 0.79
d d d d d d
TP Water depth Plant cover ratio Area A. macropterus C. carassius
0.30 072 0.93 1.02 0.24 0.80
HU.w HU.SS HU.51 HU.?E HUJQ 0.49
0.08 0.38 0.02 0.52 0.00 0.138
d d d d d d
R. brunneus E erythropterus H_labeo H eigenmantii O uncirostris P. esocinus
0.32 0.45 0.52
& 7 Hms & & &023 0.26
0.00 0.00 0.00
d d d d d
P. parva Z. platypus L macrochirus M salmoides T brevispinis 0.59 O. interrupta 0.21
& H H H HUSU 0.10
0.01 0.00
d d d d d

Figure 4. Component map of 6 environmental variables, 8 aquatic macrophytes, and 3 animal groups. Each band
shows the individual number, transformed by natural logarithm. WT, water temperature; DO, dissolved
oxygen; TN, total nitrogen; TP, total phosphorus.
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23}, 40 Fxol HABHEG O, F 4] FeiAER
T2 521 tH(Quantization error, 0.68; Topographic error,
0.03; n=42; Fig. 3). 4749] Sel2el AZH 27 549
AE9] Apoldol| 7]Htsto] LR E Gl o, o5 FHAE
ols sAFCE {3 Zol7b IUTHMANOVA,
p<0.05; Fig. 4). SOM 4] ZAil= 7]&0] dHHH o7
A AA E/do] & HhedE o] eyt Table 3, 4). S2|2H
12 AetRol A 7H =7 vebg o, of7|e] &3t $A&
9] 3 542 galo] oL, A E o] FHh Aol
& Ae® Yeyth 2 19 &3 GAEl = B0,
o], A8, 3Heol, EF4, 455 59 ofF7t 2
Sk om, RS oA A 702 FlRof| 9
A8k3leh S AE 1o &3 FAES 33 419 &
i F 7MY B2 15709 SAE ZgekaL lglon,
71 ohekgt o] F7F 2L Q= A SR RAFESI o]

£ GASS Wao] W, GshAn 4oalEol ArjAo.
2 F5510] TRt of 57t Bashlol AR A4l B
AR RO AT SYAB o3 2HH A4 3
e 2ok g BANE HT 5 Gk WIS AT
o 4 glom, FREYAE 5o wolglo] choket 4L

=

7Rt Cattaneo et al., 1998; Burks et al., 2002; Castro
et al., 2007). thket FejE 713l =AAE Fol A 14
245 BT 728 4 5 olov), mARe) B )
ESE Hojuk Ao g UdEA Qti(Warfe and Barmuta, 2004).
Dot A o] MRS TAESE olRe] 24 35
ESE AokE 4= It Crowder and Cooper, 1982). L2} A
SR Yol M AR olRES AR Slolt &
7)o F2FE njgEolu Ao FAF Foll tial oA A4
Sh= A2A Q) FElE 7Rl Fo| Wri(Pelicice et al., 2005).
Awstiizol, dedor EF4S PR =2 F5F
SOl st BARES 71 & Qe AR A
STk G52 EAol AT AFRASAEE 40| 2
3, e} of H4E o] Aol HgAE Ho
B35 FeS 71 saag0] AR olele

F2 2o 92leieh 2 Heale o)
st

3
A7) fgoll TEEFAE 5ol AAAHEA S agl
2 Holtk. ZHAF 1of &3 YR FAoA = A 7
7 =2 Ao g Yem, o= AAtet 3 A
O] vl E3F o} uiAvt AAsh] ATt S Al
7] W&ol Ao 2 AR Eh Cardinale et al.(1998)= <
4 olREL Aol A EAgE0) ARrE|LR 4
Aagrhe] AAWE Wsehs BAL 71 ol
AU E Hlold MAES 24517 fIstolztar AQtstaitt.
ol & wf uiAE HE AN BEAS Ho| &

1~ o g

5ol oJHANL FHANYE Yol MAES E4]5HH A
Alo] 7hggt Ao AbmErh FHAH 2= SOM MAP
W &% Sk X8t glom, FA(TP)olut Fa 4
(TN)7} =2 Rt SA7F &3 oot dFd7el &
7 =7] W2ell A7)71M % S w3 = A REsh, 4
Aol i er ke EAE Hafal Qlrt. A2, 112, Tjet
n] Fol EA Fast, Ay ER47 22 ejo]Eo
SAHES R Holth o5 FAES FE 334 79

=
of 4% sA5°IH, AYHAY o] 7=

{0

[e]

=3 549
7H17) W off Fol A1 AHGTF e E4E 7

ok T3 AJe, 1e, wjEhn] 5] o {FE Hijo A
Florstm 2 ujAo] Wr) AR os AL FejiE 29
£t SASAM FAEL = Aoz AlrE EIF A
g, ;me, | & A olFer AR FAl
A R3S UES 7R7E Fith SeAE 38 % shR
YABEAL Qlom, o] Fil p4fo] Zlow, AR 5AY4
0] SHI E4e 7tk o] FAB 9 &3 SASS
Fat o] Aol fIAlskL glen, SR Ao
Holu 4 27ek0) 28] &gt Zlow FA .
T2 2z A M 7HAH, FAU R Aol 2
2 olf7} 32 2HstE Aoz Urhyth ol Eio| A
Aot Fol FUE Aoz AlmETh w29 HfFAl=
2ef sHdE AAARA Asstn, s W 2eff Atolof 9l
= TFolu HAE & Atk Ao dEA Aot
(Suzuki, 1964). S2|2F 4= LEZE slthio] fJA|skaL
Ao, pH, §E4 A, B 5ol 52 SAEE FAH
At FAY Y= FE A TsHAl T3 E o
om, w20 "7} s &8 Bhof YEaduEeIu
A @ thE ool SAHIES AEe] W Ho . Hl
A AT} 22 32 AT, vt ol Ak )
= AU oA e A4S 7HITE =3 S 49
&3 SA59] HA o] 7] ¢ Bhof| wj29] X250
FFLE e olFEY £xe Wif W Aor Ard
UEA4YSS o A= 10em H=9] H4o|= A2
Holm|, =2 AMYZE 517] wzof vjLof ot 24]o]
At} A d@dwe dfelz 271 Im7h 97 wii
of wj27p A o Agsty] otk 1A olF 28
Hj 20} FE8h= Zlo] 7Hsdt Broll fUsHA SESHL A=
Aoz AlmEy 28U o5 FAolA o 7o Frhekde]
Ao s B2 AL E& HEY BHE S AR HAl
ok AEY {7189 S71= QIR e WS R o5
= AT 5 7] Wzl ol59 £x2E #E 5+ 3
(Cyrus and Blaber, 1992). 184} £ o4 SOM 21}
= dideR AL WeE o off ek BAE
EA5H7] wlizell, TRt 718 w=2ollA AAE Y FR

£
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3. 07 MAIZ 7|HIeE ot MaxdEX| &a| Wt

Y57 B2 Y 2AE AFSA0IN BRI ofRES
Z 30202 JE7F AR} 319(30%, Kwak and
Huh, 2003)9] &&=3} 8|58t 20|tk &4 Y| AlEx
AEAEe] i 98 2 Hor fd-fEE 7

Oh= Ae ekt SRl 2Eohs ofE2 FolA
TrefE AR Btk 5219 24 Al S
TAE S8l e 2Reh dAdE FEsl o Z“
O] % SRIAIHS] A5 Q] Haolt A Ee] WA 52
2 QI8 A 7ol A A7 EH%'A—‘:#OP*E}
&7 w2 Well 288 AtsAle F 49714 A A3t
77He) A= e BETY of2g] AT Azt S/
7h Y Folqltt. AR 427 54| TRt ol A] pelo]
O‘?Jﬂﬂ stplou tii S<paAe A= 7 A
shput AT, S SR G904 52 Bal ol A
gl dubd oz el A| A=) (Closed system)ol| A Y=
e Aol Fh4atE)7] B Aol SHE Fol
F2 Baahs AL AekehE, AFRAEA5A vt
B3 2E ool $HL ABTPIE WrE 2
glo] & 2= Sk E3 $307e) V)% Asks HAe] 5471
of77] ol &7 B ojRE o] ot 2.9
o 71&3lElE 2Qlol| % sith. B3] & ATolA FE
) 200 453 $709) g0l Belolt BUbt g2 o
AR/ £ AL HUT} fE70) 1% AR A &
A7} A AL olF7) Wl Aow ARH: Fe2
g 20f &3t SR = Ay melek 22 F50] st
7IE sheu Ao s W2 HES JHAT: mhetA o
= BAONA o7 T e =oll el Fe] 4
HlEs W57 AEiAe et el ide S
G 9l Baure] ghwrl desicha A

AR 579 BRI} 8 3 EF ol5e] REE A}
£ 0 melth FeAE 4014 Ui STt e 540

£ 22 ol NERYYETe] Fdshs o2 Y

wu} o5 HANN AHOR F TP He AL )
ol BARE 7oA, o SE Qg 1
Ho]——gﬂs]_l— Qolx oLCL .Q.E /\],qu_ ol %
SE7 e A ToAbHe) A BAY A4

Ragh Ujx)9] B]go] trof B3 Hahs o] X
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ol F% 2919 5 Atk Yol BEHA
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Q L, 318k 4= QltH(Cazzanelli ef al.,
2008). Y57 Aol IAIgE 54 e TohAbE S| <
F3p} ol 4EEo| REsto] RN} UlS e
A2 =2
)9 =k ¢ ff 2 o2 ehedh Aalx] L2}
FAE7| = s} tHMichelan et al., 2010). TAJAE2] H
SoL} Tl Fo| S tholt FES b HlAAAAS
28R Balr] wj R theksk o]& £0] AAlS A3E
4= QItH(Croft and Chow-Fraser, 2007). gt o] 72| Ho|
7} e sEEdaEcIU FAFEES AN EY 27
U ma] ge B3} 4 9l 7)A BES S8sle B4
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St £ S UL offt dolfl) 12 ol
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QA Bl F4Eo] RSk sto] AV Kk ©
oItk 5A1e] Helolut AT 24 Al A2l AAE 44
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ol o dlolr. 441 A4HE s el
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