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Distribution Dynamics of Fish Community in Shallow Wetland by Environmental Variables'™

Jong-Yun Choi’’, Hyunbin Jo’, Seong-Ki Kim’, Geung-Hwan La‘, Gea-Jae Joo’
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ABSTRACT

In order to investigate the distribution and species composition of fish in shallow wetlands that might be
affected by environmental factors, we investigated the physicochemical parameters, macrophytes biomass, and
fish assemblage in 24 shallow wetlands in South Korea from May to June, 2012. In this study, a total of 20 fish
species were identified, and Cypinidae were found to be the most dominant species. Physicochemical
parameters and macrophyte biomass were different in the survey sites, and macrophytes biomass, in particular,
showed a positive relationship with fish abundance in stepwise multiple regression (df=1, F=32.00, P=0.001).
According to the result of the cluster analysis between survey sites, the survey sites were divided into three
groups in accordance with species composition of fish in relation to macrophytes biomass. In the wetlands of
the first group, Lepomis macrochirus which belongs to Centrarchidae was found to be dominant and other fish
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assemblages were hardly seen. In the second group, unlike the first group, Carassius auratus that belongs to

Cypinidae was found to be dominant. In the third group, Lepomis macrochirus was found to be as dominant as

the first group but various other fish species appeared. Where there was abundance of the main food sources

(i. e. zooplankton) of fish in the survey sites, there were more diverse macrophyte biomass. Consequently, it

is proven that macrophytes strongly affect the species composition and abundance of fish, and high biomass

of macrophytes support high assemblage of fish. Based on these results, we recommend establishing diverse

aquatic macrophytes communities when restoring or creating wetlands to assure high diversity of fish species

that use macrophytes as their habitat.

KEY WORDS: AQUATIC MACROPHYTE, MICROHABITAT, SPECIES DIVERSITY, CLUSTER ANALYSIS,
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SA= SAAHAY 5 B A Y Sl A5k Kol
Afolw, wfe FQ3F AAAZA Q14 E L glth(Denny,
1904). B3], ol2jg BAN AL E& 4102 d) ol
S FYE Be oyt YY AR FHEHA Al H
ng ol AAstlo] Agsict LA dur o
o] RIMsHA S Em, ojddt 43 &

A FAAE fA ZolEs 4 qleh FAAES & St
A AAAY B fLxE AR e Fa% agloe
(Warfe and Barmuta, 2004; Thomaz et al., 2008), t}oFst
FEEE Y3 A A EA L HH(Wolcox and Meeker,
1992). ®3t LA ZAAE 396ty] fI3t odA =
Aol 715 % 7HAH, o]gt e A= F£E ZYAEY
Aof Fo| AL FEolA Al Aor Hiwef gtk
(Dionne and Folt, 1991; Lauridsen et al., 1998). 2 At} ¢
Tz AddE FAste #AAE Y F2U FH
utet AolstA vetute, dloju £7] Fol BTt 25
HeE AHAARA 7)o 7 th(Lillie and Budd,
1992; Choi ef al., 2014a). LA 2R AIEL 270 A4
ot TEEY & 0T WAL fAd 2A 7oA 5
e} 539,

BPNBL G2 SANBHSAE 2 G4
2t v

T T Ew

5HE 225 VA AeR A e

(Manatunge et al., 2000, Meerhoff et al., 2007), ©] &3t

540z Qe d4Age] RS o 5EE0) AE
1 JRAE AASE =& 5 tH(Choi ef al., 2014b).
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Ao 2ok gl 274
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)
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o FE A4S T
9 e Aoz
Stansfield et al., 1997).

Bol€oR FEaE AL A2 A
A M (Moyle and Cech, 2000), =3 W A &c}oF
A7) Qo] o] 5Y Fxo it dA+= F4T
AA o A S o) EATES AT}
A 1o (Diehl, 1988; Valley and Bremigan,
2002), o|¢} Z-& AdE= o f7F £ s EETE
Eou} 2H 25 ARG 5 OIS SAAE 2
olo g z+g3strh(Lauridsen ef al, 1996; Thomaz et al.,
SEEYLE UL SANES HUARA
Ao 7 Hiwo] Q) o (Burks et al,
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(Burks ez al,, 2002; Warfe and Barmuta, 2004). £3|, o] F=
AN E FHE 2R Fx Feol 4% 27
FFgErom, oyt A= YA FxuU Vs WIE
ol oloR Ageh oj2T FRRAN B,
U e o7 FRAJoI BE| HTt ofsfol 44F4]
=9 g% 7tnEof gtrh g&o], AR U A4
2223 Wao 2 2dEe £ ¥ gl EohE A
oA o] 59 #iof gt A EY FIFE ot A
o] 59 2d HHA Y 7T FA SHAAM ST 4 STk

weba] & AFolA = A =] SAHtHE ¥ A9
A o7 F 2L REE AL, A=Y HET
= ZA &7 aQlo] olfo WA= FFS BT
=EH A9E vger AN EY AETo] ofF Aol 0 2 )
Buot 3 240 0L JFE YrstnA Bk 7 44
nbt} A2l R0 B 1 oA xo] thEn, o|9} 7He 3} Figure 1. Mgp ofd the Su;'(iiy gitels. ”l;h;: stu((iiy1 sitesda?e
L oala 2 - o = indicated as solid circles (®), and located 1n

o= ol © w40l -‘iioﬂ 5271]-03?5;::_, = Zﬂgﬂi 7 the southeast South Korea. The small map in
ot ol o7 £ 545 WY 549 =S the upper right-hand corner shows the Korean
£ Urg vuste] fAPAEY] A o] ofFe Hold peninsula
Table 1. List and location description of each wetland

Site Site name Latitude (N) Longitude (E) Administrative district

1 7 35°31'14.83" 128°23'07.03" FYL Sojd 71

2 7tk 35°12'30.41" 128°00'38.59" A=A HAH 74ake

3 tAtE 35°21'49.04" 128°27'03.03" hor oAt Aote

4 HE= 35°20121.97" 128°20'12.08" ot 4w g

5 e 35°18'18.26" 128°18'09.18" ot FEW Y27

6 524 &% 35°19'45.37" 128°19'08.95" Fetdt Haed gAke

7 HFA] %) 35°32'43.47" 128°07'03.26" FHL S3W Fakg

8 BRI 35°26'30.07" 128°28'51.73" A3 Artd {9

9 A= 35°24'40.51" 128°28'01.79" A+ FAS AR

10 de=s 35°09'04.91" 128°09'37.90" AFA A o3

1 AZA 35°3323.97" 128°08'07.04" AT £ A

12 29 35°19'23.94" 128°24'08.96" ok At &4

13 on: 35°33'17.60" 128°24'45.40" A o, i, fFod

14 45 35°09'29.47" 127°57'44.45" AFEA =3H e

15 R 35°26'41.73" 128°22'59.91" FY FAS Yot

16 et 35°20'51.02" 128°25'34.52" Fhots fAtd B e

17 8% 35°18'06.25" 128°20123.58" Fpob ZHY 03

18 AH L 35°26'02.05" 128°29'37.26" A G AA e

20 e 35°21'04.63" 128°29'19.13" Fhot AAW e

21 A ¥ 2| 35°33'08.14" 128°09'45.19" FHT HFdE g

22 R 35°19'17.34" 128°20'53.49" Fhobt W4 LA

23 SIS 35°30'58.46" 128°24'00.91" B gojy 2

24 A 35°18'45.03" 128°47'50.00" AaAl stgE, AEd, A, A9

25 TNE= 35°19'28.62" 128°1927.23" Frotdt W4 SAbe]
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g WAL JFS nAHIF Yo,

1. ZAF X|H szt

O o

and Jeon 2003).

Ao FH EXs dRE sEAR 45 o,
ol ol YFEFY o
EEEof Sl ofzjet &
A& Algske, LA o
U 2] Adel| Aol S H Tk 53], Ad(Phragmites
australis), BEZA1|(Picris hieracioides), *§°)7}l|(Salvinia
natans), S (Trapa japonica), %05 (Ceratophyllum
demersum) 53} &2 41‘% ?3 QI stA Edg

VNEEDE 53 L 164709 A5A(EA, A
A, A% F)ol Hi]??} © 2 1o} ¢} © LK(Choi
et al, 2014c), & 1o =3 3} ] o3 2=Ai Al 29
o) LHE &S £32 247 Aot A th(Figure 13}
Table 1). &rof| Al AF3sHSA , _rall,}a}_ R )
FJFer 7*03*01 ofFo H5HH, ol= Qla] §A% ¢

oﬁ r
O>~

> io

[o FIF —
o " by m
>~ O::z

>~1l‘1:|:,
N o P

9 At §-3F H3lyl WASHA "Hoh(Jeong et al, 2007).
oleiT B EAE g 790 ool whet Aol AT
BE 718 7HA] g3kt ov(Choi et al, 2011), 1A &
B 7kzolls Aol W'k dFol A Fol7] wiEof A
= A HE adld dexgs Wsldl o2zl
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L X 1_7]{155, pH, B =

SAHE, Ao 4= A —*r%i’% &4 DO
meters 0|-&35}o] =439 2 H(YSI DO Meter; Model
58), pHO} A7) A== 217 pH &4 7] (Orion pH Meter;
Model 58)9} A 7| A =% =74 7|(Fisher Conductivity meter;

Model 152)% o[ 3te] 245 gtk Bt 2 &4
A2 100 miE A5T F, APAR Suste] FEE]
(Model 100B) ol §3te] Z4sith. 2 479 WA
Exu Bt e e 4R Ao|A] WA 1:25000 444
w9t FAH3te] AAo] BAF FEHE T AEA
AAE Wgstel HEAHE AEsorh

off e ML FH(EE, Tm x Tmm), ZH(FE, 4m
x 4mm)E o] &-a}o] ok 200~300me] A ] oAl 4087t 523
F AR ok 203 AE £3YE 9
o, +4A8] JrlHoz 48 GAAN T2 0§53
oh SAAR] ARGl B AP, BY AR A $AAE
Hoz YHst7lel ol 7Hth
= FAAA o7 A
FAss. A

Aol 10% 22T Golof] 1Asto] AT A oA
A & skt A E o] F+ Kim and Park
(2002) ¥ Nelson (1994)9] ERAAE ufet & —/F—Z‘—EE
sk 2 A A o FY F AU BE EAS
ol8i3}7] HSH, FAAE Q= Wastact A=Y
AHE o 24 FAAY FHEA 1 x 1(m) FF+E
o]-gato] ZAFSHGITE 2 FA A HEF A FA9IA
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o ERERLES 2 AAdA A% 1012 4

o2 68 mRe] YES] ofTHAIA 70 i B3
02 5%2 TASIAL. 1AEH EEZYIE A
Ao A & u| 7 (ZEISS, Model Axioskop 40)& ©]-8
g (0% AA5E et SEEFAE A4
2 Mizuno and Takahashi(1999)¢] &4 79 EL}!},\]'E]—
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G3LGT ol BAES SPSS (ver. 145 ol&sto] 245 A Z o yehyth §EA s A2 56/, W
ek F6Y), $4=129), INEE4N) 59 FAAA M
giet, olE FAEdAE FEHoE SR AL
0} al p At Fol W 5L 7HAL Uik dubH oz LxHoA
FAAE] g2 Ut d7] F9 ATt B ez {9
1. olatety 201 A +YME Y= He AL Adety] giel, & oz fHe $EAR
9 TEE AR £ ATk H&ol AolA Bt &
1) olststd 201 o ZHgoll Adsl W Fo At AREE A B 54
27|17 Eok, 7F Ao 2R E o|stetA golo gt oA W& Ath s AA 7] tk(Brinson et al.,
& Ao]algth(Table 2). 222 19.5~27.9C2 HYS W 1981). & Ao x| 470l S5t FA=
gon, AL(19W), T2 L(68), FokA(208) S < e e & FEE UERTEAA(TH), 5
LA N 7P = 29 gro] mAEQTh AMPor & ER(3W), FHRA8Y), THEQ2M) 7). A7|HEEE
€& who] 4 $A U542 Eoror], o] AL WA 4 1698423 5us/m ] M FIGow, o]z AUAL2 A
252 71 Zbo Ao 44 93wy mra R AN P kel A of 10-50us/enol v, mAel HAI
o7 ArdEt S 7ol A 1000us/em o] #h& Kol A& et
WA 2 HAEY A9 (PRR@d), Sxrasm), 3 W AHGoR A2 WY g el of= 24 5
o7 3o 29 zo] BAE et & AS°l HRE R BEA 05 TAHEH TR 54D,

bl

o)z <lal fUHE JFGR Ak ol YR %]

E5(249) 5), A
A

AL 21.6~128.7%9] Mo|Z A &7k WA7} b

Table 2. Environmental parameters measured at study sites from May to June. MDR, macrophytes dry weight; WT,
water temperature; DO, dissolved oxygen; Cond., conductivity. The unit of zooplankton density is ind. L ~'

Site Arga VOVT DO Cond. pH Turbidity MDR Dominant macrophyte species
(m) ©) (%) (us/em) (NTU) ()

1 22,574 22.8 76.1 227.7 7.4 32.4 514 Phragmites australis

2 109,852 23.5 86.5 169.8 7.4 27.5 342 Picris hieracioides

3 9,169 26.3 65.2 209.2 7.2 17.5 26.4 Phragmites australis

4 122,787 26.3 65.2 209.2 7.2 16.2 13.5 Trapa japonica

5 7,392 21.3 51.7 318.4 8.1 7.8 14.5 Picris hieracioides

6 3,889 24.1 111.5 423.5 7.4 235 35.6 Picris hieracioides

7 225,318 22.5 58.4 196.2 8.2 6.7 87.4 Trapa japonica

8 751,851 27.5 112.5 265.3 7.4 9.4 64.6 Ceratophyllum demersum, Salvinia natans
9 84,215 24.8 47.1 372.6 7.2 18.7 325 Trapa japonica

10 28,438 19.5 73.7 220 7.5 25.4 61.2 Salvinia natans

11 79,848 21.4 67.3 217.4 7.4 8.6 83.4 Salvinia natans

12 246,630 24.6 120.6 217.9 8.1 10.9 14.3 Picris hieracioides

13 2,695,060 22.4 57.8 2254 7.7 21.76 92.4 Ceratophyllum demersum, Salvinia natans
14 82,060 254 86.2 179 7.3 12.2 57.6 Salvinia natans

15 12,500 234 97.6 243.5 7.7 14.5 27.6 Picris hieracioides

16 136,947 24.4 84.8 3429 7.5 20 56.7 Salvinia natans

17 66,889 22.5 89.6 314.6 7.1 7.9 16.5 Trapa japonica

18 518,747 26.5 76.8 276.8 7.5 12.32 79.8 Trapa japonica

20 96,517 27.9 438 354.5 7.3 8.7 21.3 Salvinia natans

21 569,377 21.0 82.9 278.6 8.1 11.1 41.6 Trapa japonica

22 155,251 25.4 70.0 216.9 7.2 14.7 17.9 Phragmites australis

23 99,223 22.8 99.1 232.6 7.9 29.57 73.2 Ceratophyllum demersum, Salvinia natans
24 1,094,160 23.6 21.6 325.4 8.1 13.2 24.3 Picris hieracioides

25 7,660 26.7 128.7 243.4 8.4 17.5 458 Picris hieracioides

Average 301,098 24.0 81.0 261.7 7.6 16.2 447
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o] Ao & Atz HT}. ’\X]_J A7AEE ZHe ¥ &
e RUE Jordie £Ro S40 te Fe,
SN HRY AR B HIAEE e 27
T %= F23% 9 9lo|th(Niehoff ef al, 2002). pH=
7.1~-849 WO mA A AR FAHY Fe 7= AeR
ZALE T pHe dubA o= gaghat dishA A3E A
W 2AE SA0) A B e MBS W e o
2 A& ¢l th(Wetzel and Likens, 2000). Bt == 6.7~32.4
NTUS| W& Uehon], tite] SA504 9] BE 2
Aoz ot BEE 29 5o 2219 297}
< e A, A TFJLPF/MW% el A
FH S B G Gg WA BUY $ U5
(Jeong et al., 2001). 3} F:}E% EEYAE 54 22
A2 QA STt whet opd ‘210‘34, AZHolY o &
Ao\ Stephanodiscus hantzschii\y Microsystis aeruginosa?}
2H Ao =& gho] BatElti(Jeong et al, 2007). L,
EBAE 49 59 BN aclol A2l Py go
W, 4BEFLE B9 4dF0R dRE 84S 1 5

i rlo
I

>

l

Atk o) A, FREAET ofyet A& % A9
& Soll A FFF S 4 AAE, A E] S
SAY A A4S gA4E 5o ATAES 59
AEEHIEO] AT 4% 9lth(van Donk and van de
Bund, 2002). Z} &9 HA-L 3,889~2,695,060m* = 1l -$-
theFstalon, SEx=(134), 3tE=(239) 59 FA7F 7t
A2 WAS norh Teu R SAE 4 wdol
dod, FAAEY 2 FHEE 7HA= 2SR UgN
o}

2) $MAlE M

FAAEY AFF T3 SRl weba] Aol ZolE
Hol= Aoz gyt 7+ A4 SHEH 44 EY
ASFE 13.5~924g0 7 AR} Fstglen, oo 242
FRANEY AFF Aole 7 SAA st A E
o Fof o3 FF = Aow UENT MY UAF
Fol =& FA M= FEHORE FojutFolu Ao]7te
Y T Eol sk ol Ao, A, HE
FA g, AYolztel 5o AlE Fol $Hste FAMAE 4
Heom de Azl BATE 53l AT, A
GA(I1H), $EE(138) 59 £ 80g ol4re] 2414
g A%FFo] 4] AHom £& AuF| £4AE
of ola) $ATE A UEgTh SAAEe et 7
249l BHE $AARY AEFE AR FaT a9l
o goiol, PR Beake doT FaE pa
w A FA AeA G A7) g7l $8T 5

3l tH(Wolcox and Meeker, 1992).

Z2AF 713 B ol e F 8% 2050] A EHUL
789 A 7F A H QA eK(Table 3). 28 =& (A4 &>
% o] #(Cypinidae)o] &3k= o} 77t S-A|SHA EE5h= A
& 1T 4 =TS 523%), o= ol Aol gl
g ol F ol ofFfF E &Rl HdE H%
tofel A Exdle EANE YA 3tH(Kim and Park,
2002). 71 dtro] 7 A2 1(Centrarchidae)7} 41.8%, 1|3t
2] 7} (Cobitidae)7} 3.4%, EA}7] 2H(Bagridae)7} 1.3%, 7}&
2] Z(Channidae)7} 0.6%, 5 A}2]Z}(Odontobutidae) 0.4%,
E 93] 2] I (Synbranchidae)7} 0.3%, 7| ZK(Siluridae)7}
0.1%% YeRth A A4 A WollAl %@?8 =5

Z (Lepomis macrochirus)o| ™ ZA} 7|17t FoF & 240 7§14
7} QA E Q) a, F-of(Carassius auratus) =3+ 2 194 7|4
B EFE velr 2 AMASE Eodnh I bl 2Heof
(Pseudorasbora parva)®} W 2 (Micropterus salmoides) &
3 242E 7991 88 AHE 2AE GAolA HIMsH SHs

Aoz etk 1 B ofF AN AW &4
MASENOE % 88 A7 ZHG oL, o B
270)9lon O off £ A9 HUHA YT $2
=(13%9) E3F 86 HAZ W 429 o]77} AHEAeH,
AN e v 2 ER40] X617]= AT A
Ao 7 ket Fo] AT 10%).
7t AN A 2ALE o) 7o Fazof| gl o]3}st
?*@’%%4 AEF SAYE ARAe gl A
St A, o AAee S ES AFE 9
Qlth(df=1, F=32.00, P=0.001; Table 4) 1311/}
244, WIAEE, pH, BE 59 0
2 By 9L U]x] ] o]—o]—r/]_ ?jlt‘ll-@_i Al/\lh:].]

E

ofy

rlr rlr

2 PE M|
k)
O ox o

fr rlo 4> 2 o o

P
_I

r

ﬂ
Jﬁl
_1014 |
_lﬁ
fo o
re

|
o:

Eﬂig}orﬂoﬁwﬂ

PE}(Stansﬁeld et al.,
1997; Warfe and Barmuta, 2004) -’,\—/\2,4&%9/] o]l 3t 7|5
o Q8| ATE e FEE0] A4sld) A,
Lo YECFHS §25] Y3t Fe 2910]th(Geurts
et al., 2008). %6} ol F= AATolAl AAsHEA, 257
(bird)L} 2414 So] zAogHE 3ud 4 glorn
(Okun and Mehner 2005), EEEHIE 59 Ho|o] &
HotA Alw 7] ol Ada) 2ol -o]stth(Robertson
and Lenanton, 1984). A A &1} o] F 7ol ko] ofaf A
A A5 71E Ao e S E ofFo A
=2 AT 4 Ak Aot A qH(Diehl, 1988; Warfe
and Barmuta, 2004), 9Jo]3} o] 59] AL A UYoA =
gk ZASEE 7HE ¢ ook 2 Aol e ERE Yo
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Table 3. The list and individual number of fishes collected from each site. RA, relative abundance

Species/Sites 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 F(VA;)
Cyprinidae
Cyprinus carpio 1 1 4 1 14 3 1 2 1 3.5
Carassius auratus 6 5 1 6 4 6 2 47 11 1 31 7 3 2 5 3 3 26.6
Carassius cuvieri 4 3 3 1.3
Acheilognathus macropterus 1 1 9 1.4
Pseudorasbora parva 2 2 7 1 22 5 4 2 9 2 2 6 11 4 10.0
Squalidus gracilis majimae 1 1 31 3 1.1
Pseudogobio esocinus 6 4 4 2 1 2.1
Zacco platypus 10 12 2 3 34
Opsariichthys uncirostris amurensis 1 1 0.3
Erythroculter erythropterus 1 2 24 3 2 4.0
Hemiculter eigenmanni 1 1 2 0.5
Siluridae
Silurus asotus 1 0.1
Synbranchidae
Monopterus albus 1 1 0.3
Centrarchidae
Lepomis macrochirus 10 1 8 3 4 1 82 12 5 5 25 7 3 33 16 15 4 6 30.4
Micropterus salmoides 2 4 2 1 2 6 5 2 2 16 2 4 5 17 6 7 4 11.2
Odontobutidae
Odontobutis platycephala 1 1 1 0.4
Cobitidae
Misgurnus anguillicaudatus 3 2 3 1 1 5 2 2.2
Cobitis hankugensi 8 1 1 1.3
Bagridae
Pseudobagrus fulvidraco 2 1 1 3 3 1.3
Channidae
Channa argus 2 1 1 0.6
Total number of individuals 30 22 8 21 14 17 25 88 28 39 79 11 86 12 46 16 52 27 37 37 6 68 20 19
Total number of species 8§ 7 5 6 3 6 9 2 8 4 6 4 10 5 7 2 3 4 4 8 2 3 5 7
Diversity (H’) 18 1.6 14 1.5 15 10 1.6 1.9 03 1.7 09 1.1 1.2 2.0 1.5 1.8 1.2 0.7 0.8 1.1 1.7 0.6 0.5 1.4
Evenness (E) 1.7 1.0 1.3 14 0.8 0.7 1.3 0.2 09 0.6 09 04 1.8 1.4 04 1.0 04 05 09 14 0.6 0.2 1.0
o olre A FAAM 7HY +Hste AoR e FAOA HIHsHA Sdshs Ao Yetyith SF 40 o
o, 2AHE GA BifZo] 4] ¢ A Ae & EZE JolTt of {Fof HletA AW WolA Eed 2
Aeretd olof A2 A 7€ A vsedt AoR A AZdse Hole Zler diEo lew(Crowder and

5} Cooper, 1982; Paukert and Willis, 2002), £3] 52242

AR off E QoiT o} teoR Ao Aol BAY T2 dIME ¢ TuT o] FEL
=2 A4S Btk AALET oFE JLASIE gRE 714 4= tH(Werner and Hall, 1977, Mittelbach, 1981).
o ol & 257 U ulAch 2L SFom, YRS E E olRel W u, Aoz B AAT 4%

Table 4. Summary of stepwise multiple regression between fish abundance and environmental parameters in open water zones.
*: statistically significant

Dependent variables Independent variables t P
Fish abundance Area (m’) 1.927 0.068
Water temperature (C) -0.496 0.625
Dissolved oxygen (%) -0.033 -0.228
Conductivity (us/cm) 0.156 1.110
pH -0.152 -1.114
Turbidity (NTU) -0.020 -0.143
Macrophyte dry weight (g) 5.657 0.000*

Criterion for entry into the model was P=0.05
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