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Abstract Twenty-nine wetlands (20 river type and 9 lake type wetlands) in Gyeongsangnam-do were
investigated to understand the characteristics of fish assemblages by the wetland type and to suggest
management strategies. As a result, 10.3 £4.8 species were collected from river type wetlands on average
(£SD) and 9.1 +4.1 species from lake type wetlands. Thus, there was no significant difference in the
number of species between them (Mann-Whitney U test, P>0.05). However, the species that constitute the
fish assemblage showed statistically significant differences between the two wetland types (PERMANOVA,
Pseudo-F=2.9555, P=0.007). Furthermore, the species that contribute the most to each type of fish
assemblage were Zacco koreanus (river type, 28.51%) and Lepomis macrochirus (lake type, 23.21%),
respectively (SIMPER). The results of the NMDS analysis using the fish assemblage by place classified the
species into three groups (river type, lake type, and others). The current wetland management is only focused
on endangered species, but this study shows a difference in fish assemblage by wetland type. Therefore, a
management system based information on endemic species, exotic species and major contribution species
should be provided. Furthermore, the classification of some types of wetlands based on the present topography
was found to be ambiguous, and wetland classification using living creatures can be used as a complementary
method. This study has limitations because only two types of wetlands were analyzed. Therefore, a detailed
management method that can represent every type of wetland should be prepared through the research of all
types of wetlands in the future.
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FA= F, 7 Ev 997 98 B gAFL
2 1 EHS 92 Y= AYeE A AAY §3 A
F 6~T% S A= Ao R HilEo] 9lth(Lehner and
Doll, 2004). o] H3t FA = T2 d, Holga, BaAE,
A3, A, A7), 23 B3 5 AR dAWrEo s
+ e 7leS MR Qo] S840l =2 A FoH
(Lambert, 2003), $A] §4& Ad W5 SR A Ato
of dx9] Ho] A& (Cowardin et al., 1979), £ ThFA
o| &2 A A 0|t} (Mitsch and Gosselink, 2000).

YUY $A = FFEE 9F 2,5007049] FA7F &
Lt Ao HuEoew, I WHL o 734km’E F
AHH(FHEAAE, www.wetland.go kr). 52| &&7
o #YE A RRAAE Tl FAY B FEsh
FUH A BA “HANESAFIERAAE S8 £+
7} o] FolFth ¥ & EFAA= A Aol 27 7%
AT FEAFH 45 w5kl Q7] el =W A

= 9T = e EFAA =0l Wi 2age] diF
Aot ol weh A FNN “ITISAFBEFAAE

8 TH(MOE, 2010). “H7H5 A3 27 A4 = A
of et dEF G 73), TEF (O 73), 2EF (3570
+3)2 FEET(MOENIER, 2014). &F< 5
A A P wet ANEA, ESAL IFTSAZ &
o, 0] T @A Addor FHH SA= 5
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AR A A 24 A2 F sl o] 7 (Moyle and
Cech, 2000)8] ExZ+= theFst 37 Beet A4 9 EA
of 9 FeFS W=t} (Matthews et al., 1992; Buisson et
al., 2007). = 549 F3 gt 82 AP, 4 -
4 59 AolE 8 HEh| 2ol SR f3 ol =
2t o FZR Y Zpo|7t AT wetA 2 At Y

A 49 F B H&L AA ok AR 549 44

3ttt o] & E3 AAJQ BRI FE FAHOE o|F
Ao HAE Tetsial 54

oAF A BTG BAYE NPT, GRE, AR
2, YU, AR, ARA, DT, AR, HEE A

of gEE 29719 &
Appendix 1). o] &3
wet Ei= Ao whep TRl Aol & Kol7] wZo] B
o} et BAE A fAF A FHS) 2 A
92 A7l 2= AHE ARstgen, AL
2 AR $29 FEE 11,582 m*o|A] 1,694330m°C.2
oheFsith. 2AMY 5419 #3 T2 AR (FESA
AE) 7 “H 7S AR BEFAA 0 et 23 522 2
AKX A A" (http://gis.wetland.go kr/wetland/)&] HEE &
Lttt ZE $A+= dEF o8 WESA(SA E=
Aol Sl T, 4, % B ot 59 A 23EH, o]
= A FEFl g8l sHF (river type, 207040) 1} T4
3 (lake type, 97122)9] 270 FF o= FEE T (Appendix
1. 3HH % A= shd #ga 34, §A2H80] 9o s
FAE FAZA st} s, HEY A9 Yusi, &
3 FA= 978 2 AFFoE HAeEo] HHH
A eSS 2u]gth(MOE, 2010).
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Fig. 1. Map of the study sites. A total of 29 wetlands that were classified into two types, river type and lake type, were investigated. Gray

and black circles represent river and lake types, respectively.

stow, AF B “HAaUlFEFA ZARY” (MOE/
NIER, 2011)& w}gteh, FH o] 2 Kim and Park (2002)
& o] g3to] 45921, Nelson (2006)2] EFAAE
w2t g2 shgict

I 247 FAY offFE EAS vust] ¢
A F 871 2 (XA HA - T+ L AAS, 2
& T 2 15T MAS, 4AF T E HS A
44 22 YWAE ZE)of gt v} o] Foj Tt
£ 2419 grol HFREE o|RA Yot wEs Al
Mann-Whitney U testg ©]-§3t 54 & 7 oA{7<A
EA4 9] zfo]E EA43FTH(SPSS Inc., Chicago, IL, USA).

FA 3o 2 olFEHY FolE FIstr] sl
PERMANOVA (permutational multivariate analysis of vari-
ance) £4-& A A|51%.2 ™, SIMPER (similarity percentage)
A A 54 FRE R FA= 7os)
FoFS oottt B3 HA A FA9 24 F
4 7jF 5ol dis) NMDS (nonmetric multidimensional
scaling) 41 AAIste] SR 3 FAHEE 2153
o} NMDS £4-2 similarity matrixe] X85 7+ & o &
AZE Ued 4= 9= two-dimensional ordinations ©]-&
3} th (Field et al., 1982). Similarity matrix= 5 A8 A
AE 7WAH4E square-root-transforming 3} Z} pairwise
assemblage®l] @3t Bray-Curtis similarity index& AH43}
%t} Ordination?] robustness= stress value®] &J3] FEA]
o, Felol ek <02 (HF), <0.05 (%)= sHAH

4 1lr o

t}(Clarke and Warwick, 1994). PERMANOVA, SIMPER,
NMDS+= X5 Primer 6 (Primer-E Ltd. Plymouth, UK)&
0|83t B4 E it

2 I

ZA7} o] 017 2970 9] HFAA F 16T 5759 ofF
7 AAlsts Aoz SIE Ut (Appendix 2). I &3
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A E UeRth AA AR A Y S-FLS et
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Table 1. Characteristics of fish assemblage by wetland types. The difference between river and lake types wetland fish assemblage was ana-
lyzed by Mann-Whitney U test. SD indicated standard deviation.

River type Lake type Mann-Whitney U test
Major factors
Mean +SD Mean +SD P-value
Total No. of species 103 4.8 9.1 4.1 P>0.05
N No. of individuals 266.5 127.7 149.1 924 P=0.030
Endemic No. of species 42 3.0 1.9 20 P=0.049
emt No. of individuals 134.1 112.8 16.1 28.5 P=0.007
Exofic No. of species 0.5 09 09 0.9 P>0.05
o No. of individuals 17.4 36.2 533 66.2 P>0.05
Carnivore species % 18.5 109 14.5 10.1 P>0.05
Trophic euild Omnivore species % 254 17.5 479 223 P=0.018
phic e Insectivore species % 51.7 147 345 205 P=0.040
Herbivore species % 45 12.0 3.1 74 P>0.05
Tolerant species % 325 24.6 573 28.0 P=0.042
Tolerance guild Intermediate species % 41.7 12.5 28.2 22.8 P>0.05
Sensitive species % 258 19.1 14.5 11.0 P>0.05

Table 2. Similarity of fish assemblage by each types as determined using SIMPER. “Species contribution” shows the contribution of each
species to fish assemblages of each wetland types. Only species with contribution (%) > 5% are given.

Grou Average Species Average Average Ratio similarity/ Species Cumulative
oup similarity pecies abundance  similarity  standard deviation  contribution (%) contribution (%)

Zacco koreanus 6.46 691 0.78 28.51 2851
Pungtungia herzi 3.85 3.24 0.67 13.35 41.86

River 2423%  Zacco platypus 3.08 2.26 048 9.34 51.20
Odontobutis platycephala 1.67 2.07 0.80 8.53 59.73
Rhinogobius brunneus 1.87 1.57 0.65 6.49 66.22
Lepomis macrochirus 4.60 4.85 0.47 23.21 23.21
Carassius auratus 2.33 4.62 0.94 22.14 45.34

Lake 20.88%  Misgurnus anguillicaudatus 1.65 2.85 0.74 13.64 58.98
Hemibarbus labeo 1.61 1.65 042 791 66.90
Pseudorasbora parva 1.32 1.18 0.29 5.64 72.54

(P>005). 44 2=5 vjudt 23 sty sA4 & T 2 T A ¢ FEAY (9%, 28.51%),

59 Bl WEP=0000], 35T SN FAY F 349 B ERUCIIE 0200 F 34 ol

o] Hl&(P=0018)°] &7 yepgon, 44 F 9 24 HY {fAM 7HE 2 719 E she Aem SElET

A FY A FA 5l "t FAFSE FY5 2] (Table 2).

£ Holx PAT(P>005). YAE ZES wme 27 24} o] RojW 297 wA o] o REE 0|83

558 &AM SHHE &A9t vaste] YAFS & NMDS BAS AN 23} 20%9 ARG he] 18

(P=0042)0] 7] Uehgon], 705 9 UgEY ug
& 57 §30] U} BAHCE folat Hol2 wolA g
k(P >0.05).
(97 #99 BW F8E A vekent. 3
& FATE RTA Aok EHA et
(PERMANOVA Pseudo-F=2.9555, P=0.()07) o] 3t 2}
ool 7)ot £& BHI5H7] $13) SIMPER 2412 44|

oz TREUG(Fig. 2. WA 1§ APoR T8
So], Q¥ 549 G2 (FARAEA,NS; R AF
547, IBRyE EFHUT. FHA 189 A5 549 &
A2 FEEn, A% AP &4 (LU SHIEA, WRR:
7}8ks, GHN; $HAs, WSN; 7138 =44, GIR)7F &
FE Tk AW 18 A F 309 54 ADIEA,
SWI; 3% 'GHL?‘S%X],GUR; Fizg] 7HH 554, NPR)
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Fig. 2. Non-metric multidimensional scaling of samples based on Bray-Curtis similarities. Black and grey triangles indicate river and lake
types, respectively. The sites are classified by three groups based on cluster analysis at a similarity level of 20 and 40.
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43, S A%
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Appendix 1. Information of fish sampling sites. Table showed type (river or lake), abbreviation, GPS information, and area of each wet-

lands.

Type Wetland (abbreviation) GPS Area (mz)
Gajinri hadoseupji (GJR) N35°12'37.26" E128° 13" 17.60” 114,035
Geomuri haguyeomseupji (GUR) N35°04' 54.59" E128° 01' 57.54" 92,360
Gopumri boseupji (GPR) N35°32'33.51” E128° 06'33.51" 817,611
Geumri hadoseupji (GR) N35°25'21.77" E128° 07" 40.30" 60,322
Maechonri boseupji (MCR) N35°40'41.34" E128° 13'39.45" 313431
Seonggokri Hadoseupji (SGR) N35°06'36.01" E128° 13'53.32" 61,242
Soori boseupji (SOR) N35° 24" 40.02" E128° 06’ 19.00” 48,608
Wonnaeri hacheonseupji (WNR) N35°09'29.96” E127° 57" 43.79" 162,606
Yulhyeonji hadoseupji (YHJ) N35°25'33.89" E127° 57" 48.41" 16,857

River Wansaneup (WSN) N35° 06" 48.34" E127° 59" 36.51" 1,694,330
Pyeongchonri hadoseupji (PCR) N35°29'21.34" E127° 50" 10.03" 144,339
Hageumri Ingonghoseupji (HGR) N35°32"11.21" E127° 59" 57.31" 85,290
Gahwaneup (GHN) N35° 12" 17.00” E128° 00 43.00" 109,327
Namgangcheon2gyoseupji (NGC2G) N35°30"35.00” E127° 48' 41.00" 346,682
Naedonggyoseupji (NDG) N35°39"43.00” E127° 47" 32.00" 21,879
Daesanseupji (DS) N35° 38" 50.00” E127° 57" 05.00” 317,671
Beomhakneup (BHN) N35°21"39.00" E127°55'01.00" 178,992
Songgyeseupji (SG) N35°21'16.00” E128° 05’ 25.00” 80,353
Sinwollseupji (SW1) N35°01'48.00” E127° 47' 02.00" 156,677
Imbukseupji (IB) N35°35'03.00” E128° 11' 51.00" 786,694
Namseongjeosujiseupji (NS) N35° 16 50.00” E128° 03 18.20" 13,779
Nangpori gancheokoseupji (NPR) N35°00' 54.52" E127° 55" 14.93" 131,610
Sinwolri guhadoseupji (SWR) N35°02'12.93" E127° 47" 21.58" 11,582
Omineup (OMN) N35°15'32.51" E127°59'07.01" 485,407

Lake Imbulri ingonghoseupji (IBR) N35°38'00.89"” E127° 58' 55.98" 138,174
Jangjaemot Ugakoseupji (JJIM) N35°13'29.37" E128° 06' 01.92" 60,263
Jeongyangji (JYJ) N35° 32" 57.55" E128° 09’ 58.18” 424,387
Jubongjeosuji (JB) N35°07'29.00" E128° 13'20.00” 110,017
Naechonneup (NCN) N35° 10" 12.00” E127° 59" 19.00" 1,299,690
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