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Spatial Distribution of Benthic Macroinvertebrate Assemblages in Wetlands of Jeju Island, Korea. Yung
Chul Jun (0000-0003-3888-2275), Seung Phil Cheon' (0000-0002-4351-607X), Mi Suk Kang' (0009-0005-2132-3399), Jae
Heung Park (0009-0005-6318-2571), Chang Su Lee? (0000-0003-0327-0463) and Soon Jik Kwon** (0009-0005-2756-7423)
(Institute for Ecological Resource, Seoul 02783, Republic of Korea; 'SOKN Institute of Ecology and Conservation,
Yangpyeong 12563, Republic of Korea; *Wetlands Research Team, National Institute of Ecology, Changnyeong 50303,
Republic of Korea; *Corporation Aeil, Bucheon, 14676, Republic of Korea)

Abstract  Most wetlands worldwide have suffered from extensive human exploitation. Unfortunately they
have been less explored compared to river and lake ecosystems despite their ecological importance and economic
values. This is the same case in Korea. This study was aimed to estimate the assemblage attributes and distribution
characteristics of benthic macroinvertebrates for fifty wetlands distributed throughout subtropical Jeju Island
in 2021. A total of 133 taxa were identified during survey periods belonging to 53 families, 19 orders, 5 classes
and 3 phyla. Taxa richness ranged from 4 to 31 taxa per wetland with an average of 17.5 taxa. Taxa richness and
abundance of predatory insect groups such as Odonata, Hemiptera and Coleoptera respectively accounted for
67.7% and 68.2% of the total. Among them Coleoptera were the most diverse and abundant. Taxa richness and
abundance did not significantly differ from each wetland type classified in accordance with the National Wetland
Classification System. There were three endangered species (Clithon retropictum, Lethocerus deyrolli and
Cybister (Cybister) chinensis) and several restrictively distributed species only in Jeju Island. Cluster analysis
based on the similarity in the benthic macroinvertebrate composition largely classified 50 wetlands into two
major clusters: small wetlands located in lowland areas and medium-sized wetlands in middle mountainous
regions. All cluster groups displayed significant differences in wetland area, long axis, percentage of fine
particles and macrophyte composition ratio. Indicator Species Analysis selected 19 important indicators with the
highest indicator value of Ceriagrion melanurum at 63%, followed by Noterus japonicus (59%) and Polypylis
hemisphaerula (58%). Our results are expected to provide fundamental information on the biodiversity and
habitat environments for benthic macroinvertebrates in wetland ecosystems, consequently helping to establish
conservation and restoration plans for small wetlands relatively vulnerable to human disturbance.

Key words: benthic macroinvertebrates, distribution, wetlands, Jeju Island, cluster analysis
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514, st 59 AF9S xF3iTt o]et T2 FA 9 HE
ZA| A 7]Z&0] E= FALE 3 oF(Ramsar Convention) Article
L1oJA ¥3l oot 37 th=2X] gk $A= S/ HA

A A ] Mol AHEA 7|EAH o2 o A%a d A
3H2Hg, Aste9l 241 (A, 7] SHSto] gt 4FA-E-
59 s go=n A Faido] Eoh(Mereta ef al.,
2012). B3, SA= BSE HAEY dFEDS ot
ibdo] 1 ot e &5 AXAHE Algste A
el Alo]c}(Rolon and Maltchik, 2006; Reis et al., 2017). 3]
A= s4EE 2 AT 8 T SR AR Al
T4 9l Az, AEA - Ay 21 5 ol A7 Eo B
2 Ao g QI7to] Hfske] o83l fth(Kingsford er
al., 2016). F| HA o gt AA]o] WiskslHA H2] BA
I} A&7 o] A% W2 ko= E5ta A A
AR ZE FA= A7 B=FE o] &} LR Qlste] HY
I Ao XEAHQ Y W Qlr} FAEGE FHA
EAS = SARHAE Fste 7MY 2 99U R A5
=4, o2 3 A g Al7] Bt A AlA < 50% =
SA7F 2SS Ao 2 B3 QIth(Shine and de Klemm,
1999; Hall et al., 2004; Mereta et al., 2012). o]#3t TAFS
SEuEte A9t ol BAHY o2 HFHkR] =
B F-2F SA7F AntAQl A=A @ woks )=
Ao oheket /iR EXART 9 A 9FRIY 2
ofsfo] Sy ALt Aeh 3 SIeH(Kim ef al., 2013).

obaty | FA o] H3He AFES St Ay
o] 3t o2 A Frebib} Sffe] PFFoR 1=l XY
of met XgEE 7|27 et 59 7198 B0 o
SITHJRMA, 2011). AlFEs AATH o2 Fopido] 2 E
AL 7Y T AT} SHHEA FoE o]F
o174 9ATk(Kang er al, 2015). AFE0] RESE SHHL 3
S SALE iFEe] EXoly d& Wk
2 321, @7l 7S FAsEE 247]9
o] §l= AdHol gom L7t ASE= Al7|oet dA]
2 3E9] FAHETJRMA, 2011; Jung et al., 2011; Jung et
al., 2014). 18U AT AP3SLE 9 242 IAREA| 9
BES30R o|RoY Ui Ao Y4 &7, AL
2 2% AR AT, sietdS ot Bxste o
HEA & ohekdt FHIY SAZE =W Aol 24 AR
o} (Kang et al., 2015). @A) F = opFst E97] oA
AET ATl At A A 9 A 2ol 55
st e 747} =2 EFor 8T 11002R|5A], &
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AEZA A FAEFAE AY - FEsto] Bsiar ot
(MOE, 2022). 3HH, SAE 2| 9ol= B33 585 3 &
3 XY FHE 24T AFEAE0] B2H, 47 5

o]go] A} FashHA WA Eol 2Hd Ao HHo= W
87|12 SHA|E, &= MAF o g Qlste] WjPEHAY eHes
F&E= A7E BIREHA AR (Oh er al., 2009; Kang
et al., 2015). o|A Y FA= T AL 22 tFE A2
oz ZHH JPeY 2 EAste] YF o] ot &
Tokal T Aot A heto] mlFet AA ol olof &
A e A o e 2 BAA ZEA] o gt FadS A4St
o $A HAS 93 k=8 A=A x| do] 8 FF ),

AXAE WP FHFFTES FAEHANA HolaES

Aol §Aste daAe 24y {718 2ol 94
4 23k 8 o5, L8984 A3 5 5o 94EE I
(Wallace and Webster, 1996; Allan and Castillo, 2007). 3,
AN HYEHEERS SRR 28] B
28 Bk opat AAGT} Exsin] A9 vheo]
] AgE o] AASIR SRSt WA wgstag 5
) 4 0] HA9 B4, ok 5 Thret 2Rl A%
2 Whe o 489 ABARE ZyA g glct
(Weisberg et al., 1997; Kashian and Burton, 2000; Diaz et al.,
2004; Davis et al., 2006; Jun et al., 2012; Min et al., 2022).
ojof| mets] AAgH o] WE AAY HFFHFTE 24
EA4T o] 59 #x 9 thefel 3 vlA= ARt
o A= LA RE e B dFolA bRl T8
g TAAtolth A& S0 st Ee} §EAS, £5, SHY
T2 AN £ 22 FRES AAs= T
9 QXZE Z &eA Atk (Vannote et al., 1980; Nelson and
Lieberman, 2002; Merz and Ochikubo Chan, 2005; Jiang et
al., 2010). EZF, AL Bold FgF3 Ao gt v
A AlE, AR Y 9FL stEE 5A9 F2 A
Ao Aalste AAE HFFAFTEY GFEdT =4
2ol 2329l Y-S v]Zh(Rolon and Maltchik, 2006;
Brraich and Kaur, 2017; Gleason et al., 2018). AAA &
FARAFTEY Bxe A9 A4 &85 A
=354 £/ "ebA th=A YEh=d (Brraich and Kaur,
2017), ¥t e g2 st oAM= A I §EA4 Ao wZt
3}t 3}FAko| & (Ephemeroptera)dt 73 =] & (Plecoptera), &
Z=) & (Trichoptera)?] EPT 50|, 342 Hgko] glom
FHAEC] FHI SR ZAARA olFFEol &
Fota W7 A2 W FAEE (Odonata) it
=AY & (Hemiptera), T3 & (Coleoptera)®] OHC &5+
9] A7) =k (Williams and Feltmate, 1992; Son et
al., 2012; Chung et al., 2020). ©| &3}t o]-¢-2 X412 <] g7
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MEE SXI0) HAY HPEHESE 28 S4

Aol WE AAY HFFHFTE 2HY EX E4 A
T W A 3 e A7l gk /8% A
HE AlFst AEUFE 28 4 595 913 7124
BEE A3 & ks HolA 9u]7t Aek(Sharma and
Rawat, 2009; Jun et al., 2016; Dalu et al., 2022).

Seuehe 22 I Y] FHF 1,154.6km™| o]
B 27047020 WEEA | g 55 53U A4
AT A 2ARE Bk A WIS ASSHL Atk &
A o] itz BEE23E g4 o2 2 EY AL AR
S40 w2 F7ksA F3EFAA (2010) 9 LA 35
Aol o2 BRelo] Beleha SITHNIE, 2022), 012} &
A FYRHLLE 7 BAG 9% 7| 2R 40 2R
2 WEEA AR A4S SRl £1Y AR
of AES F5S FF6 vk 2, it ¢ QY B
I A71A A G A B o= st 553k
FA| g0l Histe] A AN ARMACE AIPEHI gle
o g REo] A3 AR IX)7] dio] e HIE
gofstzlols FE7h ok 5419 AeiE 7Hx| 9 Q17 A
FE OFE &715E EFst $A ¥ At 04
A shH Hlste] ArjF oz At HLo] S FA
o AAlst= AAY HPFFAHFTE <49 22 HHd
A tiFEe] F27F AU BA ME oz AP 54
H32d B= FAESAE SHLE o|FoF2H (Bae er
al., 2004; Hong and Cheong, 2020; Han et al., 2022), A&

w

O & FE7} Zoba 1A weke] Hegt F-4AF FA
of tigt A= HIosie}. AIFE FA A9 AAF HFF
HE2EE AL Jeong ef al. (2010b)T} Jung et al. (2011)0]]
A = AHof REst= FA|9F sPS st ol
o] Fiot thty 2ANE sIlS B, iR S5
A=AASH 24} AGUHSSA2AL F3AHEY WS
FA 71224 2 WESA AURAL Y 7| 2Sedt 5
YR 7|Ho M dHF o R APH G} & A= AFE Y
A 547 FA S0MAE e rE AL dFFEEE
E9 tpfdat Bolge EXE XA oY, 8 3 &
kel BAE ST £E S gebstakt shglnt. ol 2gt
ATE Bt F-4aF FA o I =4I A2
gt RS ATt FE A B BELE AT 7=
Ar g2 &&= 7|t

1. EAHHY &%) © HEEA

A 529 712 3 9 AAY HYFAFFE AR5
SHAH LN S “WESA 7| 22AH21)” ALY A
FEHEAAE Y ] 2A A3HE 35t 459 o
A HAE F 50MARA e 8 059 FAR
A8z 32 (volcanic wetlands) ol A 78 st QI 37E

0 20 km

Fig. 1. The geographic location of survey wetlands in Jeju Island. Five macroinvertebrate-based wetland groups were classified as Gla
(n=11, gray circles), Gl1b (n=15, white circles), Glc (n=38, black circles), G2a (n=09, black triangles) and G2b (n="7, white triangles)

based on Sgrenson distance measure cluster analysis.



aEiZ|of o]|27|71A] AAlgHA o] theFsten o &A
HA 160,000 km® B|FHe] 4249 F- 4
s}t (Fig. 1). B4 $4= NIE (2020)00| 4 &-&-3t= =7}
SA FEEFAA 2010y 0 @A AAEeEA 9 A
HEAA Q1 Z S &R o) dgsle @454 (freshwater lakes
and pools, L3)2} 7;“7(—17(-1 =t Oi_TLZ-l 4599 EAL Hol= A
Z20 OAFL L3l BeS 3
b= J——J] (SWampS M4), ‘ﬂ%—‘?:il—} AR o 22 AF
344 (human-made lakes, H1)2] Y] $goz2 3LES}Y )
Al Ao 2AF S22 dRbAQl @82 Appendix |
I Aok @A 4 23] Ao 13} 2AR= 2021
| 3E9RE 597HA], 2% A= 8LHE 9971X] 9] 717k
7}z 7144 A3 @7 Age AEste] Xy E ok

A HPFFAFTE PHL 712822 YWESA AL
A X (NIE, 2020)°] 2Ask] Y=k &, 2AR}= £
A Yl (dredge sampler; = 30 cm, mesh size 1 mm)<S ©]-8-5}
s Bojll= Ao E i SAIE 72+ 33 AFARst
FRom, o] % ThRRt MEANS SHEsH] fIste] o m|aA
A2 oA AR S WaAskoh A-E AEe @A
05% olek = 24 TRelel AU Lusion] B
7] (sorting) 2] & 80% otz RE3to] st Au
TS o83t TSI A7 SAA 4o EE2AHH
H (random sampling)oﬂ ol5te] T3 E WXy oYL
Fols T2 AENA Aed T SA| BASHT g,
ZF i SR A2 89l FollA s Cummins
(1962)9] o] wet BEFstglen 529 45 Zdol= A
2]=4 7] (Newcon Optik, LRM 1500)& ©|-&3}%it}. o] 2o
T et SRHA, 4, A E AR AR =

lor

YA Y o229 DBE ol g3kich. 4708 AAA oY
BAFER) Ao 87 ARE BRI A
2. 2% 24
AZE Ao A AN ANY dFRRFERe
Y SAE skl SPted i S § g )
AR, TAE Ak en B £2E F4 A
R R R

= AP E AR 2EE X4 (Dominance index,
DI) (McNaughton, 1967)} t}%¥=X]4>(Shannon diversity
index, H') (Shannon and Weaver, 1949), =X % X4 (Richness
index, R1) (Margalef, 1958), w5 =X]4* (Evenness index,
El) (Piclou, 1975)2 AF&3}%t}.

3. 84 24

7HsA FEEFAA 201009 e SA FFE E¥

FUTYE - OlF4 - Ba X

249} WAL= 2Jol= v A A Q] Kruskal-Wallis test
£ Z-g3to] EX35FTH(SPSS 18, SPSS Inc., Chicago, IL,
USA). E3k, AMY E3RA2EE 2U9 B0Hd B
z B4 nereb] okl A 44 o W
A (cluster analysis)& HAISHATH AR BE 549
Sgrenson distanceS AAF5}4] flexible beta W (B = —0.25)
o2 4 FA8Y A e 152 EFshe WS
Z8-3}l9 ch(McCune and Grace, 2002). JIEAo0z B
H IFY S FARLE Frlel] flste] B2 5
A Wil th-$ g A} (multi-response permutation
procedure, MRPP) AA& 4331 th (Mielke et al., 1976).
ojef HHEA A7 ol 7+ IFL2 A48 HFFAEFE
5 3 A9 Aol & v|wslr] $5ke] thA| g ¥ Kruskal-
Wallis testE AAIHT HI&EA o oJste] Lhro]zl z+ 1
$2 UESE AEET ABLS WASH 24 el

:iZ‘— 2.4 (indicator species analysis, ISA)& ©]83}o] £4
3tk (Dufrene and Legendre, 1997). A ¥F 42 ZF =
AR A @3t o AHEFRES ”":H%@_ =S o8
stof AbEE R ;Zko| ZAStY A #FTS W= HHo
o} ojuf A #ZE2 05H 1007H4] ] Helof lem R #gto]
=242 g £9 A EA0] L2 9u|gtth(Petersen and
Keister, 2003). A| &% 24 ZA3}= Monte Carlo testZ A|3j
sto] {94 ElstaTth

AXY PFHTTE IS AT D A A 9
sto] ST T2 AN AN AFH s &
HE 2tgThs 49 o] &st=tl, A 2AREA st
o] A8-L9] 0.1% H|HE A= BEH-L rare taxa® T+
wsto] ASYBACH o)F BE AHSL U3 2HB 2
gt G A3fsta AFAE FESH] sk Log(x+1)
£ Hgsigich. MRPPEF HIEA, A #FF 42 PC-ORD
software (version 4.25)E& 0|83} th(McCune and Mefford,
1999).

| 1}

1. MMY P HESE Cdd

AF= Ao 5071 FAINA AA| ZAM]7] Fet ElE A
A B FAFTES F 32 57 195 5337} 133F°]3ieh
ERaE 2857 QAsERl 13509.8%), HFs=<
o] 6F(4.5%), A FER0] 114E(85.7%)°] =0, X%
EE2 A7kl 8%(6.0%)019L L5740 106%(79.7%)
ojgith. L4 BAEH Fol 415 (30.8%) 2= M o
ofslgdom, 1 thgo & e Eo] 278 (20.3%)3 =AY
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Fig. 2. The ratio of species richness (a) and abundance (b) of Odonata, Hemiptera and Coleoptera (OHC) taxa among wetland types in Jeju
Island. Abbreviations for each wetland type indicate human-made lakes (H1), freshwater lakes and pools (L3), fens (M2) and swamps (M4).

Table 1. Comparison of benthic macroinvertebrate taxa richness and abundance among wetland types and former studies in Jeju Island.
Average taxa richness and abundance were represented with standard deviation (in parenthesis). Fifty study wetlands were classified based
on National Wetland Classification System (NIE, 2020) (H1: human-made lakes, L3: freshwater lakes and pools, M2: fens, M4: swamps).
Kruskal-Wallis test revealed that taxa richness and abundance did not significantly differ from each wetland type (p =0.282 and p=0.126,
respectively). Because two former studies did not provide detailed species lists per sampling site, it was marked as ‘not available (N/A)’ for
range and average of taxa richness and abundance. Jeong et al. (2010b) presented only the number of aquatic insect taxa.

Biological Wetland type This study  Jeong er al.(2010b)  Jung er al. (2011)

attributes Hl(n=2) L3 (n=39) M2 (n=3) M4 (n=6) (n=50) (n=102) (n=89)

A. The number of major taxanomic groups

Phylum 2 3 2 3 3 1 5
Class 3 5 2 5

Order 8 18 8 14 19 7 21
Family 13 44 14 31 53 32 84
Species 18 116 26 52 133 100 207

B. Taxa richness

Range 6~17 4~31 10~17 8~30 4~31 N/A N/A
Average 11.5(7.8) 18.4(7.5) 13.0(3.6) 15.7(7.7) 17.5(7.4) N/A N/A

C. Taxa abundance

Range 130~309 117~1,482 137~597 398~1,372 117~1,482 N/A N/A

Average 220(127) 601 (361) 299 (258) 727 (392) 582(365) N/A N/A
50| 22F(16.5%), W&}&0] 123F(9.0%) 52 =ollt. =7h5A FEEFAA (20100 wWE 54 I E8F
A A ST JL 45004 A 315Y " = U SA9 7 7P B geISA1L3)7F F 38
53] A4 e ATdhe A S (Odonata) = AA & 57 185 443} 116522 7MY tfstlen A B+
(Hemiptera), T & (Coleoptera)?] OHC %2 A 18.4 (£7.5)F0] &3}t (Table 1). o]2t= U2 Q1-F
8T AT tiH]| 247 67.7%%} 68.2% 2 /38|17 THEAHDE Z 28 3% 85 133} 18T 22 Frhekdol 7}
ol =T (Fig. 2). A okon HAE H 11.5(+7.8)%F0] EA3IAch £7
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8 GG (m’) BF MAsE D Eo] 172704 o) AR BEQ TSR0 FE QI o] vhe] Eo]
(29.5%)2 7 FHsten FAEEo] 143704 (24.5%), & SFHLEAY (Aeschnophlebia anisoptera)?t =7HH]
A FEFE0] 9271A] (15.8%), =HAZo] 8370A| (14.3%) AL (Anaciaeschna martini), = EX7 (Canthydrus
9 otk S SUAT (m ) MAYEE A (Canthydrus) politus), LGN (Hydaticus (Prodaticus)
1177RA1o0 A ) 1,48270A12) WLl on AA HA 582.4 conspersus), AFFLEYN (Platambus stygius), §A 5=
(+364.7)70A Gt 28y Kruskal-Wallis test 23} d] 7§ =U7W (Copelatus zimmermanni)®) 65°] JARA+=4], o] =
o £A F¥EE HE 2T (=0.282)% MAEE B2 FHA AFEoTt EEFAY T AAX7L AR

(r=0.126/ BAR L §ojulat o]z} gich £8 FR02 PRAYINT AYGE Fo2 U 3
ot Jung et al., 2011; Jung, 2016). +H, Jung et al. (2011)2}

2. 5015 MOE/NIER (2021)& e 14502 S5 AS 4%
B Aold BE9)7] oINS 17l fFets F 7] She TSRl (Baers halla)E 7155171 SHAH.

4=Z+31%5 (Clithon retropictum)™} =3 (Lethocerus dey-

rolli), =971 (Cybister (Cybister) chinensis)®] 3%0| 43} 3. AN HHRMEEE A QAo w2

Ark T3, 27} 7150 YEAEFOR A HH Wajolu} SX 72 2R

A2 (Brachydiplax chalybea flavovittatay= A|FE A5H AR PR H2EE 23 A9 SAE 7|2 = 8}

Serensen Distance
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Fig. 3. Dendrogram of macroinvertebrate-based wetland classification using Sgrensen clustering method. Five wetland groups were differ-
entiated by the dashed line. More detailed information for each cluster group was enumerated in the text. The abbreviations for 50 survey
wetlands are shown in Appendix 1.
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o JYBHE AAS A, AFE A 5070 $A= 2
A 2749 253 5709 3HY 1FOE Yol Rt (Fig. 3).
MRPP &4 A3} 3| B4 o) oJate] tirofd 5719 152
EAH o= §olsgrh(A=0.121, p<0.01).

HHEA 9sto] Hrofdl 2 272 A dFFH

2=8 Jx0] gobal TR ARSI A A 20
A A XM maj olat AlPA YAk s FAH (%), &
A A& Zol, £AAE FAgu|9] oA Eﬂl*—‘lc’i R
Qujgt 2JolE EHH(p<0.05). Z&F 22 Group 12
7 159 A WAo] 2k 146.4 (+105.3) me} 2,583.4
(£2,699.1) m*¢l AR|o] YA|3H= 47 Fo|om =4
2] (macrophyte) TJB|7} A H 02 £9k1 sHfo] 2
e olste] APA ARE o]FoA Q)3iTh(Table 2). W,
Group 2= B3 11%7} 449.9 (+594 3)ymo|P o &2 HA
o] 24,336.5 (£35,380.3) m*@1 W2} A1t B39}
T s g 2ol AR FARE A6 YAshe F
g SA7F Bkt E3, Group 2 FAAE H&o] ATF
o2 vokstg 1 mefet Az ojake] 2YA AL At
et

A IL A
S - 40ls -

HIXHS - O|&l « HAX

A _l/\
oT [l ey |

olol

Glax FAXES AlQlstH 2F AZ 299 935132
o (Fig. 1) ¥4 1= (107.3m)Q} A HZF (2,536.8 m2)°] L
= 15 oA 7P ¥t Glbe =& o]t AEd ¢
Aol T8 (95.3%)7k V4 wsken] A9 3% Aol
(523 m)7F 7H &9k, Gleoll &3he $A1E BF 559
A8 e (Fig. 1) A& 7444 (13.1%)7F FH& 2
2 71 B9kt 2, Goaks B3 201(1933my7} 713 2
ov} Hg FBAE T 46%) BTk Gabi
B IE(570.0 m)2t SAHZ (26,608.1 mH)o] BE IF
oA 7P =okem Al-EE AR 4R (66.4%)7F 7t
& A Bt 4 (614 cm)o] Aok BE IF FolA
Glbk SrhepAn FRE} 718 E9pen] Eolejzgol
(Gyraulus convexiusculus)7t $-AE0|Qlt}. o]el= Qg =2
G2t FRESSL AALESL Woksg o] AAeAo]
SFAL WAL W SR £ ANTER FH
Z-whL 3 (Chironomidae sp.)7} $-&3}% T (Table 2). 15E
AEASA oAt} HEER £44L8 1wl A A
YA FABIE ARt BE FFollA FAZLE Fou|t
Z}o| & X th(Kruskal-Wallis test, p <0.05).

Table 3. Indicator values (%) for the most important species (p <0.05) in each cluster group.

Group 1 Group 2
Indicator species P
Gla Gl1b Glc G2a G2b
Polypylis hemisphaerula 58 1 0 0 0 0.001
Gnorimosphaeroma sp. 27 0 0 0 0 0.025
Gammarus sp. 27 0 0 0 0 0.017
Diplonychus esakii 37 6 0 0 2 0.012
Scirtidae sp. 47 7 1 1 0 0.001
Gyraulus convexiusculus 0 45 11 0 0 0.005
Paraplea indistinguenda 0 44 9 0 0 0.007
Noterus japonicus 12 59 5 0 0 0.002
Hydrovatus subtilis 0 25 1 0 0 0.045
Laccobius (Laccobius) bedeli 0 33 0 0 0 0.013
Triaenodes sp. 0 27 0 0 0 0.027
Cloeon dipterum 1 10 36 0 14 0.012
Ceriagrion melanurum 20 5 63 0 0 0.001
Sympetrum eroticum 1 1 33 0 0 0.026
Hydaticus (Prodaticus) conspersus 0 0 25 0 0 0.046
Limnodrilus gotoi 7 5 42 0 0.003
Chironomidae sp. 1 14 5 58 0.001
Deielia phaon 0 0 0 0 43 0.001
Micronecta (Basileonecta) sedula 0 0 0 49 0.001

Monte Carlo tests based on 999 permutations were used to assess the significance of each species as an indicator for the respective cluster group (Gla-G2b).
Total 78 species whose contribution to total density was higher than 0.1% were analyzed.
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4. RIES 2

A4S 3 :rL—E'—% ZF 155 H#ste ARxES &
Q15H7] flske] A &F 24 (ISA)= 3T 23 0.1% o]
S 7‘}110 = % 18F SolA 1989 A=
ZFol AREHG e, IFE ARFE 4 2% (G2a, G2b)o]l
A Fd 6F(Glb)e] HH At (Table 3). Glc 1F9] AEF
ol LKA (Ceriagrion melanurumy= A EZE0] 63%
2 74 Rotom SX WA (r= —0.442, p<001) D %]
O] A& (r= - 0402, p<0.0)T =2 AHA7H 019{1—1— -
AAE A (r=0.543, p<0.01)2} 2] AHAE
T} (Table 4). o]= =THAAE| 7L AlFEQ =484 EO]
3t 42F SR A SVNES} AAYUETF =322 Rt
e E3, A #EZEO] 59%<1 AHMERIN (Noterus japon-
icus)—E Gl1b J_Eﬂ-'_g] Z]Eioi A—]X—]E]O—] o u:] ./L\.x]tt]x-l (r=
—0.405, p<0.01) @ H5X9 &A= (r=-0.383, p<0.01)3}
29 pmaAt el 24 olske) AR st )
(r=0.379, p<0.01) @ SRWAE T (r=0.377, p<0.01)
o oFo] ATAL R SEHTable 4). T, G20 1AL
WAFoz FRe= AXHO| (Limnodrilus gotoi)}: 2w

T+ (Chironomidae sp.)¢] 2%°], G2b AFA= THA
2 &o] (Deielia phaon)®t TuFEA ] (Micronecta (Basileo-
necta) sedula)iﬂ 2%0] A &Fo| AAEUTE o] FoA Y
Aol SAMA r=0.459, p<0.0D)T 5X9] ZF
(r=0.405, p<0. 01)°ﬂ tfsto] o) AT Hlw A =3t
T} (Table 4).

a
HAA7HA AAA Z_'_%_E% ;‘g% Aoz 3 A
ZEo 47 A7E BYolelo s U BY0 g ol

SABAY At AR H AZEEX]‘?‘%; THez
o] o] th(MOE/NIER, 2008; Han et al., 2022). =3, tf 2
29 §A4 A= 54 A diste] dEA oz ARG
o, = Ao 2F A 3 A= ==tk
o] ZoJlA Jeong et al. 2010by2 10271 g2l FA]
AASte pAEEEE AR 23 F 75 323} 734 100
%2 solslon, Jung et al. (2011)2 8971 522} 319
A F 58 87 215 843} 1574 207F9] E=2L AASHA

Table 4. Pearson correlation coefficients between indicator species and abiotic and biotic environmental variables.

Indicator species Altitude Wetland area Fine particle Long axis Macrq;?hyte
(%) composition (%)
Polypylis hemisphaerula —0.166 —0.331* 0.229 —0.327* 0.016
Gnorimosphaeroma sp. —0.325% -0.114 0.157 —0.094 —0.115
Gla Gammarus sp. —0.314* —0.223 0.156 —0.210 —0.093
Diplonychus esakii —0.062 —0.065 0.139 —0.136 0.268
Scirtidae sp. —0.410%* -0.208 0.318* -0.196 0.004
Gyraulus convexiusculus 0.029 —0.286* 0.291* —0.324* 0.384+*
Paraplea indistinguenda 0.119 -0.222 —-0.016 -0.251 0.424+*
Noterus japonicus 0.072 —0.405%* 0.379%* —0.383** 0.377%*
GIb Hydrovatus subrilis 0.017 ~0.195 0.060 ~0.148 0.162
Laccobius (Laccobius) bedeli 0.093 —-0.227 0.095 —-0.228 0.015
Triaenodes sp. 0.177 -0.127 0.062 -0.156 0.136
Cloeon dipterum 0.118 —0.105 0.136 —0.138 0.264
Ceriagrion melanurum —0.090 —0.442** 0.160 —0.402** 0.543**
Gle  sympetrum eroticum 0.069 ~0.004 0.173 ~0.023 0.032
Hydaticus (Prodaticus) conspersus 0.019 —0.024 0.015 —0.025 0.208
Limnodrilus gotoi -0.013 0.141 0.036 0.131 —0.190
GZa  (Chironomidae sp. 0.120 0.242 0.000 0.316* ~0.067
Deielia phaon -0.291* 0.459+* —0.101 0.405%* —0.067
G25 Micronecta (Basileonecta) sedula 0.058 0218 ~0.150 0.148 -0.175

*p<0.05, ¥*p<0.01
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. MaT . zin

|A
o=z " olHl=

Th(Table 1). & A9} A7) /%yoq:r& A B2 o]t A
EAAA 78, 2ARZ], ZARAH Sol4 tha Zol7t 9l
o= E6la LR xﬂ-r54 ES A BV e E- S
5 o2 A8 dFFHFFEY BETHGEl
© =209 723t o|9k= B2 MOE/NIER (2021)2
= At %"E‘i ZAZIZE &% AlF Lo 37 SPH (=
Kl Aol A & 38 57 8% 173} 2052 HEA
9% EAFTTE 7SS, ol 2 2
B 175 Hlﬂﬁ}%‘i—% EHOHE 51:}0“* o] HJ

1S
ﬂOL
)
ih:3
i ol of
N o}o\v

‘EOPXH ch‘EH:% 010}
ZEZTH(JRMA, 2011). 23U AF=
FAe IFTE HIESt] Ad AAHY F-4aF AR
= 37|19} Fej7) thoFst ®mak ofugt AgjA o2 zFe A o)
=3 A3t o] giA| 2 ¢y o]tk (Oh e al., 2009; Jung et
al., 2011). o|H%t A= P A} A4 o] S
A7} ATz BETHFE SHA AEHA AolE B
ol Fa3k glo =z wrtHEh

dutA oz 47 o g4 A= OHC £
okk]_],].

I

2azel o
F1X.X0| =ch(Williams and Feltmate, 1992; Son et
al., 2012; Chung et al., 2020). AFEo= 1A 227} 0}
29 84 BFE BAo2 Fo| W2 F47 A o}
T FE Y SA7E B=T, o8 FaE WA EHHA A
23} (Cyperaceae) 2 7]-EHJ'—’]-(P0tamogetonaceae) = t}oF

T A4l 0] Aakelel Aol e AAAZ sk Al

&7} BT}H(Oh et al., 2009; Kang et al., 2015). 0|2} 22 &5
A AL F8 4)7]5+ (functional feeding group)©] X
2|2} (predators)°ll 3igst= OHC 779 thfda S+
ol HHH FHFE AL Fo 202 4830 o
FRAES 2AAZ §lo] Ho|&ES st ] FEgt
Z70] d 4= 9ok (Williams and Feltmate, 1992). & ¢4 3Loj)
Al OHC #77-& AA| 2855 AL Histe] 242}
67.7%%} 68.2%2 F438|7F 1% &=9t=d| (Fig. 2), Jeong et
al. (2010b)8} AFNM = AFE Lo SAM SAT 100
ZF oA ZAATL 5% 5 HASh= A= Bagt vt gl
o} S E A oA OHC B2 A2 2]E (Diptera)
& TP RA2EEN 277} BS SolS F0 vo)
o2 3l RE ZARAN FEE] BEFS 4
A o2 OHC 79 thokAo] =9t} o3t A=
AFE $AE GAFoR & MAATAINE FUsson)
(Jeong et al., 2010b; Jung et al., 2011), PAFYo] &
EA Y9 Fed SAE o2 a3 dFoA= fA

=l

- i

CO|EH4 - HaE

olol

3 (Son et al., 2012; Chung et al., 2020).

2 Aol g BF7] oMIE FolA AATE
E (Mollusca)?] Zt11 %3} (Neritidae)o| &3t= 71424 1%
(C. retropictum)& G52t 37} W= 7] A4}
v 0@ ge FA9 B8o| Y= A7 oY 2P
PSP EA RRRRE A Folth (Lee ef
al., 2018; Han et al., 2021). 7|52 115 3j9te] =2 7wt
GO gt A& A4 Fast R KA
2 alsto] 19989 W17 oFIBER A Fske] Aol o]

23 QJTH(MOE, 2019; Han et al., 2021; Jeong et al., 2021).
FUolA HuE Rz 7ediE MAES et
zNom ZHo Bust Aoz oaA 9gout
Noseworthy et al. (2012, 2013)0] A|FE9] Rl BH ]
o 5P "ol A o] F& Fx Hugt vt ok 2 AFolA
NGTFE AR Y SN HRA Frer A
7t Aa, Sk e AR o] ol A% aalel

B3 opATt 94 AL AEste 742 gukEl
*31:4114 %’\é 1&16}9&% ] ]% tha o]a;]]x-lo]l:q _,.E?sl—

s Hlbﬂ%
A ot A9 S
e Fahe ﬂal, e e AL S ANHT B
Zrsto] FoFst7] wizol AAA7E AEHUS W A A
=g ek Ak Hebd GF F B A4K BEE
sto] U} AR BF00 gt 229k A48 SA4 digt
27129l A7} R F = h(Han et al., 2021).

TR, P UEelA =71 7| $RE EAEFOE XA
g gAoluldAE] (B. chalybea flavovittatay= A=}
SulXjo}, St Zo] X2 merkad GeAde] A4
L), 201085 AFEANH Mz 12E o|F AR
Ao 2 Zylslar 9o o= JA F7) 4B %]
R T L ER L
A& HUEPH B A7 875 Folth(Choi er
al. 2020). o]¢t A AFZoH HFEY BERA Aoz A4
o7 AR gfitte T2 =R IR A, martini)
&} SRR E] (Sympetrum speciosum), A=A}
(Ceriagrion auranticum)7} 1t (Jung, 2016).

AzEE Seb oo GFoR Agnwel A Hol
webd Aol ofdu 7 ol 1% BAo] BEG

2 tior BAE0l A4S WAL vmsio] AR
o] ZEITFIRMA, 2011; FNM, 2021). 0}-28] A2zl 9|
Zol4 Wigkstel S8 Fol AAstel SArSHE 37 713
AzA BEAYFH R Fa% X de= Aoz FHF
Atk Be) AFE GAE ARANRA0) depeka Erat
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02 2 AEHdEE AYske o 8% 9 o
(Jeong et al., 2010b; Kang et al., 2015). S| Ugh= &5 7]
TRt T 7| A A S g AEA
A8 9] #37h S EHI ITt(JRMA, 2011). 23Ho s
AETHT BE 8 24 A -HHARQ IF=
o, oro] Fafoluptate] Atg|of 49 o] HF
ERTe THLE Ty AlRtHes Rxs)
o AAHL7 WEAHer HA} S Aoz i
Choi e al., 2020). o]t ZHAA AAZQL o]4<l
3t A= Y99 FAAT BETF nA
Pl tiste] 2521 BAT THA AAZ QN ZUET
Z2I9 Agfo] Fasir}

AXY P FAFTEY E29 230 9FE A=
3 A FEe et A BETGFY BA
2 93le] "4Fo|th(Sharma and Rawat, 2009; Jun et al.,
2016; Dalu ez al., 2022). FA YA NN AAAd HPFHF
= T FFE vA= 8 H A= FAHH L 1
T, oA A AAE X 5ol €A =T (Stenert
and Maltchik, 2007), & Aol HFAHAL} 529 45
Zol, meff o|st AP YA Fu], A E FHl=
AR dFFAFTE 2 FAHOl wEt i SAE
TESe Fa3 AR gttt

dutA oz AAX] HAL A HFFHFETES
O IS 2Ashe St ARAEA HE o]
42 vaA 4B hekate 744 ket A A19)
7 B A ol 75 St Agteidl &
T} (Heino, 2000; Stenert and Maltchik, 2007; Stewart and
Schriever, 2023). o|&g A= 1 YA ET o7
A "UHSE Aoz d#HA Atk (Tonn and Magnuson, 1982;
Qertli et al., 2002; Park et al., 2020). o]&l+= RHHJZ Oertli
et al. (2002)2 2929 807]) AES Ao = HA L AE
ool ik At AafollA d¥Y 27 FAVE Y ¥
Ao] Fr7t & FA shtel wlwste] T 2 b
A7h Foka shgih 2y B AtolA] SAIHA Y o
e AN HEFEFFEY TS W3 P2 ERT
of @t Zpol7t Sl ALz AAStL ok AE S0, &
A2 5&- (Odonata) 5257 (Gastropoda), 742H+ (Crustacea)
= HA diste] g Foer Frtsh= W (Oertli ef al.,
2002; Stenert et al., 2008; Maltchik et al., 2010), T HY =
9] 973} (Dyticidae)+= #43FTh (Heino, 2000). 2
FolH ATEA 23 AAA HBRREEE FHE 47
HAof| we} o] & HZol e E-5tal S8 F< (Pearson
correlation, r= —0.274, p>0.05)%} 7HAH|"@ = (Pearson cor-
relation, r= —0.291, p<0.05)= SAHZ Z7}o) webA 7+

il

o
;:O
o

o o
iy
ot

of
lo

o

~

Horr N oiorr oo 2
o
rE

gL ofN

RSS2 54 1

28t= e Hol7le stou MAdERte] ATaA
b $rojulatsic oleie Ase AZE Anh s07H o &
2] 9] 80%7F WA 10,000m’ 0]5}+e] 25| BFE o} 9
of GAMAe] T FriopyT FRES] BAS sletely]
ol AE7F B8 A2 WHETH(Appendix 1).
FAAE Bie oAE 2RY Sl AAHAL 7
& s o]23t VA= Ao HE FEsitt o
Al A MRS TR FH B B2H A=
F2A2/E S HoldS AFTAY 4t e} 24AHE
Ao} Be SuE ANY BRATFR) by 9 F
ot Wy FA7E lew A EC] AR sk Ao
255 AL dFFHFTEY 285 9=t =0
(Attrill et al., 2000; Bogut et al., 2007). T3t XA 7
HEFTEL FAAEY T AEAt wet EHA7]
o+ 23 F+27F 24 =7 = gt} (Van den Berg et al., 1997).
59} JAFAFAE EFSH= Group 2& HAIZ
E7t &2 Aol YIRSt en SAHA | Blste] fFo]
Aol FAAERTE X3 $HS Asste A=
(xerophyte)®] FHH|7} #Qth Antd oz A4 P+
H2EEE Group 29] HAY BF FAF} WAt 47
10.5%3} 278.6704] m>2A] AT o2 SAaFo| Rt
Group 19] 20.7%3}+ 7254704 m o] H]ate] Hgick £ A
TFolA et m7A| 2 B e E5A= FAAEC] AA]
sk WA o] F7hske sHa7|o A 257 OHC £+
Te FTHOE TUHYEY FHET S5t AeRE K
E v} itk (Han er al., 2022). 224 & A= AFE 4
o Aol ohe SAA R AR 2RI 44 v
2 AASe WAl e A A=t 0|Fte] ABHe
AHIE Aol o B AV 9o, ol= FF
Al AFE T Hebo] @ FH T
ol A= f H AP A NA A A P F-
FEY TP Bxo| IS vA e Agtades
283kt (Oertli et al., 2002; Jeong et al., 2010a; Jun et al.,
2016). & UL AR 127t F7H8HEA g2 o
2 ZastAY 1539 FHE S A=A HHE Hol
t}7} o]& ZrAsH= A ® At (Sanders, 2002). Lawton
etal. (1987) 1=o] g FTHFY A4 Ao 2 1
oA o] AAIA WA B o] &7hset A ThekA, At
g a9t A WIL At &) o S$Fx
AT AFEE AL E 1,947 mo) Ttk &
2 ol 4] ofEi7kR] 715 S o] W3} vl w A &
o ol 2o Y #AE +HY Bxot
Al FF= vA= Aacle s 28 5 9

o}, ot
2 AT SAUAN} s R TEe] wet &

[¢)
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& £4= (Pearson correlation, r= —0.265, p >0.05)2} 7§A2
I= (Pearson correlation, r= —0.215, p>0.05)7} Zr48l= 9
e BYgolE BTeD FALLE Solvlsiae oot
t}. Jeong et al. (20102) AFE W 2470 SAE thFe=
T WE AR TFY WSk £4% dAtolA sl
1= FTtol| gEtA EdFe= dasiglen Wy ans
A A S o L= oF 258.7 molA EFF471 Fd<Ql
%% (hump-shaped) 2.2 YelATY 3T

3, AE8HA X EF (biological indicators)S AJE| A 2]
ARrEQl e = AHAE FH5ts B 249 W3t
£ #AA st Briske b -85 2-835t= 7HdolttJun
et al., 2012; Min et al., 2022). AAA HFEAZFEL T
F2O Ao Ezst A7 At Y #t ozt
o] vwad A3 Y FAo| §olsto] e A 9
34 AHE Brishr] g ARYERE A AAZer @
2] &85 70|tk (Rosenberg and Resh, 1993). & &
TN AFE FA 507145 PFL 2 AFF E4S 55t
o ARH AFFTE T 19522 tjFfio| gl & &
A, U FY ZAY 2577t G5 (Table 3).
T3, A A Eo] FRS AlEE gAY FHI7F =2 A
A 423 £ hEH= AEZLS 15591 vhd, 24 2]
9] 53 FA A= 45l ELSHATH(Table 3). o] Fol
Al G2a 5L Sy} tiRES A=A Fiflst
Al ExZst s ueto] tiste] WAdH L7t Wol agko] 4
gt FAA =& =R A= ARIF ol (Limnodrilus
gotoi)} ZWL 5 (Chironomidae sp.)7} A FAYEZ XA =
{1t} (Cooper et al., 2006; Beyene et al., 2009). G2a 15>
G BT DA EE AFHOE AT GAS
Z3pstglom SAHA o] Yi £A84EY FAu7F B
dorgt &9 EAS By 2335 MAYEst 242
7.8(+3.6) 23} 225.6 (+133.7) A4 (inds. m ) E ¥1eks}14
o2 Aol AT R AEEE 449 7o B
7 Qxet AmEst BA0R elusigon B4 W
3= AAE 4= Q= AAAQA S& 77 =2 AR W
=it (Table 4). ThEE, G5 BA of tigt A7 A
AEE =, ol AUEAANARE B30 o]27|7t
A i FA7E dFsEaolE Bkl i REe 2A &
A 7F L= 200m o] ] A Aol $12]5k= HA 3,000
m’ 0|5+e] 4% ol AFHUY| wo|ct. o Al
2 AFet AAIst AF= SR et A&HA AFE
Boto] Hoh thefet 39 SAE Tt A&KHoE =
AL AR S FARNTE WAE 5 S Aolth

AFes AATHY EACR QIsto] = M| A4 thef
g FE Y FA7F wEste] glom AR ZHA7E & o

A IL A
S - 40ls -

x|

L0|F4 - HRE

olol

o FAZGFAZE AR et T #E HPom B
THA] Fohe B2 sA= A @S wefshr) = Ao
ENBRL 5 BF 59 HE= AL ARAIAY A
Ql wzhof W= Ut o]d SHM & A= AF
T A F-4F SAE e AXY HPFHSFTE
o] g SolFe 22E #AsReH 4 FAMIl
7|23 A F3SE 3t o]S9 22 dF= A=
2 893te] BAE LRI SAYHA Y Wt #F
o &% & e AFEFE AN 2AF A= AlF
Tof AubAQl 54 @ eudd e S48 otk
&% A=TH 2 5 3E Aoy FF SAHAE BE
ol Mok o HAs| 9t BEEYE PN Y=
2 g7t 7| 2222 EEH71E 7Yt

¥ 2

S A Fa43 FAE 7= E4EtaL 2
o] Bk o] g0 2 et ma glE Bk opzt
A AR shdef vlgteq $A AT AHHLRE Aot
2 die ofgd 7179 AFEo| BEd= F-4F
2] 507048 O R A JPLHZZE 23] E
Fa Fo| ¥ EAS Potry] $ste] 20219 dF
£ AT @A P Y] “UESA RAK
2020y wet == Atk 2AP17E Bt SAT AA
4 HPRHFEELS & 38 57 198 533 133F0| 9k
SAE 2EFTFE 43159 HAYeH Bt 175%°] &
Akt A 232 AR 5T =HAE, SgdH S
9 Al EF2 83 MAL =T 242 AAY 67.7%
ot 68.2%5 AHA| skt 53] TR ES] FLu]7t 7t
Z =4t 3, 7SR FFEFAA U2 54 439
H 243, AL EE BARSE {Fou|E ztol7t §
Ak & A4S Foto EEH] oI EL 74T
B4, B0 £ 3%0] ERlEg e ERE A E
H 23t AFE Yolgt FAH o8 Bixsts tho] Fol
71ZE ek AA A A= AXY dAPEHFEE 23
o] Aol met 57 AFo R AREYeH ZF 152
SARAL AFA AR ], FA] FE Do, A4
E 3H|9 FEofA SAHRE F-oulgt Zpolg Bt
A FFEA (SA) Ao A F 1959 A#Fo| A= A=
9|, =R E A FEEo| 63%2 7Y B%en I o
=08 AAEINel ZuptF o] olqlnt. FA| e A
E AEE AEH R ZAHYUTA N uFo ARt ot
E9eS B @A o R AT £ lom SAAHAL

&

il)d 8 4o
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AR ke WAk welst] 915 AReHE A Ao
28] b5 e Aolth. B AT A3e F 49 FAo| dhat
ARNY A EREE B BT AR e
ARE AT T &4 RAT BAL 0% 2R
285718 7@

MRS 293 (R4 Y497 BYAT),
A5 (SOKNYHRAATAE 48|k FTolah), Zul4
(SOKNAR B A G0 4181 A AT, BT (FA
S} A AT L SELAD, oS (YU AU
T4, A GBI Y ATa)

HAPICIE A 3 2044 A9, AF2 L 4
B A58, P04, 43 0 BAE, BAUe): o)
SOPUE 2 A3UN FE: Bed, duxd 4E 2 5

3 BE AR

OlZtA| BE AHe & =Ho| Al
A F=9Y X7 syt
S| B ATE B FUAHANA $AT W EA
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Appendix 1. Information on the survey wetlands in Jeju Island, Korea.

Wetland Type" Abbreviation” Altitude Area (m?) Latitude Longitude
HE S L3 AA 257 901 33.40371 126.35110
Azt L3 AB 69 16,085 33.45457 126.34735
EN71% L3 AC 194 1,895 33.39225 126.31092
gy L3 AD 210 651 33.38768 126.30886
Agol & L3 AE 241 2,662 33.38016 126.31059
SEVNER=t L3 AF 1,133 2,935 33.39658 126.48769
AR =2 H1 AG 50 100,998 33.47016 126.38864
Zwz &7 L3 AH 157 1,110 33.50360 126.73992
ZEE2FBER47] L3 Al 66 803 33.52939 126.71957
EEBEH3247] L3 Al 112 1,597 33.52127 126.72692
Ll L3 AK 125 2,388 33.50866 126.71745
JEE L3 AL 274 482 33.48058 126.71794
YAz 22157 L3 AM 263 3,037 33.48229 126.73561
gz 242457 L3 AN 267 6,211 33.48112 126.73789
Ho=xz L3 AO 212 439 33.49129 126.74171
B310 2437 M2 AP 684 3,833 33.39554 126.65159
gAHALE L3 AQ 236 1,651 33.48249 126.74550
&0} L3 AR 284 5,363 33.46299 126.74358
A EZEA L3 AS 99 568 33.52333 126.75786
A LLEA L3 AT 2 1,295 33.56414 126.76526
HALE L3 AU 126 3,005 33.50471 126.77220
A AFAEA L3 AV 132 804 33.42933 126.83972
AHE L3 AW 120 854 33.42038 126.84503
2454 L3 AX 143 902 33.40028 126.83768
54 EA L3 AY 129 1,252 33.39478 126.82077
5AREA L3 AZ 125 2,113 33.39264 126.81912
354 L3 BA 103 2,319 33.38821 126.83704
BB L3 BB 221 4,100 33.45342 126.80059
Zmtx L3 BC 124 2,034 33.38729 126.81084
EiS L3 BD 125 5,993 33.42883 126.84303
A& EA] L3 BE 1 40,509 33.47766 126.89744
quE L3 BF 75 1,204 33.42897 126.87746
AR5 A M4 BG 550 33.35334 126.18924
HH=EEE5A M4 BH 7 2,673 33.34598 126.18416
FAYol154 M4 BI 12 9,044 33.32878 126.17688
FAol25A M4 BJ 11 1,057 33.32863 126.17587
T2 Ho|4%) M4 BK 10 939 33.32601 126.17432
HZEGRLT L3 BL 48 2,874 33.35601 126.21447
FRAEEA L3 BM 32 12,383 33.34984 126.20969
ZXE L3 BN 52 415 33.33719 126.22150
£5=2]4=2) HI1 BO 26 115,947 33.31741 126.18779
Hg s L3 BP 4 40,078 33.40891 126.23063
202315 L3 BQ 382 4,503 33.35616 126.30576
Am] A& L3 BR 354 11,006 33.35103 126.32248
qE L3 BS 352 401 33.34194 126.32788
YL EE5A M4 BT 1,214 26,483 33.35540 126.47690
WEo M2 BU 1,846 11,152 33.36214 126.53326
Algte 247 M2 BV 1,305 10,516 33.37089 126.57041
TEE R L3 BW 16 2,022 33.35126 126.85787
FAR L3 BX 139 5,183 33.37092 126.79196

DWetland types were assigned based on National Wetland Classification System (H1: human-made lakes, L3: freshwater lakes and pools, M2: fens, M4: swamps).

? Abbreviations means 50 survey wetlands used for cluster analysis in Fig. 3.
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Abstract

This study investigated the fish fauna of Jeonjucheon and Samcheon Streams, flowing through

the city of Jeonju, through surveys conducted at 10 sampling sites using kick net and cast net. The fish fauna
collected included 10 families and 36 species, with a total of 2,064 individuals. Samcheon had 8 families
and 30 species with 1,074 individuals, Jeonjucheon had 8 families and 26 species with 986 individuals. The
dominant species was Zacco platypus with 1,202 individuals, and a total of 153 individuals of the subdominant
were Pseudogobio esocinus. In Jeonjucheon Stream, a total of 567 individuals of the dominant species were
collected as Z. platypus and 99 individuals of the subdominant species were collected as Pungtungia herzi, and
there was no significant change in the stream environment except for the confluence site. Further expanded

research covering the entire Jeonjucheon and Samcheon Streams region, accompanied by regular monitoring,
is essential to record and understand fluctuations in fish fauna.

Key words: fish fauna, Samcheon Stream, Jeonjucheon Stream, stream in urban area
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Jang, 2002; Hong and Song, 2003; Lee et al., 2007; Lee et

9loy w2 @3}k (Chae et al.,
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al., 2008). L2t} 2000t =&F =719 2o HIF &
A F7HE 447 AR Aol AFHoE FAEY
I, AFAS F$ 2000~20029 HFH FHuEH 4
A GRARAA OF 72km 771 AAY A 244
& AFoE HUBZ BUA, HAH FA, 2013~2016
W AR 1% 3 A Sol AaAFTh APHL 2001
3 At BAAoR ARTEE SAYAAA oF
8.05km F7ko] AH ol& 24, FUMMAM B WA
Ho| EYEUT, 2014HREE AYHEE AFH AR
Rof o2t 9.8km 7k AESHA HAtdo] WA
ATHUERC, 2014). AFHY A9 A o] F FErhey
o] Z7kste] U B YRAA S5AlE HRE Yk
(MOE, 2002; Shin, 2004; Park et al., 2009).

HEAY oAb B AT HUAY o)A Kim
and Kim (1975), Kim and Jeong (1994), Kim and Lee (1998),
EOSJ (1999) 5-0] 11, BAAIY o] 2= Lee et al. (2008),
Park er al. (2009)°] 23] A= ek A Y| o} 742 Kim
and Lee (1998)T} Lee et al. (2008)°] &J3l A=At 2
U AF AWE #Fshe 7 sk EA44 IAY v
wste] offAFo] WSt Aoz AFEHUL, 53] 4HH Y
Zholl it A= TA 47 3] gt &

< Tk Ok 2 d3s AF

oFsta, 7|129) AT Ao} vjmale] HFA 2
Bt 7% A2 AN Aeh A HlmE

1. ZAL XA

2 2ARE 2020 6€FEH 108714 A 570 A1-E (SC
1~SC 5), AFA 57 XA JIC 1~JIC 5)& T3 £ 10
A AN AASFAL, ZA= ST AR W 2y o
£ 7|28t A8t 250m HYE 2 500mA APES
o} A} 71702 20209 6€RH 10874 € 134 & 5
3] At on, A2 JFgA 7HE 7k FASH
o ArE E8&5t AL AHH ARFEE SRR
Z+ 370 A AE Q&3 Th(Fig. 1).
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Fig. 1. Map showing the study area (Red spot) and water quality measurement area (Blue spot) in Samcheon Stream and Jeonjucheon

Stream, Jeonju, Korea.
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Table 1. Values of physical factors at each site in the Samcheon Stream and Jeonjucheon Stream, Jeonju, Korea.

Bottom structure (%)

s e wetows by
B C P G S M

SC1 120 15 20~50 10 10 60 20

SC2 150 30 30~80 20 50 20 10

SC3 150 30 20~70 20 60 10 10

SC4 120 50 40~100 30 10 40 20

SC5 180 30 20~50 10 10 10 60 10

JIC 1 100 30 30~60 10 30 50 10

JjCc2 80 20~60 20~80 10 20 10 60

JJC3 80 15 30~90 10 30 10 40 10

JjCc4 70 15 20~60 10 20 20 50

JJC5 150 60 40~100 10 10 50 20 10

M: Mud (<0.1 mm), S: Sand (0.1~2 mm), G: Gravel (2~16 mm), P: Pebble (16~64 mm), C: Cobble (64~256 mm), B: Boulder (>256 mm), by Cummins (1962)
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Table 2. Measurement of water quality in Jeonjucheon Stream and Samcheon Stream, Jeonju, Korea.

Month
Measurement site Data
6 7 8 9 10 Average

pH - 8.00 7.70 - 8.00 7.90

DO (mgL™) - 9.90 8.70 - 10.60 9.73

Daga bridge (Dg) BOD (mgL™) - 0.80 0.60 - 1.10 0.83
COD (mgL™) - 2.90 3.10 - 3.10 3.03

SS(mgL™) - 2.80 2.90 - 1.70 2.47

pH - 8.20 7.70 - 8.10 8.00

DO (mg L™ - 9.20 8.80 - 10.80 9.60

Jeonjucheon Stream Seosin bridge (Ss) BOD (mg L'l) - 0.70 0.60 - 1.20 0.83
COD (mg L™ - 3.90 2.90 - 3.30 3.37

SS(mgL™ - 4.90 2.80 - 2.00 3.23

pH - 7.70 7.70 - 8.70 8.03

DO (mg L™ - 7.60 8.70 - 11.90 9.40

Garyeon bridge (Gr) BOD (mg L™ - 1.50 1.40 - 2.70 1.87
COD (mgL™) - 6.40 5.40 - 6.60 6.13

SS(mgL™) - 5.80 14.20 - 9.90 9.97

pH 7.50 7.60 7.50 7.70 7.90 7.64

DO (mg L™ 8.90 8.70 8.40 8.00 10.40 8.88

Sinpyeong bridge (Sp) BOD (mgL™) 2.10 1.20 1.60 1.30 0.90 1.42
COD (mgL™) 5.80 6.00 5.60 5.20 3.60 5.24

SS(mgL™ 10.20 6.20 12.80 9.00 2.80 8.20

pH 7.60 7.80 7.80 7.80 8.20 7.84

DO (mgL™) 8.70 8.60 8.10 8.00 10.30 8.74

Samcheon Stream Idong bridge (Id) BOD (mg L_l) 2.80 1.40 1.20 2.30 0.90 1.72
COD (mg L™ 8.70 7.50 5.80 6.30 3.80 6.42

SS(mgL™) 27.40 15.20 23.00 22.00 4.00 18.32

pH 7.80 7.70 7.80 7.80 7.90 7.8

DO (mgL™) 8.90 7.90 8.60 7.60 9.30 8.46

Seogok bridge (Sg) BOD (mg L™ 1.90 1.60 1.40 1.70 1.10 1.54
COD (mgL™) 7.90 6.90 6.20 6.80 5.10 6.58

SS(mgL™) 17.60 14.00 27.40 25.60 4.00 17.72

Samcheon Stream: Water Environment Information System, https://water.nier.go.kr/
Jeonjucheon Stream: Jeonbuk state Institute of Health & Environment Research, https://jihe.jeonbuk.go.kr/

TASAY ARE F&otY HlastEe o AFA
24 M9E 7.6~119mg L7'E 449 DO 34 9]
7.6~104mg L' v]8] =7 A= on 420 ok
g Aoz Yepgth A4S stF itz 445 BOD
COD ¥ SS9 SA4ghol S7hetaL, =4 73 ol
(Id)&}+ A3 (Sg) 1A 2] BOD2 COD ¥ SS¢| 247k
= 2 Aol7t %tk AFHY +ASHYARE S RE 2

2 BOD$} COD % SS9 Z4zto] Z7tstg o, A
Hléﬂ 3} Fof A glrh(Fig. 1, Table 2).
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AT A2 1070 Ao g 53] 2AME T 45 10
7 36%F 2,06070A4 &) o] F7F QA E Atk (Table 3). 7
T 7€ YolF(Cyprinidae)7} 22F 2 7HE 2 &9

HEE BQ, th2oz AL} (Centrarchidae), 2

A2} (Centropomidae), 1323} (Cobitidae), A 2t
(Odontobutidae), H5=0]3} (Gobiidae) 2&, $AMH] I (Adr-
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Table 3. The list of fishes collected in Samcheon Stream and Jeonjucheon Stream, Jeonju, Korea.

Samcheon Stream Jeonjucheon Stream
Family Species Total RA
SC1 SC2 SC3 SC4 SC5 Total JIC1 JIC2 JIC3 JIC4 JIC5 Total (%)
Cyprinidae Carassius auratus 3 3 13 17 8 44 1 5 9 12 22 66 3.20
Cyprinus carpio 1 3 4 4 8 12 058
Acheilognathus chankaensis 1 1 1 005
*Acheilognathus koreensis 1 1 1 3 3 015
Acheilognathus lanceolata intermedia 2 1 3 3 015
Acheilognathus rhombeus 8 4 15 15 073
*Rhodeus uyekii 8 199 8 0.39
Gnathopogon strigatus 2 2 4 2 1 5 024
Hemibarbus labeo 1 1 1 1 005
Hemibarbus longirostris 5 2 5 1 13 1 9 22 1.07
*Microphysogobio yaluensis 1 1 1 2 3 015
Pseudogobio esocinus 8 2 71 59 140 6 1 13 153 743
Pseudorasbora parva 2 2 2 2 0.10
Pungtungia herzi 5 7 12 24 34 31 12 10 99 123 597
*Sarcocheilichthys nigripinnis morii 1 1 1 005
*Squalidus chankaensis tsuchigae 3 3 3 015
*Squalidus gracilis majimae 1 1 1 67 1 2 0.10
Rhynchocypris oxycephalus 8 8 11 11 11 19 092
Opsariichthys uncirostris amurensis 1 1 5 5 6 029
Zacco platypus 70 298 56 158 53 635 48 64 234 22 1 567 1202 5835
*Zacco koreanus 17 16 1 13 36 36 175
Hemiculter eigenmanni 7 7 1 8 039
Cobitidae *Iksookimia koreensis 13 8 1 22 2 3 4 4 17 14 36 175
Misgurnus anguilicaudatus 1 1 3 5 4 16 5 10 049
Siluridae Silurus asotus 1 1 350 1 005
Bagridae *Pseudobagrus koreanus 6 1 7 4 4 10 17 083
Adrianichthyidae  Oryzias sinensis 47 47 47 228
Centropomidae *Coreoperca herzi 16 28 11 55 55 267
Siniperca scherzeri 1 1 1 005
Centrarchidae **Lepomis macrochirus 5 3 1 19 28 6 73 101 4.90
**Micropterus salmoides 3 2 7 5 17 11 28 1.36
Odontobutidae *QOdontobutis interrupta 6 4 7 4 23 1 2 3 26 126
*Odontobutis platycephala 2 3 1 1 1 4 7 034
Gobiidae Rhinogobius brunneus 2 1 3 1 14 17 0.83
Tridentiger brevispinis 1 2 3 3 015
Channidae Channa argus 17 17 17 0.83
Number of species 10 13 18 14 14 36 9 10 16 10 16 26 36
Number of individuals 101 35 120 343 154 1,074 126 150 288 72 350 986 2,060
*: Korean endemic species, **: Exotic fish species

ianichthyidae), $A}7 I} (Bagridae), 7}=X] #} (Channidae) (Table 3). & ZA AL SC 55 A|Qst BE Ao A T
% o 7] 32 (Siluridac) 15| Z@ssct ehulzh S shsih. setul WA W7k W cheRt

AA LH2L 1,202704) (58.35%)7F AR E T &}n)
(Zacco platypus)= WV, oF -3 F-2 153704 (7.43%)
7} AA-E R FA] (Pseudogobio esocinus)E YEFGHTH

A Ao F3Ho] et ol FE LA e (Nam
et al., 1999; Kim et al., 2005; Baek et al., 2006), A1}
HAGME -t AAsle= Aoz A=t H
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Table 4. The dominant, subdominant species and fish community indices in Samcheon Stream by sites.

Sites Dominant species (%) Subdominant species (%) Dominance  Diversity Eveness  Richness

Zacco platypus Pseudobagrus koreanus,

SCl1 (69.3%) Odontobutis interrupta (5.9%) 0.752 1233 0.536 1950

sco Zaccoplatypus Iksookimia koreensis (3.6%) 0.874 0.806 0314 2.043
(83.7%)

Samcheon Stream  SC 3 (ng‘;‘(’%”)l“’y” " Carassius auratus (10.8%) 0575 2.032 0.703 3.551

SC4 (ng"i?%’;l“’yp us Pseudogobio esocinus (20.7%) 0.668 1.656 0.628 2207
Pseudogobio esocinus

SC5 Zacco platypus (34.4%) 0.727 1.667 0.632 2.581

(38.3%)

SC 5= B FA7F -t =d, oh2 A -l vjs) a4
o] ulgo] maAs} 60% AER ot mA} e AL
Aoste BFA S &4 HEo] 3831%2 A UEd
Ao 2 AZFE ThH(Kim and Park, 2002; Kim et al., 2005).

2) &t

ZAZE Bob & 4% 837} 30% 1,07470A17F AR
L E2AT oFE doit 19%, v, FAE T, HA
g3}, gEol3t 2%, w7| =, FAN A SAE T 150191

iy

2 2AIA A4S =)zt 635704 (59.12%) 2
AR, ZIHFEA7F 14070A) (13.04%)2 oF-H3HA
o AR 79 SC 1, 29|14 = oo WEEte] WS
(Rhynchocypris oxycephalus)tt 3Z 7\ (Iksookimia kor-
eensis) & AT VAE ATt ofFo] AP LA,
AW7t 938 3tE Qo WHL4E o] Z7)s}
A o] fgasty, ¥ Aol & IaE o E3 5}
so] male} Kl Wgol FATAL, ol B
HolZ 3 F-o] (Carassius auratus), R FX], 250
(Pseudorabora parva) 52 2@ RZ7} $713t A2 A4
ZHEth AHd 29 7Y +F B4 2% =4 fAgE
st e tgEe FHRE7 ARl Bl o %o
o, & 7 B2 SC 394 g 2 FH= 242 0.703,
3.5512 7Hg E8kth(Table 4). ol ¥ =ot FHE= 7
0] BT 5-20] o} ARY o Fo| LU &
SHe AR Aol e, Rl o, 4712 §9)
o) BT ChFE A7} Buslo] Thopat o] R A]4o]
ettt S8R 2 deE =4 Yehr] fiZoE 47d
T} (Choi and Kim, 2004; Lee ef al., 2008). HE+= SC 2

e o

oA 7 =4 SRR, ol HFE gtv] g A
7t B ool vl uj-¢ wol] HHE A2 AYZrErt
A5EE SC 394 2.0322 7F &3tk A F kol o
3t 34 dFZ2+= Kim and Lee (1998)2} Lee et al. (2008)
o] o, z+z B A3 23l SC 3, SC 13 LA|3h=
A o] EAste T2 Aol disto] Blwstgtt SC 1
< ZA Hg F 4= 3F0] FAsIHLeH, SC 3L 159]
Z7}3F4 Tk (Table 5). SC 1 201449 AEfshd EAAY
g F7tolH, A ¥8F2 NEHARLS (Tridentiger
brevispinis), o}$-H &2 detu|g oy A= gtn|zt
oy YUEAAYETL A5 5 AL AR AR
=2 oot shato] W S Ao AZtHE. g
Kim and Lee (1998)= 2001 A EHALY oA ¢
T ZAxolw, SC 3 AHY A s 2 et A4
2 o|FoA UL fF&Hol = HEdE7H0] (Rhodeus
notatus) & ‘dAFoLL o] Fo] sk o A &
ALY o] A= o] A= o] E1 ALR
vl = 5 o] Bk, o]of wE oFA JAl ¥
37 Q" AR ABZtE

ZAZ|ZE B F 35 83 26F 9867HA 2 o] F7T A
= ¥oiF doi 14%F, m 3, 5
g3, A 2F, AN, EEo
I} 150] FRIFH AT
AFAd A gzt 56770 (57.51%)= A8t
3, E317] (Pungtungia herzi)7} 997§ (10.00%)2 oF-F
shglh AFH O AL JIC 1~4 AA7A L 3k Yol 3
7ol A= & W3t glo] AR, TebA AR
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Table 5. Comparison of fish fauna by Samcheon Stream through comparison of advance research (1998~2020).

Family Species

SC1 SC3

Kim and Lee
(1998)

Present study
(2020)

Lee et al.
(2008)

Present study
(2020)

Cyprinidae Carassius auratus

Cyprinus carpio

Acheilognathus chankaensis

Acheilognathus macropterus

Acheilognathus lanceolatus intermedia
*Rhodeus uyekii

Rhodeus notatus

Gnathopogon strigatus

Hemibarbis longirostris
*Microphysogobio yaluensis

Pseudogobio esocinus

Abbottina springeri

Pseudorabora parva

Pungtungia herzi
*Sarcocheilichthys nigripinnis morii
*Squalidus gracilis majimae

Rhynchocypris oxycephalus

Aphyocypris chinensis

Zacco platypus

Hemiculter eigenmanni
Cobitidae Cobitis nalbanti
*Iksookimia koreensis

Misgurnus anguilicaudatus
Bagridae *Pseudobagrus koreanus
Adrianichthyidae
Centrarchidae

Oryzias sinensis
**Lepomis macrochirus
**Micropterus salmoides
Odontobutidae Micropercops swinhonis
*Odontobutis interrupta
*QOdontobutis platycephala
Gobiidae Rhinogobius giurinus
Rhinogobius brunneus
Tridentiger brevispinis

Osphronemidae Macropodus ocellatus

O O O

o
O O O O

O O O O

o

Number of species

*: Korean endemic species, **: Exotic fish species

JIC 394 2.6492 7} &=kt o]&= JIC 39] JIC 49
ula) W Foeoh A7} BIE GO, C 3014 T2k
o7} 813%9) W& AN ATz AzEeh AR
SHE G 1IC 3004 08542 744 E9k1, etu]e] o
Fo w7 248 A0 AZETHTable 6). A 73+
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Table 6. The dominant, subdominant species and fish community indices in Jeonjucheon Stream by sites.

Sites Dominant species (%) Subdominant species (%) Dominance Diversity Eveness Richness
Ic 1 Z“C(C;S{’ff%gp us P “"‘ig‘%‘;’) )hem 0.651 1.579 0.719 1.654
5c?2 Z“C(‘Z’Z’.’;f;]’i””‘? P ””f’ztz"o’f%‘z )h”Z" 0.633 1.550 0.673 1.796
Jeos“g'r‘;‘;:on JC3 Z“"(Cglf’;‘gp“s Pung Zf’zg;o“) herzi 0.854 0.912 0.329 2.649
1IC 4 Z“C(C;O{’é%p us Rhy ”Ch“{f 5”; ;}’;y cephalus 0.458 2.009 0.873 2.104
1Cs Z“C(Cg’()’.’glf%” us Lep "mﬁ gffg;;’ch"’“‘ 0.760 1.516 0.547 2.561

FHE~FHD)o] et BA J2E HusHS o, AF
A AAE sk EYAdo] AAE 20021 0]ZQl Lee et
al. (2008) o] T2 o7 9] F £7} F7HstAoH, A A
2 315~ 7|7bo] Z7}8t Park et al. (2009)9] 4] 33F 2.2 7}
& HE T 7 QA=A FHE Park er al. (2009)9] A
oA FEEHE= T2 7" SAE=S A7 A=
A gtk SAE Y AL R 2 AAYE A (Park er al.,
2009)7F SHHE AR A ATOE B AT RA}
A1} 2]zt Qlo] A=A g2 Ao g AzHE. 4
o] AL FA o]l AA 7L SRk A AR 7E AR
A F-sHRR7HA] WOl AT HuEglo), 2 Aol A
A=A Foked, A7 IHE (7HeE) 2F wet
P #907F A 2 Htsta, A8 7|Ttel 7k S5t
HHEEHA 2 ZAAE ERIEA] 42 Ao HHE
o] 3 o|FAF AL BEHo R ERIT BTt Qirt

2 £

AR A= 30F 1,07470A1, AFHAA = 265 9867
A9 77 AHE NG ST F b 2F |
el o, 49 ol HFL e RX], AFHY of%
AEL 7|12 FRIEHE, ol= Y A &
Zpol & utotE|gith AHd AR #2
BOD % COD, SS7} @A &3 =L, dFe o2 &

29 A9 Yo AT AAT TR B %

dol AastA Hu, 22 Qs 27 (algae)7t FFHA
= 5 Holake 72, AHAY olvA] 55 9 A4A W
3t 59 §2 EA7F HAE o] HH AT wgtE= Aow
&3 A 1t} (Carpenter and Kitchell, 1993; Garcia-Berthou
and Moreno-Amich, 2000; Takaharu et al., 2015). 252 o]
Aol E243}) vjA 9 Hx &4 7|=L Park er al. (2009)
o] AFolA A5 71E8E U LeH, 2003 A2 HH
B Aoz SIE T} Park er al. (2009)2] AoAE= A
F49 st 7 F YAE AZoN EFA3} wjATE
o REReH, 2 A= wiaet EFD 2R 4
A A A7 D JIC 3, 5904 thpzt AR E o] A4 HY
o= lglo, 200349 °]F2 SFAT wjA7t WA
T} O] A4 AR HAFT AL AT 4 AT
AL go] AR Hla) Hof B2} wre o]F
Alo] AFHof Hlsl U3 (Kim er al., 2005) 4t
7ol AT FolArAe JTE U Y Ao

Ir

Ll
AF

oE A w2

Zret), AR AFA s FEHE AZoA AF Arst
I A 5 Slgedts WA AIE At Qe
(NPRI, 2020), Q134 Ao Y& Sdjste] AaPst
E 5 AHAZIRES] MAs} EX H7 soiuA
BA A7)l 7t asie)

o
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Table 7. Comparison of fish fauna by Jeonjucheon Stream in urban area (Hanbeokbo~Chucheondae) through comparison of advance
research (1975~2020).

Present
study
(2020)

Kimand Kim Kimand Jeong KimandLee EOSJ Leeetal. Parketal.

Family Species (1975) (1994) (1998)  (1999) (2008)  (2009)

Study period (year) 1 2 1 4 1

Number of study points 5 (Dg-Se) 2 Dg-Se ! 4 >

Number of sampling times 5 24 3 16 5

Cyprinidae Carassius auratus o o o o o
**Carassius cuvieri
Cyprinus carpio o
*Acheilognathus koreensis o
Acheilognathus lanceolatus intermedia
Rhodeus notatus
Rhodeus ocellatus
*Rhodeus uyekii
*Coreoleuciscus splendidus o o

O O O O 0O 0O O O O O

Gnathopogon strigatus

Hemibarbus labeo

Hemibarbus longirostris
*Microphysogobio yalyensis

O O O O O

Pseudogobio esocinus
Pseudorasbora parva

o

Pungtungia herzi

O O O O 0O O

*Squalidus chankaensis tsuchigae
*Squalidus gracilis majimae o

O O O O 0O 0O O O

Rhynchocypris oxycephalus o
Opsariichthys uncirostris amurensis
Zacco platypus o o o
*Zacco koreanus o
Hemiculter eigenmanni o
Cobitidae Cobitis nalbanti o
*lksookimia koreensis o o

O
O O O O O O

Misgurnus anguillicaudatus
Misgurnus mizolepis
Siluridae Silurus asotus
Bagridae *Pseudobagrus koreanus o
Amblycipitidae 4 *Liobagrus obesus
Osmeridae Hypomesus nipponensis

O O O 0O 0O 0O O O O

Centropomidae ~ *Coreoperca herzi o
Siniperca scherzeri
Centrarchidae  **Lepomis macrochirus
**Micropteris salmoides o
*Qdontobutis interrupta
*Odontobutis platycephala o o
Gobiidae Rhinogobius brunneus

O O O O O O O

Tridentiger brevispinis o
Channidae Channa argus ¢

Number of species 12 2 8 5 12 33 26

*: Korean endemic species, **: Exotic fish species, 4: Endangered species
Da: Daga bridge, Se: Seosin bridge
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AAR ol gHI Jint. 2y AR AR Wl 1¥
A & BEAge] AGHoR AYPHT A, o] T
A&sHA olF 2 W} gls AoR wekd). net
A S sHSl tiRt B71A QA o7 WSt o &
Pt Baste, AFGEY] Y7 21 =4S 2L 54
o) 544 Agstru 227 Sl RY4HAY 54
o Ao AT THsAdol AL BR ofof whE Ty

7 Basit B8 B 2 AF BAS BESHE A4
W AR AR P Fastel 2AE ABH YO

A5 BE7IMYE A7 139 BAEs BAE g 5
QT AFHT A AYF T o] F WA
o2 fYEt 37 AW ZHA B 299 olFY
of Bah o AT ABE 9L 4 U AOT AL

5 O

¥ 2
W7 AgE BEstel sEE AR A ofFa
A3 5 Shot =

& A3l Hsl & 107 S A
< o] g3te] ARSI £ AFE 45 107 36%F
2,0647 A o]tk Ao A 45 83t 30% 1,07470A], WA
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wgto)2 & 1202704 (58.35%)7F AR AL, oF-H
o RAFAZ F 1537HA) (7.43%)7F HHE Ak A4
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St mo), geu] (ZAst SepEAAs et

), FATF (FA AL LY AT o FolAD
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HAA e AU drof £=3E Ay th(No. 2019HIDS
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Comparison and Management of Water Purification Efficiency of Artificial Wetland according to Inflow
Water Conditions: Focusing on the Gyeongancheon Basin. Seol Jun Lee (0009-0009-8129-8294), Beomjin Eun
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Abstract

In this study, in order to analyze the water purification efficiency according to the influent water

conditions of artificial wetlands, the purification efficiency was compared at two points where sewage treatment
water flows in and one point where good effluent flows in. As a result of reviewing the results of the analysis of
influent and effluent and the removal efficiency, the T-N and T-P removal efficiency was calculated at 54.7% and
77.4%, respectively, for the two points where sewage treatment water was treated, the treatment efficiency of
SS 90.8%, BOD 51.1%, TOC 30.6%, T-N 38.8%, T-P 55.3% was shown. As a result, the efficiency of removing
pollutants in the artificial wetland was found to be proportional to the concentration of influent water, and in order
to create an efficient artificial wetland, it is judged that thorough review and management at the design stage are
necessary considering that the removal efficiency of high-concentration contaminated water was high.

Key words: sewage treatment water, rainfall runoff water, inflow concentration, elimination efficiency

M =

STl AlFE = B A EA B et HE Al
532 ‘HIHegUY] AAANTAE of ATt Fufjol @
< HH L AR o] BAHTH(MOE, 2016). B 2-H
AFAELS FA BAR AT} AHdE A= 2RE, AL
7he) AAulg A& FAE 7 Bag A WA
i°“‘7ﬂ7“\l”“l"it} F|agte] Ao A Hyet

Foohs AFEAI B2 AATF AL A7 A
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I 1t} (Kang and Lee, 2016). Q155A= HH L GA A
A 5 SR, 29 22 A AES 53l FYERE A
A But ol I EAVE He 7|1SHEet EXo]E
o] 13l W ZA9 sjdole 71T 4= = AHHE
A 7|golghz HolA W AT % 7|s7do] AU
(Park and Cho, 2023). $X|& 0] &3t =3 A37|&L 1970
dd o]F w=E A= NEEeH, AoAe AdF
FAE ALt opye} viH e g Aof o]-&ssich
SEuEte] A 19909t E (AT sHHR e o
gk 3ol EolxHA 2010dT] 24 A HFTFA Y] =
Yo HFH oY A AT Arled A 2 B A
8 A|go] A ol ToIALh (Park ef al., 2019). oI A}
o 2 22 2 1 FASIG SRl e 4
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A By So7 AdY A3re o] BoEA I BE FARARE B8t F 7574 v FAGAAL
SA9] A e FH=E B ZIeido] A I F 237149 Aol AAHE YA At fHe F8 A
(KEM, 2003). A2 st YAlole & 23709 Hde@AdAd &
ATsAE SEAHA & AV EqHo= J4 12709 AFEATE AAH Ank(Fig. D). YA 127 ¢
ol o] 8 A AW T oS 2okl A8H  FEA Ot ARRARE AAE 74 SA] o HiE S4e
I glen, SA7F A ettt 71 883571 91 Table 19 AlAISHAT
sto] AfF oz 24T FAE Tth(Lee er al, 2015). 5 ARRAE HRC R 84, B84, A&, 52849
A3 e dd AdE s 2AE TS Y AAF B7E 7120l wek FHRA dEEA 3 (Y-1, Y-2,
HolM Q) 7153 FHEo] SABIAL Aok sHAR FA) Ul Y-3)E ARSI $84 FE2 YR #4444 T8
ArMe sk BRee] A, wdule 9 vHed
o S Z2 A= LR (EitE) A2 193 EEl
e A Aot go] il =4 wE dFEA A

olofl wat B AZAE 20224 119 7% A7|E 753 [ Wetlnd -7 S
o v AN F ATEAE T M Hol wHed S 2]
AZAIAde] AXE YA A 195 SHeE i+ 2 BN Wotiand -4 | v‘ el Wetland - 3
Ao W2 JstaE-S v|wstrz} gt g (v-1)

2 Yshag B 274He A7) Wad Ao AmEg o'}
(Jung, 2006). E&}, AFEA Ae] AL U5 E4L . A
HlEsle] G W §5F SURE A4 S ge acld S

ofa) ek W] BRe] 9945 24 B2 AFaA A
3ta8S 1S Fart oty BHETH(Choi er al., 2014).

Wetland - 1

e A Sy

1. ZAK] 71

2 dAtolMe 7= Wl vFLAAAAALY A RAE Fig. 1. Location of constructed wetlands in Y city.

Table 1. Results of investigation of artificial wetland characteristics in Y city.

Processing  Facility

Site Inflow water Slze aZ.rea Fac111t}21 capacity capacity Inflow Flow state Discharged
m”) area (m”) (m3 day_') (mg) system stream
Wetland - 1 River water - - - - Pumping  Intermittent flow C stream
Wetland - 2 River water - - - - Natural Periodic flow G stream
Wetland - 3 Sewage treatment water 37,558 19,443 10,000 9,666 Pumping  Intermittent flow G stream
Wetland - 4 River water 9,955 3,256 1,123 977 Natural Periodic flow G stream
Wetland - 5 Sewage treatment water 36,021 22,484 20,000 11,919 Pumping  Intermittent flow G stream
Wetland - 6 River water 6,145 1,908 2,780 954 Natural Periodic flow G stream
Wetland - 7 River water 3,973 1,207 2,500 853 Natural Periodic flow G stream
Wetland - 8 River water 11,465 5,830 5,000 3,068 Natural Periodic flow G stream
Wetland - 9 River water 23,271 9,727 8,200 5,394 Natural Not flowing G stream
Wetland - 10 River water 32,670 15,097 8,500 7,977 Natural Not flowing G stream
Wetland - 11 River water 8,063 4,964 10,000 3,175 Pumping  Intermittent flow G stream

Wetland - 12 River water 24,441 3,881 4,719 2,142 Natural Periodic flow G stream
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Table 2. Results of evaluation for selecting intensive constructed wetlands.

Site Importance Usability Sustainability Efficiency Score Rank
Wetland - 1 A ) A A 4 6
Wetland - 2 @] X @) o 8 4
Wetland - 3 (@) (@) @) (@) 12 1(Y-1)
Wetland - 4 © o A o) 7 5
Wetland - 5 (@) (@) o o 1 1(Y-2)
Wetland - 6 © ¢} A o 8 4
Wetland - 7 (@) ¢} ¢} (@) 10 2(Y-3)
Wetland - 8 @) ) A ) 8 4
Wetland - 9 @) o) X A 7 5
Wetland - 10 © o X A 7 5
Wetland - 11 @) © A o 9 3
Wetland - 12 @) [¢) A A 8 4
©: 3 point, O: 2 point, A: 1 point , X: 0 point
AL 1R en, &84 =9 | AELF 7| Table 3. Hourly precipitation at point Y-3 on July 4~5.
= 3 -1 A} 3 -1 A} 3 -1
£ 5,000m” day™ ©J4F, 2,000 m’ day”™' ©JA4, 700 m® day e o Hourly Cumlative
oA} W o]l &9 FRE FA0F HrEith X&A4 ! precipitation (mm) precipitation (mm)
P2e 4 ARE oA B0l 27 JFL WA YT A - ; .
SR H4T 4 Y FRUNE VB2 B 1300 0 0
FAHLRE AAFY TEOIWA A& o] s 14:00 0 0
729, ¥R AT YRl AL A %ol HAHT 9 15:00 6 6
o 7%, 2|1k BRI b ofele 4, 16:00 5 1

- _ - 17:00 1 12
ssro R felol el A4S U 4 L FEE TS nyan ) o
o] Wtk H A TR A9 SX|o) diF YR AR} 19:00 25 145
Fggetal glo] o9 AR FFE wE =7t 20:00 11 25.5
WA % AR A% §o1H 5L /1E0 2 WeHshLt. of 21:00 75 3
2 vgon U2 O $4 MRS o P 3HL 22:00 03 35
wEoR dioke AR, FEE IR wret o) 2300 ’ 0
% Adsiha weEd 34, Ageittal AdEE 24, e 0:00 0 36.5
o A% 14, APty BerEY 0902 A4S A4S 1:00 35 40
o} 339 FA(Y-1,Y-2, Y-3)8 AASIACH(Table 2). 200 235 63.5
July 5th 3:00 4 67.5
2. SARIEAL U AR ®3 4:00 1 68.5
_ 5:00 0.5 69
NAE FURA B S99 AATES THersA 23 o0 ; o
9 7~94 5 3329 SHAF A SRl disl 2 23] 2A
£ A skeAE et FUEe Y-13 Y-2 A
Tuvle 19 B4 QUAASTI BRSO 27 308 (A0R 73] 449 T 4B APsielct
0.96% (24A1ZF 7]& oF 23A17b), 0.56 Y (24417 71 °F 13 5 &S AYshe Y3 AR A Al 34 A
AZhE AFAREE AR AFAES 123 a3 Fatgon, 7t AR AIZHRE F2E wj7bA] YA
o 99l 9 955 Y4B AW Sls) BIAM AEAA A A ke A 2 2

£ Higes 3715 ERlstlort 44 Akl 2551
o Ao mlolal i, AR A A HEIFEAZMS As &



FA19 75 2 BAY e Al fE0] HAEE ¥ 7
Fo 8 AR} aNE Prlske Ao] FR3HH(Kim er al.,
2017). wha] 7|2 o2 F3R A AASIL )& 10mm
ool 79 EAS R 27|94 &5l did A
&S HASA B3 SeuEt e BAS st 10

mm O] 7F-9-Age] tiet 2A} 0B A5

mm O)FellA FEo] AL o ARE 3 o= 73]
AFAHE st ZARE X6ttt

F7HH R AN Aol A FFE P U= 8
a7]go] A8 AR (Y-1,Y-2) H 73+ 712 A7 st
AR A5 T FESS FASH

o=
7

s

7
l:l
“15

F[(‘
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Table 4. Hourly precipitation at point Y-3 on September 13~14.

Date Time . Hoquy Cgmlg tive
precipitation (mm)  precipitation (mm)

8:00 0 0

9:00 0 0

10:00 0 0

11:00 0.5 0.5

12:00 35 4

13:00 1.5 5.5

14:00 1 6.5
15:00 4 10.5

September 13th

16:00 4.5 15
17:00 35 18.5

18:00 7.5 26

19:00 4 30
20:00 35 335

21:00 2.5 36

22:00 1 37
23:00 0.5 375

September 14th  0:00 0.5 38

Table 5. Analysis equipment and method by parameters.
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NE BHe AR2yYes
o] Table 59 Zo] #4433t
temperature, EC, DO)2 &t& th&E3]
A329; Thermo, USA)E 0] &3t @A oA 58 T =A]
2435193, AWSAIE (BOD, TOC, SS, T-N, T-P)2 &
A 2L FEAEEE B3 A F APAUR 2uksto]
22 @ HFAAE 7|2 (MOE, 2022)] wat A5

gis

aj
=

=k

za} Ink3

=
SRz A SA0l digt £35S ATE Table 6
7} Table 70 Yebllch Y-1 287} Y-2 A HS 3%%%’%
7t frdEE AHeRE, 499 EC7F %o AFEA
£ AAEA Haste B Btk £ F949 DO 5
L7t ol A Hashe AES 2o A HellA &
olvb= AESHA A8 42 A JHx dTE st ARl
A Zo] BAE]o] DO =7t agh Aoz At} §H
Y-3 AL shg7F felEle Ade R, ok F 2Tt vt
e AFE 2ok U EC #ho] BAT & A
YR Frlete S Blen, DO 5% RV R F
7Vt A¥E B ole Y-3 A Y f4+9 EC 5=7t
W1, FAE AXUA o] B vr7t FUIRE Aem
woEe Hoh A2 M3 {94 2400 oE AYag
 S4FES2] 23} (Tables 6, )& vl
o] EA 513t

1.Y-1 QZSRI0IMe] 35t S

Y1 AR 123 2ARE B9 Al SR g7t 595

Parameter Measuring instrument Method Site

Water temperature Multi sensor meter (Orion Star A329) Glass electrode method Outdoor (Field)
pH Multi sensor meter (Orion Star A329) ITon elctrode method Outdoor (Field)
EC Multi sensor meter (Orion Star A329) Ton elctrode method Outdoor (Field)
DO Multi sensor meter (Orion Star A329) Elctrode method Outdoor (Field)
BOD Incubator Winkler-azide variation method Indoor (Laboratory)
TOC Total organic carbon analyzer High temperature combustion method Indoor (Laboratory)

(TOC-V CSN, Shimadzu, Japan)

SS Electric muffle furnace Fiberglass paper filtering method Indoor (Laboratory)
TN UV absorption photometry (220 nm) UV spectrophotometer method Indoor (Laboratory)
T-P Ascorbic acid reduction (880 nm) UV spectrophotometer method Indoor (Laboratory)
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7Y = M2 ASEA +E H

= ARl Ak @Alfs}iit}. AL A3, et fE25
BEEs vustgE o #7122 9 SS9 AEE2 |
A9l 22 BE Qg Y] fE5ETE 716l 20 B
%E‘_l HHH TN, T-P 5] tfgt xiali°£ & A=
3 Eﬂt}(Table 8). SS @59 B¢, shpAi 9 %’ *o
OMZ# S AR s874 YAERS tH & Al7ASHL S

2 Rstel fU=7] el $x]9] Aa-golt %Mj
&ﬂ S84 YAEAE A7k 714 4ol AA &

2311 Bt A, glLo] &2 W A= A0 HAF7
U iielM AE QA= o] fEl ZoEE B9t
o} SS F=7} 7k AL & AARHTH(Choi et al., 2008)
BOD #E2& 4940t 549 $E7t o $34d A

sl2E Hlul: A

A2 Aoz 33

TS Aoz ddEth 529 4¢84 e A
B2 Sof 93] AA7} s A Eets 11y
oA Z7}3t SSEAo|= BODA B4 % Z3tE o] 37| o
ol 3715t Aog AlRHE TOC B EE 4449 425
o] Ptgmrt & ApolE HolA| ggken, o= HA] ollA
BOD $HFEAo] QAE 24 9)]]‘?}, TOCE F7H17l= W
§71%0] WX o] R Ao A=Hrt
HHH T-N, T-P 8] thafs £719 Az ago)] A
o2 & Yeiton], TP 3¢ 13 A} g2 23} 2
Aol A &) E&=2 YERET), ol 12k A} A] 0.188 mg
L9 894 B35 571 23 ZAF Ao 0.035mg L™
2 golA AAFLo] BAas Aoz Algdch B3 23} 2

HAA

2AE oW, 0|9} TL Aif= 5 F SS l"—E«] FE AA AN B 2A g vE o e JPA, 5
BOD Efficiency (%) SS Efficiency (%)
L e B0} o
A00 -~ . #00) servassise s s G I sy
200 mmrmirmm . ~~~~~~~~~~~~~~~~~~~~~~~~~~ WD) 2o e s e I -------
0.0 0.0
200 -SSR 200 - N
DU EEEE——— 200 S N
7 e SESISEISEPRNIIEISIETIRRA, | S 00 s I T
sl Sty RS e S S e e 800 -
~100.0 Precipitate Wetland Sedimentation -1000 Precipitate Wetland Sedimentation
= BOD 542 409 733 uss -316.7 52.0 526
T-N Efficiency (%) T-P Efficiency (%)
B e e S T e R
400 - 400
o e 200
0.0 00
]\ R e TR R S e e -20.0
S71,Y R ———S——————————— - -40.0
e U -60.0
R:11Y: S - T
d Precipitate d Sed 100 Precipitate Wetland Sedimentation
BTN -106 766 923 aT-P 133 283 135
Fig. 2. Removal efficiency of parameters by location at Y-1.
Table 8. Inflow & outflow concentration and reduction efficiency by parameters at Y-1.
Y-1 BOD TOC SS T-N T-P
Inue (mg L) 1.9 8.5 1.4 3.03 0.188
First survey Outyye (mg L") 2.4 8.7 4.7 1.30 0.106
Efficiency (%) —-29.1 —-1.8 —235.7 57.2 43.6
Ing, (mg L) 23 5.1 0.9 1.8 0.033
Second survey Outyye (mg L") 2.6 5.6 3.1 0.86 0.036
Efficiency (%) —14.8 -8.3 —244.4 52.2 -11.5
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Fig. 3. Removal efficiency of parameters by location at Y-2.
Table 9. Inflow & outflow concentration and reduction efficiency by parameters at Y-2.
Y-2 BOD TOC SS T-N T-P
g (mg L) 1.7 8.4 6.2 3.45 0.088
First survey Outyg (mg L7 43 10.8 6.7 0.53 0.047
Efficiency (%) —155.6 -27.17 -8.1 84.5 46.3
Ing (mg L) 1.2 5.1 1.1 1.78 0.093
Second survey Outyye (mg L7 22 5.7 3.7 0.53 0.047
Efficiency (%) —-77.9 —10.9 —236.4 70.3 49.6
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Table 10. Inflow & outflow concentration and reduction efficiency by parameters at Y-3.

Y-3 BOD TOC SS T-N T-P
Inue (mg L7 6.0 38 303 278 0.189
First survey Outug (mg L) 47 3.1 8.3 1.95 0.147
Efficiency (%) 22.1 19.6 72.8 29.9 222
Inge (mg L) 71 49 214.7 1.48 0.234
Second survey Outae (mg L) 2.1 3.1 5.3 0.84 0.082
Efficiency (%) 72.5 37.6 97.5 43.1 65.0
SS (mg/L) SS Efficiency (%)
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Fig. 4. SS concentration changes and SS efficiency over time in the first survey of Y-3.
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Fig. 5. SS concentration changes and SS efficiency over time in the second survey of Y-3.
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I7F e 2o s waE

T-NZ} T-PE vp7HRA 2§55 3529 HA
A F7Vehe RS Eou fEERY el /s
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B0 BANAE 7ot BAFLE YEon, Y
o2 A FEo] £ BOD SS&F HZPE 1 Fds:
9] S AHoE AA W= ALE Yyt HRkE
S 2 TN} T-P= H3E AR Bov fdske o
£ Aag&s TP7t o 24 FFs Ue 222 eyt
(Figs. 8, 9).
o|¢} #AH AYPA(Choi er al., 2011 A&, AFFA
o FE= LHEE Foio] wopdol wet L dEE A
ElE*E F7Rit= 49E 9l dFSAE Y= 7Y
9] Fro O AHaES Aol AUSS EUF
‘ilt}.
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4 e
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ZAE AT ol skeAE et 2E A - e A2E A
A AFER A7) g2l Hage] AstEn, 53]
TEA W A B 2-gel ) f71gart AAE AL
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© g AtrdEch 2y TN T-PY -9, Y-13} Y-2 X3
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2 B 16.0%% 479% 2 FE5F AAREE Bt &
& B QS YAl A gl F2 gRelA fid &
Ae= 283 Eﬂ—r°ﬂ A= Fdsrle FE9 TN
AR gehdct B3 Qa2
BE A=A 2 79'°1 =goluR Aol sk I
oM ERERAL, 54 U EFElA S22 A2 A
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= 3, §7129] B (259 AY) Al YIRS THT
Bzt okl wEth
Hh spet A Al 27194 RESTE FYEE Y3
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Trophic Level and Ecological Niche Assessment of Two Sympatric Freshwater Fish, Microphysogobio
rapidus and Microphysogobio yaluensis Using Stable Isotope Analysis. Dae-Hee Lee (0000-0002-4701-9409),
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Baek' (0009-0003-7469-7883), Keun-Sik Kim' (0000-0002-2081-2589), Kwang-Hyeon Chang* (0000-0002-7952-4047) and
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Yongin 17104, Republic of Korea; 'Research Center for Endangered Species, National Institute of Ecology, Yeongyang

36531, Republic of Korea)

Abstract In ecosystems within limited resources, interspecific competition is inevitable, often leading
to the competitive exclusion of inferior species. This study aims to provide foundational information for the
conservation and restoration management of Microphysogobio rapidus by evaluating species’ ecological response
to biological factors within its habitat. To understand this relationship, we collected food web organisms from
site where M. rapidus coexist with Microphysogobio yaluensis, a specie ecologically similar to M. rapidus, and
evaluated the trophic levels (TL), isotopic niche space (INS), and the overlap of INS among fishes within the
habitat using stable isotope analysis. Our analysis revealed that the M. rapidus exhibited a higher TL than M.
yaluensis, with TL of 2.6 and 2.4, respectively. M. yaluensis exhibited a broad INS, significantly influencing
the feeding characteristics of most fish. Conversely, M. rapidus showed a narrow INS and asymmetric feeding
relationships with other species, in habitats with high competition levels. This feeding characteristics of M.
rapidus indicate that the increase in competitors sharing the similar resources lead to a decrease in available

resources and, consequently, is expected to result in a decrease in their density.

Key words: biological interaction, genus Microphysogobio, isotopic niche space, stable isotope analysis, trophic
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2t Fo A, REE 25t 5% ado= Ag3it
(Tilman, 1987; Bolnick et al., 2010; Eurich et al., 2018). 7t
AL AAA W 59 A$E S (niche partitioning) & F
o) Sshelo] BEo] 718 & 9wl Gause, 1934) ol
2ok 7t 20| ey 2|92 M} BukElolof 3t} £5
o1 eol wek AolabAl et e Aisle] Wk
Atz o 2 A F3}(specialization)?} YEFS}(generalization)
2 LE=EH(Lynch and Gabriel, 1987). AE3}E A5
2 Hol: EILE (specialist)2 EF FAAET SHIHA &
= 52 899 A A9 Z(niche breadth) WA 54
3t AHYE o] 8sh= W duistE HAEAHE Hole gt
Z (generalist)> THFRE 2ol A A9 o]-go] 7155t
o] 87Fs3t Aol W7t E3KF tiH| Wt (Sexton et al.,
2017). #2&4d4]o]& (Optimal Foraging Theory)< A&0]
oz HHE ikt 4= &= HolE A9d Aolzka 7}
A3}7] W&o (Pyke er al., 1977), T A A] o] (A
3}, dutshe AAste Holdat Hol&E9] Helof u
T2 4 Utk A S0 SHT A4S UERd of
= A offET F2 AHAE Eed, ol
HelolA ofux] aEA Holds FJFHeE 44
e A28 Aol wigd A1dS & 4= AUk (Hayden er
al., 2019). Z+ Fo] A EAE A37HE &2 Hslsl= 84
of sl A Alh=Re Bl 22 YEHAS Al
Abste, PR FL S HIto| et AEStet gyt Atold
A Agzo s A 4 Qe FA8S 7HA B Foll ]
AAY =& AL Vel 7| = Skl (Werner and Hall,
1979; Bolnick et al., 2003).

T BT o] A Wl s e A
SRS AFHLE ofdfstaat 2 HE UL BAS
83t ohdR A ES0] o] FoR|AL Qunh g4 A MY

o

1 fd

(<0
e or

r‘l

o

AL SHHLTE AT HIEE FH o] A7IZE AR 9
oj¢e] HEE F3rH o2 Htydslr] w&of (Peterson and
Fry, 1987; Choi and Shin, 2018), S35 ¥€4 B H
o 722 A zt3}t 9 FYAA Y 40| 7T & ofzt
Z|Z Ho] X2t FAE A-85to] Ho]Ye] ARl 7%
(Phillips, 2012), e} A $JH A (Swanson et al., 2015)°] o
4B FHL o Ao ST 4 Y B
S AR eE ZINA B4 T HAEA sk
Z 42 4 o] 715ttt (Phillips ef al., 2014). LA = A
HA W E4-o4A AY A2 BEFY 22 9
A2 ofulsl] thEo] 4ABA) A 24 g A%
DA 20 2287, 3: A 4 ol oAl Ths St

T} (Carscallen ef al., 2012). B4 - A4 IHELYPLE BT

Ao o]gsto] AR AEjA| YH A A W o3
Eo] AAste FAHA 9X¢F 7153 A8S s &
o, e YU A o] B8-2 T3l AR =S} S A -
T 22 BETAR AT AEE AFH R Frpd o= 9l
th(Andrades et al., 2019). E3], £ X YHA 7+ 3
He Are 4 AEFEY A o8 58, AR U Ad
FTHEES vhgsto] XA 0 B a2 v 2 F
Z AololA TSt BATA F AHHeE delof T
k= £9] A¥o] 73t (Swanson et al., 2015; Pelage et
al., 2022).

E A Microphysogobio 915 A& 0FRH(M. rapidus)
= 28] AMA 13 5ol R2 eluie} 18Eolth(Hong
et al., 2015). §40] WE olgAo] Z2 v mL} 2
2ol 2R W Aol RAEFY 2N TF 452
A4 A1ZHCH(NIBR, 2019). of&utxb= 20129 ol 25
HE297] oOYNE 1328 AAEL, 20194 3] =
7HIEAMEE (NIBR, 2019)°4 35 (CR; Critically
Endangered Species) 2.2 3G AHo] ¢Just Fo=2
7HEA Qiok o npAke] JiAlg 4 @Al sl Yoon er
al. 2023y A @AY A SAFY EZS vl
sto] T Z=A|Bto]| wE A 41X E2F, o]3letA Wy}
ojZmiate] 22 9 Yo A= IS FHFRAT o=
opRpe] S AAA] Y FAbolE Y] AT 2 AESHA QL
ARG thgt olsf= obA] FE3E A4 ot

oAEupRte] 2 AAX|Ql ofE W o7 FH ol
T FARRU 2% 15 §Y Holdo] FHE AAA
AFH Lz o|FojAH o]d wa} FAo] 43}tE7] iz
(Zaret and Rand, 1971; Gilliam et al., 1989), oJ-&0}x}2] A|
FHOl BE AL TS AT olalsh] AshAE A4
A o) BB Rel0) g AL e Tt A7
7} @39} EulRF (Microphysogobio yaluensis)= &1}
A% FehHo e GAT B ohiz HASY ot &
Aste] cleniizt Z@sks AGeld Sukdot gl A4
S Sl %97 WATHNIBR, 2019), S Afslet
S USKE A 1T BTG B ohgulAE 457
AT AgFH o2 Bxslkal ik (Chae and Yang, 1999;
Kim et al., 2009). @2hA 2 Aol A= &0t 2|44
A AR 2o AUE F BETHE adlof iz HAS
98l A FHLEE Bgote] JFHA 9 A A9 B
7He skt 53], YA ol AAlsh= FAFOIHA
FUGo| ZIEE FARE SUEREe} HE F5to] 4214
o] BESHAQ Aoatgol gt of&uiAte} EupRte] AYH|
Al 9hg-Z mofste] o gmiAte] HA, B S 9% 7]
Z ARE duA 5Hgh




G{S0tAtet S0tAte] &

Mz XA
1. ZAMHAZ] Y R7IE-01F AR MY

B A3 A= YR 20239 9¥ 15Y 0 AAFH ) H
AAHE dd F2A of&upAe} Enpabrt S48k dH-d
739] A7 (35°28'56.5"N 127°48/'33.3"E)& AASIATh
(Fig. 1). 2ARAH2 A4 =2, 27171 2 & 59 534
Ql SHFTFERE UEHAL pAlo] ot of Emiatet EnkRzE
IR ST

ZAAT W o559 uolge] 7)9e Telelan U}
A B-§ §7]E(SPOM, Suspended Particle Organic Matter)
T AR B2 5718 (APOM, Attached Particle Organic
Matter)8] A 25 A AE25F2E 9 7|8 #4744
F7184S ZTSt= SPOM A& FHEA A4=3t 4
£ 500°CollA 2417 St ZEA=EFE GF/F o34] (0.7 um
pore size, 47 mm; Whatman, USA)E ©]-835}o] %4 500 mL
oA FHdf 1L AZGREE)st] A 2E ZHEIG A 7]
9] Ho YL oJu]3l= APOM AR $HEoA &
A 7148 A5t HA 2HS B2 QAW § £32
H #7182 5551t 558 77152 GF/F oA & 9]
83194 30~100mLE AT BT ARE SFEIFT

olFf= TS ol&sto] AYsAL, RN T4t
At o] A2 A E AHATA] utste] A% (Total
length, mm), 57| (weight, g) 4 % AT UL 4
S 9% NRAAZ olzolAT A HOIA AHUE of
Fe U T Ag=2vtatet EvlE 236t 1259 of
F7F AR = A ol f= SHE I ANA LA
S Gl ol HAEA 9 YAESHS Buag

(NIER, 2019) H412E (F414: ol&utat, Boba, sjetul;
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Fig. 1. The map of the study site.

UL I MR X2 a1

SAA: 718800, AEN, BV, 2R FA, A4, 3
AU, FkL, 7] 44 AAE 7o R FE8H
thH(Table S1). BEH7|EY 282 Y54F9843 o=
e 37HE HSFALGEI7HIE 2023-30%), S HAEHY
o] SEAT ST Y $UL ol Pt (SAN S
NIEIACUC-2023-006).

HEFHEE BAS 21 oF AlEe WA T o]
of wet WA= HE Y4 3 E (turnover rate) 2
Zpo] Bl ZA| Z7]of whE A4 Holde] M3t (Won et al.,
2023)2 QI3 035 FoluAt AL 7|EOE GARE 2
718 71 AAE Adste] FE=Z 2o 574419 222 &
H3}3th(Table S2). AHE o7 A&es B3t M54
i FAS sl W, o, wjFeof T2 7Ie 22 A9t
I RS EZFSHA] G TR 282 1~2 g A5t
2mL FHo| W5 Fei2 stk A 771E9] o
A W BE ABEE —80°ColA 48A7F ol FEAXE
$335t9 1 A=¥ o¥A= BEAD RUPTOR 12 (OMNI
International, USA)E A3t #3234t AAEHLE
2 BAY A, g AL P FHILHE SAlo £4
5157 ol E=e Friea 9 AE AA S 9
SHA] AT (Post, 2002). A2 Al=29] HFHea &
AE A7|HAEhER SR F571719)00 9=
stgon g ZBAE FPENAL 24 A BA
A (Isotope Ratio Mass Spectrometers, Isoprime, UK)E 9|
&oto] B A UL E ST g da
SHHE UL FFEZZ ZHZ VPDB (Vienna Pee-Dee
Belemnite)?} F7]& o] 83t o ZEEZ] YiEA ]
o BAAE W EAH|HY RolE HESE YEtd g
d"C, 8"Nez Ytk

6Xsample = [(Rsample /Rslandard) - 1] X 1000

X="CEE"N
R =27} Be/Mc B = PN/MN
sample = A&

standard = FFA| 5

S Wd PIEAULIE A2 1F yEOR AT 2
AR AL g ol FHYRES FHFAULE
vehel 2AIMe] FZEolg Azt B8, @

& A PEAA) B B8 % A8 (g WolA
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& A7 Aolsh] miEell, 4ol E8EHE F
78 2 17RAlA 107041 = Zol7h itk He 1y
sto] AE A wEbe Fo st 2400 248
% th(Table S1).

1) 2ol 710i8 U PYEH ME

£ ATAE AAYRS AR YA 4712
2 H5H] 8 NuweincS} 13 ARSI DR AIREE] 2
& PPEPALE A FHHOE Yo WE WIS Rol
7] W&o (Kim et al., 2014), SPOMI} APOMS 25F 118
sto] GRS MBS 1l Qo) B W2 AFEN UL
H] gk AgSHeE] B718 ol QAolek WAV itk whet
A, o2 B Sla) £ AL olf FE AEH
SPOM % APOM Hjo]¢] 7]0i&-& 71542 Bg3te] 17
B 8" Nuerne B F3 JUTAS AH25140,

Trophic Level
=[{8" N — (Pspor*d" Nspom + Papom*8 “Narom) }/3.4] + 1

8" Nspom&t 8" Naroms= ZtZF SPOM @ APOM 9| A4
AT AL g gulstH Pspomd} Parom= 242t
A o] tigt SPOMIF APOMS] 7]43&-S 2lu|3ich.
o] 71od&L2 w0 x|t YAl d (Bayesian mixing model)
2l R package “simmr’& ©]-83}% A&E3}%Th(Parnell et
al., 2013). H|o|X|¢F YA RE L Hol} LJAEL] T
Aehan] ghe] MEy 22 EFAAAS nEdte Hold
710&0] FEE £357] HE e B4 o A=EE =
o]7] sl 27A o1F] A7 HRHE TS HFeE 9
o] 7]o&& AME3IRTH(Phillips et al., 2014). T3 94
2 B4 Ho|x¢t TAE 7INte R BaE 5] o
2oll, 892 Btolu SYa 22 fgko] ofbd &E
HIEIZAHARE A 71€3}19 (95% Credibility Interval) =74
25 (measurement error), EAA|E 2 TDFS] HEA <
SGAAS 23T (Phillips et al., 2014). YA E B8
ol AREEE Hold 79& Y] BT FEREIFHAE
8" Niasetine AP 210l 2 g5}o] JoftA Bz L Ad 715
gt T HAE AL deFo s ofgniRiel &
npRte] FAAAE AL s A 2 A71ES 7
ARER sto] dubAd FFAA AS AR, o=
g S50 RARRE F2 H4I817] wiZel (Hong, 2014;

O:

o e

S s o X
LHOIS] . ZTAL - S - 25

Ji et al., 2021; Byeon, 2022) £-44 71919 #o]o gt
= BasHA] ¢S AR FHsty| otk A
7] &Rt 1I7AAI7F AP E FY A%, SPOMIF APOM 9| B

12 P F A AAH] FE 8" Niusciine® AH3H FUHA

&l
£ ST

2) ‘HEiX|HHE Q| AHY N MEHX| Y SH = -7Hsd

A H AL A 2ZEH o] RY| SIAR A€ package
“SIBER"E ©|85}o] A& 3 AZ3I5HiTh(Layman et al.,
2007; Jackson et al., 2011). “SIBER™E= &4 A Hg%
ean|o] 23k T = 9 4SS HEEHEL
olEE dZsto] Bhds st AlE ol whet Bl |
A3} S B AT 4 7] diel, &t A3
=7 gl it B E 23 eke AR AU AL (SEAC,
standard ellipse areas with corrected sample size)2] AF&0]
7Fs3te, AlE 7F HE olF T AR ¢H A 71 vt

7hs Stk “SIBER"S AMES}ol AHAEAS A7)
SIiA A7) olagel Faol 2El] W], AP A

7h3 o43el olF B8 RO 2 SEACRS AHE e,

F7 AYAGEAY FH A= U FAEAL
package “nicheROVEVR™Z AHg-3te] AHgstqlct. £4 &
9] SEAc %9 40% <&5HAL g FHean] 22 Y 7}
ZA WRE BEo 33}8)7] wliof (Jackson et al., 2017) &
7 A AEA 0 S A=E ofls 042 A5t AH=
34t} “nicheROVER”+= MCMC (standard Markov chain
Monte Carlo) MEH& &83le] BIEE FH3517] H&
o & EAoA = Hlo]A|Qt 4187t 95% (0 =0.95) WellA
1,00081 9] WHEAIAS At FH7FsAEY A & &
3 Bike ALsETh

=

N

1. 20| 71X U HEZE BA-TA FHS M|

£ 244 APE BE ofF F9 HPEAALES 4
stgom SAA ol AUE IR WA olR 1B

oF wlebn)2 242} 7, 10/4A17F HYE ek (Tables S1, $2).
A HANN Y vl PHYBEY HENUL 2
N ANE BEH ZuolRe F WFE LAY F
o7k E3G AO2 Uekhth. Y44 §718L SPOM
APOMZE Bha Ak QPR SIRI4HI0] F3G ol S Lheh
WEE, APOME] B A2 QPYESI AR} SPOM Ty
BAL 02 vehiith olREY B B4 HPEALL



= 0tAtet S0 HAEA H

H]o] HOE —17.7~—-16.0%S Bt o172 HAEA
o & ER 5 A olFY B 715N AEE
ALt 54144 °1v4 Bt Aa P Edan Y M=
11.9~12.2%02 v|nA £ HE vehych diAt 221 o
2 S HYaeH = AR Y o7 F 7H F

& Bt T PEHLRR (- 15.2%0)F B o=t
AL ANA T g S Han] Y] s - 15.5~15.0%02
pebie). Sokxke] A9, A Tk ek QPR ES Aan]o]
A7F =177~=14.2%2 ZAAH Y o7 F 7 2 |
Shg Beeh A o ofenixiel Bupae] HF A2 o
BEANLarE 22 12.7%o0, 12.1%02 20|17} 2A] A3hTh
(Fig. 2, Table S2).
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Fig. 2. Food web structure of the study site: carbon and nitrogen iso-
tope ratio-biplot of POM, fish; square: primary producer, circle: fish.
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2. Ho|H 7|2 % JEHA

ofFol thet AR fF71=9] Yol 7loes #A4%
o e 9| ololelel ot ol At 2

52 APOMO| T3] 75% olite] SlEES eyt &
B F9l ohenha Snidel FAT AT 442
2 2574 727l w2t 25 APOMO] dis) 80% l/%)
o] H]&L HIrh 50182 6" Nowsetines B850 A
AT olR JUTAL A9, FY olF ] HF FFA \a
H% 2.5~4.00 2 Bl A {2 HeE vyEhlon JE 5
T & 7F T AT EYPFA, FEAY, A, S
lyel 2-39] Bt A HSIE 23ick 344 ol
7158Me SLDA 4.0 o 2ARA oM 7 =2
JUFAAS PRI A 0T B 2.4~329 G
A HMHE 23k 53] APOMZ 7|14 ER A5t A
3 of gt Eukatel JYRAL 22t 2.6, 249 e
A Hol % F7H Aola ghe UeRien] SuiRs 24|
49 ol F 1 e BF JPVAS BT P4ud
< &gate] Hole 71989 95% AETFHE FgA At
ol g3t A3k AA/FER GAFA] Mol Huixieh
R} EA 7T 242 2.5~3.4, 2.4~3302 7HA WA UERGT
(Table 1, Fig. 3).
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Z9] SEAc FH2 0.52 B & tju] F& AR SjHzo] &
4 e Euhti 6.09) SEAC 92 He] 2AY ol

Table 1. Summary of estimated source proportion (SPOM/APOM, %) and trophic level (average, 95% credibility interval) for fish in the study

site.

Diet proportion

Trophic level

Species
SPOM (%)

(feasible trophic level)

Microphysogobio yaluensis -
Microphysogobio rapidus -
6.9(3.1~75.7)
12.0(5.3~72.3)
23.0(1.7~40.6)

Hemibarbus longirostris
Pseudogobio esocinus
Sarcocheilichthys variegatus wakiyae
Zacco koreanus

Zacco platypus 18.6(5.8~27.9)
Pungtungia herzi -
19.3(9.5~30.6)

Coreoleuciscus aeruginos -

Squalidus gracilis majimae

Coreoperca herzi -

Cobitis hankugensis -

24.3(12.7~33.0)

APOM (%)

- 2.4

- 2.6
93.1(24.3~96.9) 2.5(2.5~3.4)
88.0(27.7~94.7) 2.5(2.4~3.3)
77.0(59.4~98.3) 2.7(2.4~3.0)
75.7(67.0~87.3) 2.7(2.6~2.8)
81.4(72.1~94.2) 2.9(2.7~3.0)

- 3.0
80.7 (69.4~90.5) 32(3.1~3.4)

- 35

- 37

- 4.0
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Fig. 3. Trophic level (TL) of fish based on species-specific baseline with “simmrs” (Vertical lines denote 95% credibility interval); the color
of symbol represents feeding guild categorized by NIER (2019), grey circle: omnivore, blue circle: insectivore, purple circle: carnivore; TL
can be interpreted as follows, primary producer: 1, herbivore: 2, omnivore: 2~3, carnivore: >3, piscivore: >4.
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Fig. 4. (a) Isotopic niche space of fishes in the study site. The Standard Ellipse Areas with corrected sample size (SEAc) are indicated by the
solid lines, and convex hulls of the total area (TA) are indicated by the dashed lines estimated by “SIBER” analysis, (b) Density plot of the
SEACc for the fish in the study site estimated by “SIBER”; number on the plot: SEAc.

Table 2. Summary of pairwise percentages of directional overlap (the degree of overlap for A by B) between fishes calculated in the study
site using “nicheROVER”.

B
A
Z. koreanus S. variegatus wakiyae M. yaluensis S. gracilis majimae M. rapidus Z. platypus
M. yaluensis 6.2% 45.3% - 0 3.7% 8.6%
M. rapidus 0 0 71.9% 0 - 0

7 2 g 24tk U sk i detA A4lsk SFET AHAYHEZA Y FHS UehfA] gron, o
FaAYeL ggu]e] SEAc g2 22 1.07} 0322 H] upzlo]] gt EukAke] 54 AEE 71.9%7F AAEI &
2 @2 ZrS BAth(Fig. 4). ALt BuAlE A9t uixlE ZENE ALS RE o FEI XYW F

RErlr oy
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Fig. 5. Diagram of pairwise percentages of directional overlap probability between fishes in the study site using “nicheROVER”: posterior

mean (a0 =95%).

e RAT Sulxjo] HEt olguine] 3 AEE 37%2
AALEISITH(Table 2). 95% ] A1§72kolA] 57k AejAI 91
Ho| £ F54e AN A, o gulAlE Sk o
3 FA7Ms o] 71 7 AREI Lo (34.4%), A
WA 31e HolA) ek WE]o] AN 29.5%
o) 47154E Rert vo] Suixiel BEaslo) gt
s@nel FHIIEAL 10% Qo A, Eopx)
£ 2N Aglat g ojFol tigk FH M54l 70% o4
veha AUt setulel ofs) 38 7hsAlel 44
4.6%, 21.0%7} AAFE AT} (Fig. 5).
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£ A7t FA oA2niapel ke A4Sl
3 71&d old 239 A, FHEE AL (2019 F
2R AAZFTE A A olFE IASHIL
U Hong (2014)3} Ji et al. (2021)= A&0tAe] U&E
A4 9 o 2ARAS Bl SHT 244 AR F
-3 z}olow o Byeon (2022)2 &= 4L 3l &
A7 W S BRRR A WE SukAt
A7 olF2 F7FstSA ol9 22 FupAke} o guiat
At 24 %2 T TES FeHE A E-IA vlE
gt o&upat FukArh &3 °J°13’Jr(Cyprinidae) B R
Z|ot}(Gobioninae) o1 F= HF-2 HF7F HFste] vigof
ol glon me offZe] = U Tt Fe= I
g oS o] gt RAXFE F2 EoJH=Th(Zeng and
Liu, 2011). 8pAJ9F 2 Ao FIDAE T3l 4T o

1o mjn o\1
B

e

AL} SRk 242 2.6, 249 FAAAARE Yulste ¥
FAAE Bk B FA| ot} o= AN F2 Hol
SHES Slo] HAzFRA opfzt B} Az Apolo] &
ASHe S92l AHBE WA LS R sk o
27} ABshe HARQ Sl BED 2Rl v
2 AJAY sHHY A AETY E8E0] 1L 7T

M2A BEZ31H (Jo et al., 2019) E3] G2 55401}
(Heptageniidae)?} 722 B+ F2](Clingers)e] &3 H]&9|
50k (Shin er al., 2013) h&vIAi} BobA7) BOlRE % 4
HEEE A AARE 7hs Aol 918 Ao BaEd,

ogulAle} Eube Fejael 59, MAERo) v %
AVs}7) w 2ol (Hong et al., 2015) T £9] GJokctA 7t Xjo]
7F A & ASE AFESI SRR i S5 IS
e LAt SR 0.2 22 FYAAE e
o, o= oA&nALY] S414d Ho ol et A A ul&o] Ent
X}E‘.E} 20% (FFHA] 0.1 10%= 714, Page et al., 2013)
£92L Slulaie) ¥ A7) Bz AnEe gy 2
<ol ‘:Hﬂ ’SQEH—J B AE A&k Qlrk= HollA] o]9}
2 Ane Ted] YAF R B Aol T2 F F
o] JAWES) AolZ el Uheht Aatel o] tht Feto]
ofFh WebH £ Be| HAEHA th) wet 2 o3
ISl % a2 29149 242 50 1A
sjotet Gast Ik ok F ole] olwEel 2
A o7 diFEo] AT B °q°h:"7—““
o, ol= A4 Hol¥ FFAQ HAlo] olFEY B
A $718 FEdths A RS 1 2 A
olg o] v A ARH AL AR
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259 USHE vl
¥

AL A BE=
o F2 WA HAEES k= 710l 87
olFE A 7] whizell o 2k AEA
Blws7] HEA= BEe 27 HEE oA 1T
87} ik E3h AR 95% A-§-77Hg vhgste] A
°ﬂ°'$?7ﬂll«l Ad7hsdt Mele 4% o7/t 43s] |
= Ho| B3t A4S0l tied s of==ol 3
Eo], RFER= AA 3 JFAAs) 2.4~33
9% SATS Al Uehdls 23t 245
A FEEQ o Qs AT <+ e 27
o ZATE. ook &2 B2 tiF2 A A7t
(n=2, 3) o} FolAAN HERR7] W2 (Table S2), 14
249 AFE wol7] Hsid= A 24 A
£ g3 g a7t glck(Phillips et al., 2014). FF THFst Al
AR M FEE AHAeE st 245 AP o
& =9 ATl tisl Hok et wefe] 7 AL

=°| A3

2 oX
:1“-‘ B~
o
)

g oE st

T i
r\l ¢}
tlo

e m
—uﬁ

I-Elmjgi_le_:;rlom{xtmhmlomrﬂo;
ox

y 12 rlo ot

737l ofsf skt A4

EE) YA $7
% <l

EA4L W3t Aoz, shAd o) i fARE Hold
o] HAEAS Holx HEZEC| A 5= A4 UolA
= Fof wet st JAH=RE el (Andrades ef al.,

2019). ZARAAE Y oFES APOM Ho o] tigh A41H]
£o] Eston AR YH o] £AH ofF F UENE Al
QR BE o7Vt AAAFY FYHAE Hol AHAlske 9
ojEo| AL AL g Aetd) 53] YR oF T A
BRI HA 7t =2 20 FHsAEE °“7l 2o, 2
AL g Aol i fAReE Ho

B olF T AR +F0l =2 FFHL A :
oF 22 oA EnkAte AR oF 5 7MW Y
SAE HQl SAlO 7IEE (B4 FEHE)0l 'L Al
2ERA °}o FHEL)0l F2 M (ASN=1.7)9] 713
W2 A A E A (Fig. )< Yetith Evlabe & 0%
o] HAEA 9k v 7HsAdol BlaA Eoh=d, ol
FHLATE AR HoldS §2 HARE A4lsto Tt F
ol -3t dukste dAXMES Uehd Ao R Alrdn
(Kartzinel et al., 2015).

" 2ha]& (Genus Zacco) 17 FEAYL} Hetul= =
U 3HA o 33 91514 EE3}H (Choi and Kim, 2004; Lee et
al., 2017) 3P| A Y] o7 oA HEH QA Fl
ISR T (Lee et al., 2014; Wang et al., 2021), ES9FALL}
HHi A Al M A HA FH7Fe4d 2 vnd F2 A
AAHAEE Bt $F Ho R Aol lo] HEtu|= B ofF
I FHEA &2 HoldE AH ez Aot BAFe 2
%17] W&ol (Katano et al., 2001), ¥ Lol A Tabgl bzt

olchE] - 23X - Z[0IE - S22 -

woIS - T - WU - BF
Al sfetulo] F& AHAGARE 42 U] B oiFat
o Holgl $ 4L AR An2A 4] 7Ptk

4 F91 ol g ofFo] uls) whe F A9
3t I Subd ] S48 Holde] the B ul& Y
HA AES Rol 24 A9 Aol et ARske M
2 Uehd Ao 2 ARG AT ol 3537, 5
ube} Wtk R Ael HABAS trehlo] S F59) 44
Y5o] of2uixte] HATFe) L nlF 7HsHol 4
5 o 2ukAt S FE0) AABECl 3L 1E 5
o] A& AoE WYk AYE oIF thrLol FAYF o
AT ekl ol EoiA) AR olol@ Y son
AT, oloh 2 BANA clentate] FL YA
WA AR ofF F HYAAA AFWHY TP =
AR o) ehembae] ATHAQ) AE S AR

=4 A4A 0 B HHERE T A AR
o 2.9 L FHergat AFHA #AZ e Chipps and
Garvey, 2007). £ AT oigubet Bobate] &8 41X
oA SPAENULE BEste] AN 2BF oIF F
o G AR FH S22 LA 2HE vt
o= F A 222 Bk ofeniat L B A
AEAS AT S B A 222 B A4 Y
chshlel o ol 4y Soixe
kst sl Bk W 52 Aol A5
ARSE 44
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x
_&

E7} A= AL Al FEI} of
Y 2 ZARIA = /‘1@.01 lE AHAA 13] ZARE AA]
SFPAL A ARGE THAleE AlRHA ol Tk whEbA AZE
ARl o] wE F7H RARE S SRSl et o
SRRt Enpxbe] AR AHE He} Fie wEse] o
& F59 ASeEHE A5 A8k B2+ 2art
Ach LAY FlE Yoz AAR] Fxo W Y 2 Y
ol &7t Y7ol F83 A2 WEF7] B2l (Yoon er
. 2023), Z7}2A} ATE BRFO R olgrbah AA1A]9] S
NERT YRS 091 7 A B ojZolAlrhd of
guirpel Rl glo] B2, olststy Relwet ohz 4E
st&9] 291-% S st TLFQ Hrpt s Ao
ZlejEict 2 Qs BB ABR-gol el 1 27
B4 24 30 AR oS A
F) 71 2 AR B G AR
9= A jo]——— T_Q_Ul- 8 91° 2 A (Bolnick et al., 2003) T
A o gt S FA (intraspecific competition)] =2
o) 27} 24j0] WaF Ao BUHt AT o] HHS
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Table S1. fish species collected in the study site and details of the total length (TL), total weight (TW), trophic guild, tolerance guild, stable
isotope analysis utilized based on species sample size; Individual size (average, standard deviation).

Species

Individual size

Ecological
characteristics

Stable isotope analysis

TL ™ Trophic  Tolerance Contribution of ~ Trophic .Isotopic
(mm) (@ guild ouild source level niche space
(n>2) (n>1) (n>3)
Microphysogobio rapidus 4 87.5(5.0) 6.3(1.0) (0] SS o o o
Microphysogobio yaluensis 4 64.3(164) 2.4(1.8) (0] IS o ) [
Zacco platypus 10  98.9(8.0) 7.7(2.0) (0] IS o 0 [
Cobitis hankugensis 1 1140 7.9 I IS - o -
Squalidus gracilis majimae 7 73.6(3.6) 3.3(0.5) I IS o o [
Pungtungia herzi 1 510 1.1 I IS - o -
Pseudogobio esocinus 2 66.0(1.4) 1.8 (0) I IS o o -
Coreoleuciscus aeruginos 1 110.0 9.9 I SS - o -
Zacco koreanus 5 82.0(10.8) 4.7(1.9) I SS o 0 o
Hemibarbus longirostris 2 75.0(7.1) 3.0(1.1) I IS o o -
Sarcocheilichthys variegatus wakiyae 3 78.7(.1) 5.5(0.7) I IS o o 0
Coreoperca herzi 1 1620 53.3 C SS - o -
O: Omnivore, I: Insectivore, C: Carnivore, IS: Intermediate Species, SS: Sensitive Species
Table S2. Summary of carbon and nitrogen isotope ratio of POM, fish samples (average, standard deviation) in the study site.
Sample n Total length (mm) §"c 8N
Microphysogobio rapidus 4 87.5(5.0) —15.2(0.3) 12.7(0.5)
Microphysogobio yaluensis 4 64.3(16.4) —=16.0(1.5) 12.1(0.8)
Zacco platypus 5 102.6 (9.6) —17.1(0.6) 12.9(0.6)
Cobitis hankugensis 1 114.0 —-18.7 15.2
Squalidus gracilis majimae 5 75.2(2.7) —17.4(0.5) 14.1(0.5)
Fish Pungtungia herzi 1 51.0 -16.3 11.9
Pseudogobio esocinus 2 66.0(1.4) —17.7(0.2) 12.1(0.04)
Coreoleuciscus aeruginos 1 110.0 —-16.5 13.9
Zacco koreanus 5 82.0(10.8) —-17.7(0.2) 12.2(0.6)
Hemibarbus longirostris 2 75.0(7.1) —16.8(0.6) 12.3(0.2)
Sarcocheilichthys variegatus wakiyae 3 78.7(5.1) —16.2(0.7) 12.2(0.9)
Coreoperca herzi 1 162.0 -16.4 14.3
SPOM 3 - —=24.3(0.1) 3.0(0.8)
POM
APOM 3 - —-17.6(0.2) 7.4(0.1)
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Consideration on Application of Zooplankton Index for Wetland Ecosystem Evaluation. Hyun-Woo Kim* (0000-
0003-3898-5864) (Department of Environmental Education, Sunchon National University, Suncheon 57922, Republic of

Korea)

Abstract  This note summarizes the application of zooplankton indices for water quality management and
estimation based on main research topics of articles focusing on wetland ecosystems, topics that are remained
poorly investigated in S. Korea. The aquatic ecosystem-based consists of indices that respond to different target
environmental factors, including environmental disturbance. Among the major indicator species and biota,
we reviewed that management strategy for the wetland environment has to be focused more on small-sizes, in
terms of zooplankton ecology and indices. The ecology of zooplankton communities in freshwater ecosystem
has been the focus of an increasing number of studies since 2019, and considerable progress has been made
in understanding the major mechanisms involved in regulating their abundance, diversity and spatio-temporal
patterns. Even though studies on the freshwater ecosystem in Korea have a long history, a few of studies on
zooplankton biota were conducted at wetlands. We suggested the candidate zooplankton indices proposed by
the U.S. EPA and EU to suit Korean conditions. In the step of selecting metrics, the best available metrics are
species-related variables, such as composition and abundance, as well as richness and diversity. Overall, in spite
of several limitations, the development of a plankton-based multivariate assessment method in Korea wetlands is
possible using mostly field research data. Later, it could be improved based on qualitative metrics on zooplankton,
and with the emergence of further survey data. The present information can be used as basic information for
researchers who are dealing with aquatic environments and its interaction with organisms.

Key words: zooplankton, rotifer, freshwater, metrics, wetland, multivariate assessment
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Fig. 1. The results of title, contents, and keyword frequency analysis of zooplankton research papers in 25 international journals (7611 pa-

pers) over past 30 years (1989~2023).

I : Others

[__1: Number of papers related to zooplankton research

Total 3100 papers

Total 1869 papers in Korean Journal of Ecology and Environment
(1970~2023)

Total 503 papers in Journal of Ecology and Environment
(2011~2023)

Total 728 papers in Journal of Wetlands Research

(1999~2023)

96.7% (2999 papers)

3.3% (101 papers)

2000

(50)

Il : Others ——1—> 26 papers (27.3%)
[__]: Number of papers related to zooplankton research (Wetlands)

Major contents
Species composition
Community structure
Succession
Habitat diversity
Aquatic plants etc.

(% ) : Relative Ratio

1500

1000

Number of papers

500

1970's 1980°s 1990's 2000°'s 2010’s 20~23 1970~2023

Fig. 2. The changes in trends of zooplankton research papers in
major domestic three journals (A) and in Korean Journal of Ecolo-
gy and Environment (B) over the past 50 years.
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Table 1. The major biological indicators used for aquatic ecosystems health assessments in EU, USA, and S. Korea.

Biological
indicators

Examples of main parameters and multi-metric index

Ecosystem

River Lake Coastal Wetland

Phytoplankton assemblage, Algal toxin, Microcystin,

Phytoplankton
the 259 plankton taxa

Plankton O/E (Observed over Expected) indices based on [ e.¢ [ *

Zooplankton Abundance, Taxonomic richness, Trophic guild,

Three taxonimic (cladoceran, copepod, and rotifer)

Variety and abundance of fish species, Taxonomic richness,

Fish

the percent of taxa that are native

Taxonomic composition, Pollution tolerance, Habitat and feeding groups,
Spawning habits, The number and percent of taxa that are migratory and

,$,.0 o0

Two Rapid Bioassessment: Species composition and/or biomass,
Periphyton biomass and coarse-level taxonomic composition

Periphyton

(e.g., diatoms, filamentous green, blue-green algae),

Metrics of Biotic Integrity (e.g., Species richeness, Total number of genera,

Total number of divisions, Shannon diversity etc.)

Taxonmic richness, Taxonomic composition, Taxonomic diversity,

Benthic

macorinvertebrates Habits/habitats, Pollution tolerance,

Feeding groups (e.g., filtering, scraping, grazing or predation),

[ R @) *

Macroinvertebrate Observed/Expected (O/E) Ratio of Taxa loss

Species composition (species identity, presence, and abundance),

Vegetation Vegetation structure (horizontal and vertical),

@) o ¢ © .

Vegetation Multi-Metric Index (VMMI), Floristic Quality (FQ) indices

®: EU (Water Frame Directive), ®: USA (National Aquatic Survey), ©: KOREA (Ministry of Environment), Modified data by Choi et al. (2023), U.S. EPA

(2006, 2008~2009, 2011, 2012, 2015), Barbour et al. (1999).
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AZA B7E 3tk (Nichols er al., 2000; Rothrock et al.,
2008; Ministry of Environment, 2009). =]l &= AJAkx}
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O} (Table 1), TESHIES 12t AeiAE A4 ¥
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7he obF] mlEet Aotk Sl SAHANAN 2T
3E }as T43 AR FhE YA tekst g2
dhat Aol Wastch o) 98] FREYAE e 4%
W PR ol et 7HENE TS mAAS (el A
37, 57, B SR 5 B8 Piol 1eE 4 g
(Gernes and Helgen, 1999; Lopez and Fennessy, 2002). o}
29, thHEFA|4= (MMIs: Multimetric indices) ol ojgt
284 5 THA A7) gt HE Fo] HPFofof
& Aoz AHET(Choi er al., 2023).

SXIMElA SSELTE

b

B X|s(2h)

FSAEH A= Aol & A F shiolw, theket
XA el 5 AE 1o AaA SHoA Fa%
Al2"lo]tt (Joo and Francko, 1995). $X|+= E]—%h?} dHe
Qlo] B3tsHA g5k A, A 5 5 A=A ¢t
Z‘]k] U] )\ﬂ‘:']:l—ok/ﬁ ZX] e} _r]b‘]- H]—Ol— %]oﬂ %E»‘__.:Eo]-i%
Ame WS Fasty &AH] A47F asitt FEEE
AE A HIE FASte de ASEH LR HgE o
A QLo A& gt FFol Ao, Y FF, FEET
2E 54, 54 BRE 5 901 W7t Aol Al
FUA e Bt A 4 o wE Utk o
G4, 2 hgol] ATE SN FEEFLE B o
q. M A B 5L 2T 2 SA A B L A
o7 Al A le) 2 719 ARZN A U
Ao o FHrTh

o7t sAHAC &8st= 7MY & 2RTLeR

rdl

o
e

WA} B Bste] FAI W 4 glo] A
3lot= SOA & A-S5h] wiiol SAAYEA A Y A
E3td 2 E2A AAFEE 7HR 2 Yoh(U.S. EPA, 2002;
Ejsmont-Karabin, 2012). G¥FAAE 9 2G| Hrof
AR EE Bl 22 457 22 SAAHA A
A 7k A4 2o AFsE 2 o|th(Sgrensen, 2002;
May and O’Hare, 2005; Oh et al., 2017). %57 &4 A=
L SR ATl g BAGL Tkt B

Sp7 91 A A% FROR SHAEfoL & AOR W
e,

2. HE/EQN SSEUIE |

FEEYAE FHE A4 Feol met B 244
o= FusloAu, FANHAY F$ QuHoz puy
71do] NG ANZACE RN FEEYAES 4F

o] Agslt}(Table 3; Balayla and Moss, 2003; Taniguchi
et al., 2003). olell ¥Is} §4:2) Thapgol FAT S0
Ao Ao Hox xo] 245t AFS 7FRXTH(Table 3;
Lair, 2006). A41#] o]&/d3} e SALEHA S 5=
EFAE T 0 fA0 Fa9de= dHEHA R ik
(Manatunge et al., 2000). WetA, AAF o]AA o] & &
A AN = 7129 il e RY/ERAE 55
EFAE T3 L AT HlEY W3t tigt A= oA
<8 9 oy W3t A=E sl o 8% 4F A4

Z+2 H| € (cyclopoid/calanoid)

A5 2L Aol B HoldoR SAHA 3
Pt 4 Aokl FAT AL 3w, 57 B4 BA

Table 3. Classification of species with relatively high frequency of occurrence by inhabit type.

Inhabit type

Taxa
River Wetland (including Dumbeong)

Brachionus angularis, Brachionus calyciflorus, Brachionus angularis, Brachionus calyciflorus,
Keratella cochlearis, Keratella valga, Keratella cochlearis, Keratella valga,

Rotifers Keratella quadrata, Asplanchna priodonta, Polyarthra vulgaris, Trichocerca capucina,
Polyarthra vulgaris, Colurella spp., Mytilina trigona, Lepadella oblonga,
Trichocerca spp. Euchlanis dilatata, Testudinella patina
Bosmina longirostris, Bosminopsis deitersi, . . .

Cladocerans Moina macrocopa, Daphnia sp., Alona rectangula, Bosmina longirostris,

Diaphanosoma brachyurum

Bosminopsis deitersi, Chydorus sphaericus

*Bold strokes were epiphytic zooplankton, Modified data by Kim ef al. (2005, 2010), Kim and Lee (2007), Kim ef al. (2012), Pace et al. (1992), Lair (2006),

Thorp et al. (1994)
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2 ojuishe 4RO R Fastt N24F 219 A-37
4 BE 3% 5 AEE ARE 48D A%F A% FHS

= 5
Q7o) Blold F Fa WS oS AUHOR SAse
Ue AREHN FEA4o] =5 Aoz e (Brooks
and Dodson, 1965). AZR H|& 9 EXF (e.g., Alona,
Chydorus)®| &8 - F= SAHAY o] &7 Zpol&
Z gj¥ste A& FEO 2 HriECH(Table 3). 181 87F
5 39 cyclpoid/calanoid ¥ &3} HEF AR5 E R|4H7}
FEoF VHFOJA Lt(Gannon and Stemberger, 1978).
SANEHA A4y nt 9 R T ¥} 52 WY
St 8715 AEe 2830 A FEY ASE AlsdH0
(Van Egeren et al., 2011).

T

4. MAIK -7} W mat

AFAEAY TESHZE 2HE A3 244 =t
oheFet 3 25 YERATH(Oh er al., 2021). A7FE 48
E]7) (e.g., Dumbeong)E EZgHst ThoFst SAAE A= A4
A 4lo] &l EEJE A3 Q1S TR BE 3 W
glof] NIzt FEEHAE A Sl Adolst(Kim er al.,
2011; Kim et al., 2012). A AA1A Abelof wha)} 1%
gk AEAO] e £ AE9 A8 G Wttt
(Norris and Thomas, 1999; Burks et al., 2002). Wa}A], A 4]
A wgk 2%l 3ol gt TEEFIE S8 4 HE B
A #Ao] oo} gt} FEEFIAEY AE &
g AAA B4 9 witol it A4 W HE = SAAYH
A EY 4 e Fof gt Fa5t 72X 1 E8A4d0] &
< AC & woE

5 Ho|Z 24

A A Hold Yol SEEFTIAES AEEHIE
7} g gjo} RIS Ak Ao TRtolH, x|oje] ¥
o] I EN A 75H} Mol & FFS WA
€ A AEAoIth(Romare er al., 1999). = Y4E|A 2 5

g oA BARERE AvRI2 Y] ' 352 3
fRlof e} thFst, & AEEFAEY AU | A4
Hl&of w2t A v|&o] 24 5~30% B= Zo|7} drh
(Lacroix, 1999; Gladyshev et al., 2011; Feniova et al., 2021).
SAHAY A Holw FAUA 5 HF AGFAU
Daphnia galeatai= "¢~ 323t Ho|R oz ZJojof FH
e B 55 Sto] 8 Hrlo] A FEAYCRE o
AR AL It} (Feniova et al., 2021). SA|AYE)Al= Daphnia®l
vl3)| 5 A% X239 Alona rectangula, Bosmina longirost-

ris, Chydorus sphaericus 5°] AN HoE =2 FHEE 1}

o]

ERiTH(Table 3). waba], Ho|g BrEx|$o A [H34 F7]
& — WP A 2R (e.g., Daphnia) — Z|°]]2 o]ojX]= 4
Hotes (R4 B 288 18— 328 AdF g,
Alona, Chydorus) — X012 HZAEE A4 Heto] 1=
ojof g Aoz HoEch Yol LA F-AF N4F
£ Z33 A5 ohFst A Aol digt $3H

FHIE Bl Brlske Fa% AR R oA
MAFEE Q8= g7

X710 E HEA8A: HW. Kim, 23 2 24 HW.
Kim, 2224: HW. Kim, 912% 9 XZ2AE: H.W.
Kim, ZA1 %2 @ 74 $3: HW. Kim. & =&22] Az}
£ UES Uds] AESHYL, MH o FoFyct

Ol 2 =RlHE ol 2| ojx7l Wal 9
U,

HTH| o] =EL 20239 A et aATH TR
2 A5 92(2023-0282).

A} & =2 ANl ARetA FEs) T4 o)
AR AENA ZAEY e,
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