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Community Characteristics and Stability of Benthic
Macroinvertebrates in Wondong Wetland
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Abstract

This study analyzed the ecological changes in the community structure of benthic macroinvertebrates in the Wondong
Wetland, South Korea, to provide baseline data for its conservation and management. Between 2022 and 2023, four
classes, six orders, 20 families, 43 genera, 75 species, and 2,404 individuals were identified, with insects, particularly
Odonata, being predominant. Pollution-tolerant species, such as Cipangopaludina chinensis malleata and chironomids,
were dominant. Environmental disturbances caused fluctuations in species and individual numbers, with notable
increases in species from Diptera, Systellommatophora, and Isopoda in 2023. Although the species richness remained
stable, the diversity index decreased from 3.307 in 2022 to 3.223 in 2023. Site 1 had low diversity and evenness owing to
the dominance of pollution-tolerant species. Biological water quality assessments showed that the biological monitoring
working party and average score per taxon were more sensitive and suitable for monitoring of Wondong Wetland.
Functional feeding groups were mainly predators and gathering collectors, with changes in their proportions depending
on habitat and pollution level. Notably, Site 1 had more gathering collector species, whereas Site 2 was rich in predatory
species. The species composition of the habitual dwelling group was dominated by climbers, whereas the abundance
composition was dominated by sprawlers. Changes in habitual dwelling groups were minimal during the study period,
although the abundances of burrowers and skaters increased in 2023. The community loss index showed greater
instability in 2023, especially during summer, with increased community loss in autumn compared to that in 2011.
Relative resistance and resilience were higher at Site 1, indicating ecosystem stability, whereas Sites 2 and 3 exhibited
high resistance but low resilience. This study highlights the Wondong Wetland's high conservation value and calls for its
designation as a protected area with systematic management.
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£ FAISHA S3A8EA L AEA Atele] o)
H=(Tiner, 2017), A AA §2] ] °F 6.2~7.6%
£ AHA & tH(Lehner and Doll, 2004). 43} Fot
Gt =2 AR 23 olA 7P dFELe] F
B3l (Yang et al., 2001), %L X237 5E2] A
E& Jloll SAEY AAA, £24A35 43, 1
71%-0] 24 T A, AAA, FH ez 71x]7F H)
% =HLambert, 2003).

ZAL ARl AeHA = AAHE FAHA d5H &
Fe] HHiite] @& AR oA Eehs @39 et
0 FRFeIH, Ygite] Higor PAH HiTEAE
Z9% 1.9 km, WA 237,367 m?°ll °|2tKYangsan
-si, 2013). ¥5FA+= BE97] oMIAE 1=l
Fot= AAHZE(Viola raddeana)™ XE&7Wdv=E
(Prerygopleurum neurophyllum) 59 21& o=
HE97] oPIB=E 189 9 utra lutra)dt 8%
71 o= N39 $(Prionailurus bengalensis)
T BELN7] oI E] AAAR o] g EH o] K
L3 TS 919 AEIEEA7E A=A HEWUR
(Salix pieroti) w-=o] AA|ol= HWAo] YL, A=
(Salix triandra) 1=}, ZHN(Phragmites australis) 7
g 5 11579 78 AEF=H0] Slol(Son et al.,
2002) AJHA 7HA] Qlol|k 3]4Add) st 9 wSA
7FA7} & Fol}. o] X2 20124 ‘g 7 2G4
Gl ool BeElEAEA T dF G52 2 FE
SPxgo] AL F42 Y= A "=
AR FE7t AR =HA W |al7t QIE 2ol
(Yangsan-si, 2013). HiF<5%]9] FHAQ1 75l
Eotal, Y57 4] HA7 miE =] 57374, 5
AR, 34 T2 AJE|HA HA L] 90% o]4Fo] &
ARy wHE 7] wel, 20008 o]¢ A= W=
FA A8 2AME Foll FAEA 7|2A 99 +1
o] AP 2™(The Ministry of Environment,
2001), B4 7Hx]7} vl =2 Aol e E7ota B
S AAL ofZ] o]Fo)2)2] ¢l Qi

529 2 Zpdel Tt A= B o,
F9 AF=2E The Ministry of Environment(2001),
Yang et al.(2001), Nakdong River Basin Environmental
Office(2006), Yangsan-si (2012; 2013) 5°] Ei%
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Fig. 1. Maps of the survey sites of benthic macroinvertebrate in Wondong Wetland.

(Family biotic index, FBI)¢t &35t LU EH 2HY
TI=(Biological monitoring working party, BMWP),
T4 oo BE Baao] YA o] HHFAE UEhY=
EFE o H4(Average score per taxon,
ASPT)E Z71Hoa Adste] 95570 J2sha
AT At 2|45 Btk

712 Hol¥o] T 9 Aol whet :[L_Els}
= 4241715 (Functional feeding group)@t 7+ 14
A ol A-galf dobrhe WAl of whet Tk A
2154w (Habitual dwelling group)®] @& 245}
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Fig. 2. Species composition(a) and abundance composition(b) by higher taxa than order of benthic macroinvertebrates in
Wondong Wetland (2022~2023).
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Fig. 3. Changes of number of species(a) and abundance(b) by the order of benthic macroinvertebrate in Wondong Wetland
(2022~2023).
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214%GPI) (Yoon et al., 1992), St EAS
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Table 1. The dominant species and subdominant species of Wondong Wetland by survey site (2022~2023)

St. 1 St. 2 St. 3 Total
. Cipangopaludina Cipangopaludina Macrobrachium Cipangopaludina
Dominant . X K . . R .
species chinensis malleata chinensis malleata nipponense chinensis malleata
2022 P (27.15%) (13.78%) (15.43%) (15.57%)
Subdominant Physa acuta Cloeon dipterum Cloeon dipterum Cloeon dipterum
species (9.95%) (9.29%) (15.13%) (9.01%)
Dominant C?llllI)l ZTE?SP ;l;?eiztaa Cloeon dipterum Chironomidae sp. Chironomidae sp.
H 0, 0, 0,
species (27.18%) (15.04%) (20.81%) (14.32%)
2023 . udi
Subdominant Chironomidae sp. Chironomidae sp. Leiodytes nicobaricus chlii erlifsp ;;lﬂel;ltaa
H 0, 0, 0,
species (10.34%) (11.69%) (16.56%) (10.92%)
Dominant Ci'p angfnp aludina Cloeon dipterum Chironomidae sp. Ci.p angfnp aludina
ecios chinensis malleata (12.59% (13.49% chinensis malleata
Total P (27.17%) 7 R (12.90%)
Subdominant Physa acuta Chironomidae sp. Cloeon dipterum Chironomidae sp.
species 9.60) (9.85%) (11.26%) (9.90%)

Uyt HlEZERol e $HEC] 65(8.00%),
ZrE0] 3%(4.00%), 21717 2l=(Rhynchobdellida)
A z]1F o= (Archioligochaeta)©l 22 25(2.67%),
71 9} 12709] Foll A 154(1.33%) 1= AUk (Fig. 2).

7 WA 4= 2570) 1,3457041(55.95%) = ¢4
SR, e R BT} 61170A1(25.42%), 97
2957041(12.27%), 7 13970A1(5.78%) 2™ 1
Q9] Zell A= 1% mIRke] A& vehilth 54 7
A AfEolA 2 AAEEC] 341704
(14.18%)= sk, o5 2917141(12.10%), =
A 27870A1(11.56%), =ddE 223704
(9.28%), otF4ol= 21070A1(8.74%)2] =22 e}
won, HEFRAE 1HE(Architaenioglossa)
31070A1(12.27%), <88 27170A1(11.27%), Az
5 17278A1(7.15%), AAF 015 9470A(3.91%), 52+
E(sopoda) 9270A(3.83%), TZH-=(Amphipoda)
3178A1(1.29%), F=1A™ 2]E(Rhynchobdellida) 26
ZHAI(1.08%), 1 £] 87H9] FellA 1% oI5t Mf&=
e THFig. 3).

202297} 20239 9] 8 A Tt A4S vl
s9.om F4t= otE]Eo] 20230 Ak H]5] 3%
oflA 7E 0= 28 o)iF FIHAIRE, 1 Q9] BolM = F
Fol A B2 BI3HE Holx] gSIth(Fig. 3a). &8 7HA
= HgkEo] I e eE2 2023l 1367HA12
AAre] g77RA e vlsf <F 1.68] S7Fok3dtt. ol+= St

= [e]
S

3o A e HHHES N (Leiodytes nicobaricus)] 7h
Ag= 5712 FFol Aot A7 2023 557041 =
AALe] 11770A0f vlsf oF 2. 140 FAotial o=
2202340l 2477HA12 AA 2] 4470 of| vIE] 5.6HH
2 G55t 52422 20239 707hA12 Mo
2270A1 Hlsf 2F 3,28 7151 em -2 2023
Aol 19870412 A o] 737840l Blsf oF 274 S7F
stdnt. ore] =9 F4eo) jA|G=2] FhRE SUte T2k
I} HQEE A=) At F7HE 20239 AEHE 2
P HIZ7F AR e 23FA
2 gk 8 wata} I Ql= AR HAtHFig. 3b).
Ty JARE 5] A= 2 W3t glo] 150704 o4
W2 7 §A = o] AeEA= AR =S A1 A
A2 2 aejet 4= it

HBEEAL 3N ZALA oA A 2 A £
Fi} o} ¥ Fe] BxE ERISHAT. XA &

=

&AM dgFdTEE § A AT =3

rel o

ol(Cipangopaludina chinensis malleata)Z 310
WA, =+ 12.90%°1H oF-HES AnH
(Chironomidae sp.)2 238704, X+ 9.90%°]
o} 202299] $HFE =9Fol7t 159714, 4=
15.57%, oF-8E-2 AxsH+40)(Cloeon dipterum)
7} 92704, M= 9.01%=2 YEbLT) 202392 Z
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Table 2. Biotic indices of benthic macroinvertebrates in Wondong Wetland (2022~2023)

Index
Year Site > ;
H RI DI J
St. 1 2.842 6.251 0.371 0.781
St. 2 3.057 6.965 0.231 0.823
2022
St.3 3.003 6.701 0.306 0.814
Total 3.307 8.371 0.246 0.811
St. 1 2.702 6.935 0.400 0.714
St.2 3.093 7.619 0.267 0.803
2023
St.3 2.747 6.336 0.374 0.745
Total 3.223 8.711 0.252 0.775
Total - 3.367 9.506 0.228 0.780

St. 1: upstream, St. 2: midstream, St. 3: downstream, # ": diversity index, RI: richness index, DI: dominance index, .JJ': evenness index.

+ St. 1914 =)ot 2 0], St. 200A4+= Axst
FAole} AwptiF, St 304 E ZrRet AXsHE
Arol7} 27y @2 F T} o} F o2 eIt 2 A
oA T o AT LR RIE FTEL FEoE
L Fof et figo] =1, o] 2 T A
Aol A AASHAA, =271 TR S0l A Eol
=& EAE 7HAEl(Kwon, 2013), Y5574
gt =eEolv ZAuaF, AXstEHC], =9
(Radix auricularia) -2 EE°] AAlst7]ef A&
g 27 5445 Yeldoh(Table 1).

EA T 5 BEEZEOIZ(NIERD) =2 LHHIHE
W ZABAYEH Diplonychus esakil), F2OFA o
FAe([schnura senegalensis), B2 =N (Ecnomus
tenellus)?t SRJEQN, 7| FHASAHF o2 FEO}
Ao 7E Qllom, et 1-3-Fat BE9]7]
T2 ZRIE) 7] gt

3.2. M2|4(Biotic Indices)

AEA G ZF ZAA - el A= E A
FE(H), TRERD, FHEDD, #+5=(/)E TR
H AL 7|17HE B AJEX S o, ke
3.367, HE= 9.506, +HEE 0.228, H+ekve
0.7802= YetEth 919 A4+ 20229 3.307,
8.371, 0.246, 0.8112 YEeFI!, 202392 3.223,
8.711, 0.252, 0.775% Z}Yz} eyttt

Ao wE ZARRHE 245 efstd, 20224
OFrE ZAREER 2.842~3.0579 HLHoH,

St. 2014 71 =11 St. 1914 7 @kt FH
6.251~6.965°] M990 St. 20014 7H =11 St
of| A 7H Wttt M EE 0.231~0.3712] HLA,
™, St. 1914 7F =31 St. 20014 7F Wttt o5
£ 0.781~0.8239] WLl o, St. 2004 7 =11
St. 10014 71 Wkt 2022 St. 1914 ohF =, F5
T, et 7P W2 ol B4l slid A9
7 W R FH T47E A =9Polet YElE

ol 5 24 WAdo] gt FEoll A7 HEH A
o Eolct 2023 thtE 2.702~3.0932] ®$

o St 27} 7P &1 St 10] 7P Wkt FRE
= 6.336~7.6199] H{IHoH, St. 27} 7Y =11 St
30] 7F Wttt $HEE 0.267~0.4002] M9
™, St. 10] 7P &1 St. 27F 7P Wekth #e ke
0.714~0.803%] ©1¥oH St. 27F 7FF =11 St. 17}
74 Gkt o] A | St. 1914 TSt H5 Tt W
ol Ade] vl go] /A= F47F SIHY
Sl Botal, =9-o], dEolEgHol, At
5 2 Wol At YR FTEo] s =2 MAFE
FrABkAL 9lojAfo]7] wiRoelct, theFe = 2022 St. 3
o] o5l 2.1872 71 =3k o= FAl St. 39] 5=
Hol| Ago] FRsto] HAd HYFHFFE2] Hol
&5 B Ak, 2AAZA E2 FHH09)7] WiRolct
Ty ohFe st 71 =90 st. 30] 2023900 ThF
b AstEY FREE 7P Wobsed], ol
202399] HF A2 AT 55 TUIE 1 A4go]
Hrdsz] okoka v ooz RE 0 EAA

H1 lo — 17
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Ir xe



el

1000 t

ol%

ol

@5
A AMAY P FH 52 Aol Z2et ¢
7goll7] Wt o ABZHEtH(Table 2).

A mheg AR A48 st s
St. 19] 915 1.982% 7Hg W3t=d], ol St 19 2
H=2Y 7 9 FIgStz Qs o Wol At F

]
|

=T o

S st wizel o] migof thgrt HE A
o2 Pt FREE St 19] 7Rl 4.8452 71
=2 Zlo] Bolatgled], diAlz S5 =t ottt W
2 St. 1914 o] AlFell FFE7F =2 22 202249 7}
S 7490 dor gRHo| ARFAA B2 Fol 9
TEA Y7 St 12 FAEY] HEd Aol &
1=}

HIi= St 1 o350l 2.3542 71 worom st 19] A
EA4E Aol whet Aet S UERT k=
2022 St. 39] o}50] 0.2212 7 Yt 71go] H
2t FY ZARAH A 23518 0.5502.2 7H =94t
ol 2022 A& St. 39] =9 A4 0] g2 Tkt
T Aol Agder Ao YA -] FFo= <l
H| A& AAA7E s E QT 7R ZAAE a2
E8Y(Paraplea indistinguend2)?t F7AA$
(Macrobrachium nipponense)s Zggt dH £9
SHETF =2 Zlo] Yele g HltKTable 2).

0=
1]
Job
N
[12]
o
N

n

2

2

o

ZEcological

score of benthic macroinvertebrate community,
ESB)E FARA o] what 26~712] H9l2 Yeptom
T SES [~ F7HEIo ZA A7 % a1

SHA 20239 =0l St. 298] A7 7HE &4, 202249 o

Bl St. 1914 74 eteh BSB Ul A1 24
L 30] 571 Z71sha Aol B4 g5kt Aol
Slo] wuEo] Raslrt waElol, ESRe] Wl

742 215 &, WA A5 71 SET E-8oke A44
g FHF5= FHE(Total ecological score
of benthic macroinvertebrate community, TESB)
ot AMA HIRHFTE BRI (Average
ecological score of benthic macroinvertebrate
community, AESB)E F712 Alktetdtt. A4 of
PRAFTE TYHES(TESB) = ZAMAI-ol ot
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d5E2 I~= 3

18~592] M9|= Yepton, 4

ZFE| Qe ZAF Al7I9F ZARAES BE dEotd
20234 o5l St. 1914 A14+= 7P 211 2023 =
St. 17} 2022 & St. 20141 71 Wkt SRS
(TESB)E &4= Wi B YHHS(AESB) = XA
Aol whe} 2.000~2.4589] M2 Yehgon 4 5
F2 M~V EE V 5322 Uepdrh ZAFA7|9F 2
AMAAE B 35S o 2023'F oF St. 1914
7V =1120239 £ St. 172023 71| St. 3]
A 7V Eottt o] T ASE 2AR| G 9] =4 BTt
Hgot7]olle ARAHER WA A& 2 S5
H] 52512 A=) GFe v 7] wiEo] HE o)
BES Aoz HRltt 2 AA4(Group pollution
index, GP)x&= ZAMA| Aol whe} 1.796~2.4672] H 4
Fom 4 SFL M~IVE Yebdth 2AFA7|eF 2
AAEE 2% TEsHE 20234 Eofl St 1914 7
Eokom ol AR A9 a4dact 34, s
HE A4 FY7t Y2 S AR <

St QEF;o] flog o Aol e Aol
(Limnodrilus  hoffmeisteri), =24 Zoli

(Chironomidae sp.), 181 E=7(Gastropoda)®]
E£3 37 dRlo g AZET AR G2 A4 5
Hog el 3 A= HR{-go] =of nj¢
Fa% BRIl £ AR G(GPDY] Alste] 237t
7] 7] "ol dE5EAY £ BUEH =
Z3tshA] okl Azheit, ek A E 2|4 (Korean
saprobic index, KSDA= 0.987~4.4752] ¥ ¢ = Le}
gom £ SE2 I~VY He= Vet AL A
719 A& B 1 25HE 2023 & St. 30lA]
7V =9roH, 2023 & St. 20041 7P Wkt g
LB EAFKSDE L Aol At dEol=Ed
oL} F2M ZuA R 5o 2 Y7t mopdasE &
2 550 BolAle AibA o dsEAol 48t
= A7E Aek. o Aol A T2 ¢
= AR ofu et @ AL} AlstA] g

oM WA Fx QP AEAF(KSDY] 5 F
MES =9 AFEFL 2 g EPT+(Shin, 2008)<
HAEFA NN AxstFAolet BIT(Fenomus
tenellusys A &otil= EdsHA] 7] el -8
o= F7tEAe} Heto] Q3 Ao g AZHT 2 A
A=A 4*(Benthic macroinvertebrate index, BMI)
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Table 3. The evaluation of environmental quality of by benthic macroinvertebrates in Wondong Wetland (2022~2023)

Year 2022
Site St. 1 St. 2 St. 3
Season Spring Summer Autumn Spring Summer Autumn Spring Summer Autumn
ESB 32 26 60 40 40 49 44 49 42
WQ-ESB I Il I I I I I I I
TESB 28 40 41 18 34 31 46 31 36
WQ-TESB I I I 111 I I I I I
AESB 2.333 2.353 2.412 2.250 2.429 2.385 2.300 2.385 2.400
WQ-AESB il il it 11T I 11 I I I
GPI 2.225 2.216 1.907 2.125 1.950 1.891 2.125 1.804 2.108
WQ-GPI I Jill il I il I il I il
KSI 3.634 3.419 1.532 2.333 2.230 2.239 4122 3.043 3.638
WQ-KSI v Vv il It I It A v Vv
BMI 35.588 36.288 60.766 42.857 46.833 38.625 54.166 53.393 31.603
WQ-BMI D D B D C D C C D
FBI 2314 1.290 3.000 2.624 1.258 2.115 2.582 0.965 3.062
WQ-FBI Excellent  Excellent  Excellent  Excellent Excellent  Excellent  Excellent  Excellent  Excellent
BMWP 51 31 93 40 25 72 45 63 61
WQ-BMWP  Moderate Poor Good Poor Poor Good Moderate  Moderate  Moderate
ASPT 4.250 3.875 4.895 3.800 3.571 4.800 4.091 4.500 5.083
WQ-ASPT Moderate Severe Moderate Severe Severe Moderate  Moderate  Moderate ~ Doubtful
Pollution  Pollution  Pollution  Pollution  Pollution  Pollution  Pollution  Pollution Quality
Year 2023
Site St. 1 St. 2 St. 3
Season Spring Summer Autumn Spring Summer Autumn Spring Summer Autumn
ESB 32 55 62 71 58 32 64 54 36
WQ-ESB il Il I I I I I I Il
TESB 26 59 52 45 40 40 50 22 28
WQ-TESB I I I I I I I 11 I
AESB 2.000 2.458 2.261 2.250 2.105 2.222 2.381 2.200 2.000
WQ-AESB V-V 111 I 111 I I I il V-V
GPI 2.467 1.967 1.967 1.796 2.300 1.952 2.133 2.311 1.949
WQ-GPI v I I It I\ It I v 1
KSI 3.763 2.670 3.156 0.987 4.019 2.844 2.069 4.475 4.236
WQ-KSI \Y% v v I % v il \Y% \Y%
BMI 33.696 53.161 63.211 64.135 43.594 45.423 41.458 48.080 44.844
WQ-BMI D C B B D C D C D
FBI 2.095 2.480 2.286 2.517 1.158 2.337 1.890 2.773 1.323
WQ-FBI Excellent  Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent
BMWP 34 67 88 64 77 53 68 56 39
WQ-BMWP Poor Moderate Good Moderate Good Moderate  Moderate ~ Moderate Poor
ASPT 3.400 3.941 4.889 4.267 4.278 4.818 3.778 3.733 3.900
WO-ASPT Severe Severe Moderate Moder.ate Moderate Moder.ate Seve?e Severe Seve?e
Pollution  Pollution  Pollution  Pollution  Pollution  Pollution  Pollution  Pollution  Pollution

ESB: eological score of benthic macroinvertebrate community, GPI: group pollution index, KSI: Korean saprobic index, BMI: benthic
macroinvertebrate index, FBI: family biotic index, BMWP: biological monitoring working party, WQ: water quality, ASPT: average score

per taxon.
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A5 %B DE H7HE| it S 42X 4(BMI)

& St. 2014 7F =41 20229 71 St. 3]l
AV s, o) A S Aol AT B

o o] E0.802 HEo] Wrki Wekwn, of
A58 AEEA) 2got7] JaAE G4 F7hEA

9 Alstrle] Beto] g siotal Az, IbEAEA]
“*(Family biotic index, FBD)E ZAXHEHE=R
0.965~3.0629] HLYew £d FFHF2 EEF
‘Bxcellent’ 2 WETH AXZE2 20228 o1& St. 3
oA 71 =Sk et St. 30X = 7P Edth Ae5A
oA glE FTF HEYEAS(FBDY E5ol gty
=352 ‘EIZ] Fom 53] A AR OA] uf ZAF A
2RI=E i EolelEE ¥ ol (Planorbidae)
7]’ HEof Z3E|] ofol 4 Aol & & nX
Tate] o] H219] 4 27 RUE el Agst
] ‘{%}‘ﬂri Azreitt, ABEthd RUEPEAYIE
(Biological monitoring working party, BMWP)+<
25~939] Hejgom 44 552 Poor~Good 2| H
A2 vepth iz e AR Az
20229 St. 19] 7F27} 20239 St. 19] 7H2olls =2
2 Uetiglen, AejAle] wto] UE 20234
St. 14, St. 28t St. 3 7ol W2 3h& el o
245l Hls] TPoA AL == FE9 HEo] B
o HEEE I ER AESH RYUEHYHAYIF
(BMWP)Z d5529 BUEPol HFet A54= A
Zrdot, BERdE HddS(Average score per
taxon, ASPT)= 3.400~5.083°] W& LEf e

44 552 ‘Probable sever pollution~Doubtful

quality’ @] M9]2 Uepdt} o] 24t AEsha ny
B2 I EBMWP) S a2 Hfamily)] 42 Uhe
Ao =, BMWPe A 9] H|3t B ks HolFm S5
o] & A #7] wiZoll BMWPET 4 7t
= o APt Zom Hely,

webA, of e 7hx] BEetA a4 e a1
StAS w F7F A= 2ARA T Al vt =4
UrER A, 557419 E‘/] o= e 2y
HYg AA1FBMWP) Y R Fat H4(ASPT)
o] % 71] o] O AT AL2 HAIKTable 3
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N
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3.4. 71520 RBEA
24} 7Rl E@T HA) 5T 67 ROR T
O

@ R e AR dehkor| dojue 2o

r%o
i

oldx

A - A

oL

(Shredder, SH), #°1®+= F2|(Scraper, SC), 2&9
= R (Filtering-collector, FC), FHHE= T
(Gathering-collector, GC), B H= F&|(Plant-
piercer, PP), &otH= R (Predator, PR)7t &31 5
/J\q-

AEEA A ZAAH A ] F A2 ot =
FE(PR)7F47.73% = ot o o] =g =, o
A=, S Ho| *‘—O]'t TE0] ol Zdsta7]
wEolth, thae 2 FHE F2(GC) 30.68%, =
H= F2(SC) 6.82%, 7431 HE= F2(FC) 5.68%, ”‘401

= FE(SH)S 29 F2(PP)7F 2ol 4.55%=

} ZsFoiTt. o] 52 Fob= Fefof vl 22t AH|=}

of sfFstH, Thet HAl7lswto] AAlzoA RlE]
()1 0_]5/\;(] _/l\_/\HEHZ“_,] /\ﬂ ;’-110] 0]’14;(—1 o7 7]1—
skl Slthe S & 4= Ah(Fig. 4a). 471572 A
A5 42 FHHE F(GO)7F44.20% = 35k
o, ol B[t A= /A7 Eot7] whizol
o} theo 2 Fobd = £ (PR) 36.67%, w0l He 7
2(SC) 12.11%, HolH+= F2|(SH) 3.70%, B9
FE(PP) 2.85%, A&H+= F2(FC) 0.47%°] <= Oi
Uehgon o] 5o dEaAe Fotde FEet +
A= F27t 1 Ho| BAE Fhst= AHARE &
= AoHFig 40).

AR AE d AL AR AT eHe] ReE &
I H]&2 St. 1914 & 5l Atolof] A=t H3t= gl
ot 23y St 29014+= 202390 AEE] YEREA]
Ad AefH= FE(FO)%t HolH= F2(SH)7F <
1= et St. 30l4= 2023 ol F=H 9= F2(GO)9
T4 v)&o] Mdof H|g] 8.44% 75t ot =
F2(PR)= 11.88% AA5FATHFig. 4b). HA7]6+
o] fA4 HlEoll= BB FRFeH, St 194=
20239 99 E F2(GO)7F ddke Hlgl 15.13%
Z F7keteleh. ol @Al &st= Ex]Fol
(Chaetogaster limnaei)St AAFo], ota]&Ho] &o}
= ZAuE, AR bR = o]e) YE9]
9ol 5 2A% AN T2 Uehte $52
AAG7 F7FsEa 7] wl2elth. B Fopd= Fe
(PR 9.04% H45tit. St. 2614+ 2023 9] Ffot

9= F2(PR)7F AA kol sl 11.86% 57 Fotsl om,
O]t =42 HAsellidae)oll &5H= T ZA 222t
(Diplonychus esakii) 5 =2AF &3l FES

Hl-go| F7519l7] wiZolth, ¥, FolH+= F2(SC)
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Fig. 4. Compositions of species and abundance by survey site and year on functional feeding group in Wondong Wetland
(2022~2023). Species composition of functional feeding groups(a), species composition by survey site and year(b),
abundance composition of functional feeding groups(c), and abundance composition by survey site and year(d) are
shown. PR: predators, GC: gathering collectors, FC: filtering collectors, SH: shredders, SC: scrapers, PP: plant piercer.

£ 8.47% FASHATE ESh St 32 20224 &t
20234 AEel F99= 72 AT Bokom,
ol 2022 ol pAlo] ¥ 27 B2 o
=2 AAste dAxstHEdolt 45157 e,
20234 A2 AHTd A2 227 wed
Eo] thE Rl Hls) Z2uttF 9 Eolagdo]
O] WA 57t F7Fet Aol elelth(Fig. 4d).

AL 7| 7bol| 2T A AFAEAEL 7 o R 2 1t
= F2(Burrower, BU), 7= F2(Sprawler, SP),
Zlole 2= BE(Climber, CB), & F&|(Clinger,
CL), &4ot= FE(Diver, DI), A&+ F2](Skater,
SK), 1821 s|E A= F2(Swimmer, SW)7t <15
At} BEEA HA| AR A 9] MAEAATES] F
T 71010 2= FE(CB)7} 26.89%= - otHL
H, ol A EY LA E, B Ee &5t
ZEO ggol 2 A0 R Hlrh T} o & FPA =
Z(SW) 20.17%, 7= F&(SP) 19.33%, B+ F

(CD) 15.97% =sh= F2(DD) 7.56%, =3H= F
(BU) 6.72%, A1A= F2](SK) 3.36%2] <02 LFebt
t}. o] ERF AR} Anjztolw, A7) 57Tt Zo] A
AGATNAM T Pe5A o] SAYEHA Holge] 27t
FgAoleh= Ae & 4+ Ytk(Fig. 5a). AA548w9
AAs FA4L 7= F2(SP)7F 30.69%2 - AstH.C
o, ol AE5Al Ed% EE5F0 A4, oEE
5o o] E Aoz Heltt, th3o 2 B F&|(CL)
23.18%, 71012 2+ F2|(CB) 16.44%, slH 2=+
(SW) 15.69%, =T= F2(BU) 9.29%, H<4-ot= F
(DI) 3.10%, AAE F2(SK) 1.61%2] =02 Lrepyt
t}. o] Foll YEHAE 2 L HRlolA] 2 4
stal, B9 S70] A9 gl X A5 TEO| ¥
2 A& & 5 A Fig. 50).

ZAAEE 9 AL A AAFATe] ReE F
H]&-2 2023 0] MAL] H|s] HA| Aoz g
Ay S7H UERA] ot SR FE(SW)7H
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Fig. 5. Compositions of species and abundance by survey site and year on habitual dwelling group in Wondong Wetland
(2022~2023). Species composition of habitual dwelling group(a), species composition by survey site and year(b),
abundance composition of habitual dwelling groups(c), and abundance composition by survey site and year(d) are
shown. BU: burrowers, SP: sprawlers, CB: climbers, CL: clingers, DI: divers, SK: skaters, SW: swimmers.

ZAA O whet 3.59~4.51% S71RF AE A ck(Fig.
5b). AAl5AdTe] el JHAlS HlE-2 St 1914 &
3 % 71E F2(SP)et & FE(CL)7F oHE A
e vlal] 2 o §ha), sl Fal(Sw)2t 7ol e
£ FE(CB)2 Hlgo] iy oz Ukt Eute &

(BU)E= 20239 Eoll S7Fstsl.om, o= GA §7184
o] felo qls| 2o Aol &8 =l Eat B}
o &oh= FE2] MAG7E S7FE7] whEolot. St 3
o A= th2 F A Hof| vlgl] 2]+ F2|(SK)<] ZHA
H]-&o] o} 202301 9.17%= #4519 tKFig. 5d).

351 24 24714

AAZ] W EH L ATte] T BE AEE A &
A24(Community loss index, CL)Z 2Fls4ct.

WE AEE T 7 o wstgon, |

%@9‘] 1O O
2 202287 20239 ZH7Fe] AR E AEER
HlwstR T, 201199 APFAKYangsan-si, 2012)
F ZAAA T 2AF A o] AR5k St 29 AARE 2
ZAF Avket Hlwgho 24 109 | A9 2ol H]5]
AR ] 3 HEo] o] HE1A] & 4= A3k 2023
deo] o] theh 3 £42]5= 1.13309014] 2.000
o] M9 o St. 394 2023 oFoll 3 AR5
7} 7V T2 8 St 1 A8l 7P Wokth Az
Ateb ZARA A 9 A o] 22 St 200 sl 20119<]
bz et vl o, 20229 72l 1.273, 20239 7t
2ol 1.4672 e 20229 E Tt 2023 o)l - 44
A=t o ARt Ao Uerstth o] ofA] 1St HE
of Zro] 20234 o Foll A7l Yef-5d AP =2
AMA2)7F wtE Zlo] hlo =z HltkTable 4).
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Table 4. Change of benthic macroinvertebrate species in Wondong Wetland using CLI
Season Site Speciesz(r;;;nber in Speciesz(r)l%nber in Cogir;lrk;esz)giies ClI
St. 1 14 16 7 1.438
Spring St. 2 12 25 8 1.160
St. 3 27 27 16 1.407
St. 1 17 30 13 1.133
Summer St. 2 17 28 1.286
St. 3 22 15 2.000
St. 1 20 29 13 1.241
Autumn St. 2 22 25 11 1.440
St. 3 18 18 7 1.611
Season Site Species number Species number cogg(r)lr?z)ziies CLI
2011 2022 2023 2022 2023 2022 2023
Autumn St. 2 10 22 15 4 3 1.273 1.467
3.5.2. HTHA A5t nt 5122 Alell Y12s5h= 7ol 5% ZQ1= It
St 18 £ Aol e 2l A geto]

A A3 (Relative resistance)t A4 3=
Eﬂ(Relative resilience) &AES AA715 9] &
ol whef AHE O Lol BA|SH: HHAlolH ¢l =
7] Z9 ASE ou|git}, A A Agtely) e
2 T/%]];Hﬁ] %411_4 0]—}(4/\:{ (o) ],]—E}—LH P OTL— %_9_
gt 8 4-0|th(Ro, 2002).
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A BEFol 17F, BT 13 Vo] FA
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AT 19 E4F 1 v A 9t ER7d=
o] F£2 EZst= Ao gRRIESeH, 20229 =
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Fig. 6. Evaluation of community stability by relative resistance and relative resilience of benthic invertebrates of Wondong
Wetland. St. 1in 2022(a), St. 1 in 2023(b), St. 2 in 2022(c), St. 2 in 2023(d), St. 3 in 2022(e), St. 3 in 2023(f) are shown.
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