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Abstract  Microhabitat In the upper stream is created by various environment variables such as the bottom
substrate and the physicochemical factors, and may influence the distribution of benthic macroinvertebrates.
We investigated the bottom substrate and environmental variables influencing the distribution of benthic
macroinvertebrate in 26 stream-type waterways established at upper reaches of Geum River. During study period,
total 85 families, 160 species, 9305 individuals of benthic macroinvertebrates were recorded. The stream-type
waterways, where the bottom substrates consist mainly of pebble (16~64 mm) and cobble (64~256 mm) or
with rapid water velocity (more than 0.2 m/s) and high dissolved oxygen (more than 120%), were supported by
high species diversity of benthic macroinvertebrate. Hierological cluster analysis and the nonparametric multi-
dimensional scale (NMDS) divided 26 stream-type waterways into a total of three clusters. In Cluster 1, the
invertebrate species, such as Branchiura sowerbyi, Cloeon dipterum, Ischnura asiatica, Paracercion calamorum,
and Radix auricularia, closely related to aquatic macrophytes, and Chironomidae spp., Limnodrilus gotoi, and
Tanypodinae sp. were abundant in waterways, with high coverage of silt and clay as well as high turbidity and
total nitrogen. The benthic macroinvertebrate species (Cheumatopsyche brevilineata, Drunella ishiyamana,
Dugesia japonica, Ephemera orientalis, Gumaga KUa, Macrostemum radiatum, Potamanthus formosus,
Semisulcospira libertine, Stenelmis vulgaris, and Teloganopsis punctisetae) included in Cluster 2 were dominated
in sites with high cover rates of pebble and gravel. Cluster 3 was predominantly covered by the Cobbles, was
supported by Simulium sp. Such a clear distinction in the study sites means that each stream-type waterways
is governed by a clear habitat environment. In the case of some sites with low species diversity, improvement
measures are required to restore nature, such as improving the function of inflows and outflows, creating
meandering channel, and inducing the settlement of littoral vegetation.
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AAA Y B2 -3ty EAL g glEEY &
=9} FrFAEE 2AHAE 543 290tk (Casatti, 2005;
g g} v o

1 9let eHAZE WEgt AlAjloln, o] 2 Qlsl BETH
7o & W=7 wol AR x4 5o AEE A2
2h-g-o] k&3t o] vrAISte (Sih et al., 1985; Menge and
Sutherland, 1987). F]A4 A% 2R THEsEAL B3
A2AES B o qlom, Ao g telgt 59 3
o 71998 4= Utk (Gjelland er al., 2007). A& oL} =24 4]
=, IAME, 718 171452 S HA Y 374 o] dA
£ oPIste f4aEoH, o]59 FRFoIY AAT 23S
HAH BRAS TA 2744700 (Schmidt ef al., 2020).
FAEA ol oA FAZARZA JA|eh= o] 7Y
I 52 BT 25 7H 3l A Ao, o] 2
QI3 ket TAAE AEVFEAS =l REA A
A AAE AT 4= Ak Brandl et al., 2015). E3H A&
EZAECIY HE Eof Fo] v AH Y F1HE Fxo

HoldS &ote FAHFFTESY AAA A4y 33t
A BEE §5317)o 283t (Sun e al., 2020).

HFAY 550] A9 gl Y sk SolA & UE
He SAAES 93U AAA EFAS S7H71AL 1]
AR TRPYE of7|ske FRAO|TH(Christic ef dl.
2000). 0|5 9] 3} 7], TelT Pele) WL T
H2Egol) BEH AUNE ATT WY ohist o5
o) ) FEEL FL iR 2 TARY Hlo] &
2] 3}c} (Harrison et al., 2005). 13y o] &2 WESHA 1x
Agh= A Bl o] 59 Aoy 24 A9 &4
S wet HEE7] 4191, olHdt AL A9A A
A B84 £ Aol & op|Rith quA o=, Folut
s ARt wE 357 H|lw A 277 2 sH7|E
2 32 gEEs EAJCR Q8 $A4E0] AR5 ol
& A48 o]t} (Eriksson, 2001). LA, o] A|HofA= th
Fet 2719 A Ho] A= FAAY oA 2AAHE F
7rol A& BESolA T2 AAAZA &-§Fth(Nakano
et al., 2005). o|2|3F 514712 9] Tkl o =AH mla
MAA = FAAEET AH ez #Fo| AL w|aAd
A& AFHARE, Zolut s AR A H2A e
=eE o] ZgHh #2212 (Pebble, 16~64 mm), THHE
(Cobble, 64~256 mm) ¥ A4 (Boulder, >256 mm) A-H
72 314 W A A (Boulder, >256 mm)©|Lt S EE (Cobble,
64~256 mm), F-2AZ (Pebble, 16~64 mm) 52| H|&0| =

MESE 2 20l e g 25

1, s5o] WA WdAYsty| il sHHe] FRY st
£ o2 A3 o] A== S EH A oIt (Rosenfeld er
al., 2007). o] A|Ho|A A2tz HEFHES sHH e wE
550 F-gH 9 B ofl gt w2 §EAASL AT E

OB e £2e HES) Yo 2 Y R 5

AL AZolv FA, 7 A=A 9 w3t 442
EAE 7HAIARE ARA S-S 2 SeAEHA 3
I FEEA = BEF S 93 249 ARAH
oA LA WE BB AW AT VAN AY A
N 9 7 B SpustE SEstu, o] o3 chakd 2
719 Eo] WAL F7]&E°] &&=} (Townesend et al.,
1997). A, o] Al HATHE Y Y RHEE
22 ZUU AT FHFEEL ALY A 23 Sol
333] oEZA Ho|th(Loke er al., 2010). L2, tiF&
o HATES AVEAO) thet B2 AAAe Hg
g R 2 oFE XA 2 (Torgersen et al., 1997,
Lee and Choi, 2014; Kong et al., 2017), XA @735
TES 2Ed A= AdFog BES Holoh A4 o
FRAFFTEL ofFfEY olF Y] ¥7| Yo &3
A B0l mlaA Ao A& Bt LS &

At

Syt Folut 39 AR AHA A mdo] A3t
A Zg3he Bl Ao MAA S FEEHAY WA
© 57 diE2olnh A goldt FEE fs =4
2y g 22 e TERE2 ' 55 s A
AlA By HE o @A BEAE ST B ok
2t §&AkaL pH 59 0|3k a919] vigtf| = 7)o gt}
(Crosa et al., 2010). o] 2|3t SF k= Q17 44 ¥

0 rlo

ARAGANA AFH R Bast= AA P FHSTT
o] FHREU I AAE oplshH, A=l A9
Hgz olo]& 3= Itk (Mueller er al., 2011). Thkst 7]1&
S 7ol shHofA dolu B AAZE A At
FEEY THF 38 A 7|ofske ALRE A%
© ™ (Hansen and Hayes, 2012; Rendfilt et al., 2013), ©]
ARAGY 23Rl 8219 Yol 8 RloR
&5h= Btolth E3h S A= WAAH ARl d5EY
| o] o3t Wskel AMFRHZETEY THEA
ob7|5= Ao R HIEH O (An et al., 2019), O]
FATEY QIFFREC] TRt oyt shH oA
WFFHFTEY Al-37HE Bxof| S vzt
1 AJ¢FsFTH(Kang and Lee, 2015; Kang et al., 2016).
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4ot STk o] =T} (Yang et al., 2012; Kwak et al.,
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Fig. 1. Map of the study sites in south-eastern part of South Korea.
The study sites are indicated as solid circles (®). The small map in
the left side indicates the Korean Peninsula.

ghgolth & ATeldE oleid A4Y 28 A=}
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AR LIRS I3 fATE $57E 2ANAL

o8 AT B9 BeDL O1GE] i fU0) ATAA
25 A9 B s2olu s44718o] MekEgith(Choi ef al.,
2020).

3% 450 AT 2009 4P S 20150 8
(49~5%)°) TR (2P 89l olskeba a9l s
18 B)el 2 9 AHY HERAEE Aol 43

At 3149 Zolet 22 AR = (Daum Kakao Map)
£ ol&sto] SAHUCH, #4, 75, 7Y -7 7E
2 @A I A §4-2 FEA (Flo-Meter March-
McBirney, Medel 2000)& Al2-3le] =AW (31A 9 33
WRom ZARE PH)oR 2T, £4L $4
S (20] 25 m)E &8st &4 5]’9&"’]‘- - FER
9] 7] (inflow and outflow functions) &7 EHF49 &
A& ATE Ste R gl en, ¥ (Good), EE
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NYE +2
2 A7oME ARAe 270 weh WF (Silt and clay,
<0.06 mm), 22 (Sand, 0.06~2 mm), 7}=A}Z (Gravel,
2~16 mm), #H2AZ (Pebble, 16~64 mm), &HH= (Cobble,
64~256 mm) @ Z4 (Boulder, >256 mm) 5 6TAZ E5F
shick. 27kH o2, AN HERAFERY AAH B4
A 27 Y8l AP 27 TE 6P AY &
220 o3 TBE 7 Macrophytes) = 27
B7hetsic,

o|3}e+H @3l 2, §EAA pH, A7 AL, B, g
E4 a, 24 (Total nitrogen, TN), <1 (Total phosphorus,
TP) 5 87) $BO2, 7 AR Mol 24| Z45AY U
& A% T APAR SUEAT L7 $24LE DO
meter (YSI DO Meter; Model 58)E ©]&3}o] 33150
W, pHe} A7|HAE=T+= Z+2F pH &4 7] (Orion pH Meter;
Model 58)¢} A7| A =% =4 7] (Fisher Conductivity meter;
Model 152)& ©|-&3t5ith B=9t G4 a, T2, T8
50 = 258 98] 2 AW AT 2at A
AN Hrr EAEYY s §EE547] (Model
100B)E olgsto] ZHTHOD, JB4 a FUL, FAL
Wetzel and Likens (2000)2] o]l &3}to] B4 5]},

2 B S2old AN qERAZERS A 53 A
ZRASAZAF X F (NIE, 2019)] Z3te] A= A
A4 gEnAREEe AU 95 24 AR SR 3
N} BEF2x2mE AAsIEoH, ZF HP oA 2
m’o|| SFshs W] tig AMA HIEHFFE A
S5 A% AWAAS. SR B2 5O AR 200
o iFsh= AAHAS Esl7] o F B 1x1m T
75 olgalel 2 HUEE 5 W AYHU(1x 1m %
Fe T 6H). 24 WP WA AXAL HFFAFTES

554 (Hand net, mesh size =0.5 mm), AFZHEA] (aquatic

o

ot du nlo
1o

kick net, mesh size=0.2 mm), D frame-net (mesh size=0.2
mm)& 0§35k ZF AR AP EA o) 7]Hkste] 3
Hilth 358 7 ARE R 2 AHEARE ol%
stglon, AAE A-oAM= FEEAY D frame-netx ©]
Stk ARE AAE HFFAFTE=Y 222 A
A 96% Ethanol2 178t on, AP A sjFRAn7
2 gt S o] &5t FHEUT. 24 2ARRIHAA A
AE A @ F&32F5EL The Korean Entomological
Society of Korea (1994)2} The Korean Society of Systematic
Zoology (1997)8] ERAAE wskow, Won er al. (2005),
Park et al. (2008), Jung (2011), Kim et al. (2013), Kwon et
al. (2013)°] w2} & (Species) = 4 (Genus) 2.2 FHE QL
th ZF 2-ofA Ak2E FE AMA HEFHREES m’
T MAsE A S

=80l MMy =

MESS 2 2xof st e 27

WY SR8 PR 4718 ANY HYR
FFEY A REE sersl] §18) F7HH 240}

SqEdth 2AE A 99 BE 2AhE 2ARA
(Cluster analysis)@} H| ZThA 2 =¥ (Nonmetric Multi-
dimensional Scaling, NMDS) £4] A3& 2-§3}% 20, o]
242 o Ruspl 728 o Felaes gusis
N 25 37Me AR 2 Se2EHE Q&S
A ot 2ok A WAR, ZF S 2HE dEst
E EA (7S SELE "B 5) % AXMAY A3 FH

1

-

FFETY 2RAFEUIH L $HT B2 M A
o

< pHstgon, T HAAZ, s71d §3o] thaksiA o
58 WY 28 AR5 A E AR F24 A
g dEFAFFES LS Hdf 718 FFER 374
(1 x 1m) AR, 2 P oA FZEA, A
ZFEA), D frame-netS 0|83t AAA PLH= YL

SRS £ 2719 AL 2 k4713 RS
2ol 2 siesty] 9ol 2 ARG S2E S AL oF A

of 1Y 8 FAMdT sH7IE H &8 gt 3
FE 2SI NMDS 242 ZF A H 7F 34 5 o)l
A= 3 ol8sto] 229 #AE Uehd 4 Sl= two-
dimensional ordinationg ©]-&3}th(Field et al., 1982). T
3t 7 72 7+ A2+ Bray-Curits ' (Bray and Curtis,
1957) 2.2 AEH AT - EA (Cluster analysis)< # A
4 @FATTE TS 7Nt AR E bl frA
A& 2487 S8 S e s AFEY AL P
FAHAEFEY 9% 9 X5 272 T A 242
Jaccard (1908)9] FAMEA|4E 83515l om, AHEE FA
=5 7|2 E 4 AHE A EE UPEMA (H7154] 3
T HAZAH) S Z Clusteringdth. NMDS2} F-AHE E4] o] A
£ R BANA AF3tL 9+ vegan packageE ARSI T
(Oksanen et al., 2014).

7 AR eREE JPE ALY dFEFsES 2
A T2 A4S Al T A, -E, obAE, A
Z 2|4 (Dominance Index, DI; McNaughton, 1967), St}
I (Diversity index, H'; Shannon and Weaver, 1949), &5 %=
(Evenness, E, Pielou, 1975), &= (Richness index, RI;
Margalef, 1958)5 £33} c}.
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SHS71AE AXAY dEFAFTEY B Aole 4
| 2] BAMELA (one-way ANOVA)S o] &3to] 3948 A%
Shct. 2 S RolM RESRE AN oY
9] 93t 2ol Duncan AW (Duncan s multiple-range
test) &2 A5 A 4 (Post-Hoc Test)S 5=343to] HojZith. 2+
sHE71dE AAA Eﬁté—‘?@‘—;ﬁ—iu«l == F+t (Mean)
I} EFHX}(Standard deviation, SD)2 FHE o, Z} 3}
3718 g ZolE 3l (a, b, ¢, E EAISIT. 471
XL SPSS v.202 ARE-5He] BAE et
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2] wa} Ao|gt Ao = Vehyith(Table 1). 733 29
Bt fEZoI¢ £ 717} 5475met 146 mE FY A
v wdd of AFRE Yepgt) 2, 6, 25 AR =29
FEZol= 1000m o[Fe & 7Y Agleon, 1 9 ¥
700 m oltgitt. =21} f2Zo] 7t FAo] Hgke
™, 5, 14, 18, 19, 24 5 S22 707} B $2 (Hd 4724
m)oA FHFoR §e sRFEo] ZHETH (B 30.4
m). 7F Q& 220 18 MNP 204 40.6m=E L}
Eigon I theozl sHt 19HoA] 32.5me} 29.7 m
of ol Atk MAE =9 44 (Depthy Bt 0.6m= 4
gAHog Ioth 7MY L AL 200 AAE FRolA

Table 1. Limnological characteristics and bottom substrate (%) of 26 study sites located in the upper parts of the Geum River.

A=

22m=E 7H Fe 4]
2.1m9] zolE B
2A591} 1, 3,7, 10, 11, 13,
ole] f-&o] S vHH, YR ALY FRo

02ms’"

g
jo] %
A

(o]
LT

f

A7

AE 490 AP 2 o) o
1g s2EE 2 X}

21,228 AM7AE SR2oA=

Sites ~ ength - Width - Depth Vel Tn/out B C p G s sc M
(m) (m) (m) (m-s )

| 480 6.2 0.3 0.35 Good 4 28 28 - - - -
2 1393 53 0.3 0.03 Medium - - 2 15 60 013
3 559 35 0.4 0.38 Good s 27 47 15 6 - -
4 181 0.2 0.1 0.042 Poor - - - - 16 64 20
5 610 325 0.5 0.1 Medium - 7 4 20 20 613
6 1372 21 0.3 0.05 Medium - 510 18 0 43
7 482 5.3 0.2 021 Good - 20 45 16 6 4 9
8 141 6.1 0.8 - Medium - - - 010 16 64
9 192 5.1 0.8 0.05 Poor - - 6 12 28 8 16
10 576 34 0.2 0.37 Good n n 4 - - -
1 602 12 0.4 0.21 Good 0 13 32 2 10 312
12 430 15.4 0.3 - Poor - - - 9 12 53 26
13 330 152 1.0 0.48 Good 0 4 38 11 - - -
14 320 249 0.6 - Poor - - 6 13 13 8 20
s 530 102 02 0.04 Medium - - 7 15 16 20 41
16 270 10.7 0.4 0.01 Medium - - - 13 4 |
17 480 102 0.8 - Medium - - - T 311
18 340 406 0.6 0.04 Medium - 2 5 18 13 38 24
19 380 297 0.4 - Poor - - - - 18 4 48
20 680 205 22 - Medium - - - - 6 u 70
21 380 6.2 0.8 0.38 Good 15 21 64 - - - -
2 460 52 0.4 0.32 Good 13 % 48 7 - - -
23 645 204 0.9 - Poor - - - - o 418
2 700 243 11 - Poor - - - 7 % 813
25 1270 254 1.4 - Medium - - - s 4 18 25
26 420 23.1 0.6 - Medium - - - 2 4 813

Width, mean width; Depth, mean depth; Vel., velocity; In/out, inflow and out flow functions; B, boulder (>256 mm); C, cobble (256~64 mm); P, pebble (64~16
mm); G, gravel (16~2mm); S, sand (2~0.06 mm); SC, silt and clay (0.06 mm or less); M, macrophytes.
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Table 2. Environmental variables in 26 study sites located in the upper parts of the Geum River.

Sites WT DO pH CondLI Tur. Chl. f\l TN L TP |

§®) (%) (uScm ) (NTU) (mgL™) (mgL™) (mgL™)
1 13.7 136.4 6.4 133.0 0.9 0.2 1.25 0.01
2 20.2 85.2 6.8 189.6 42 10.8 1.81 0.08
3 14.7 139.5 6.6 132.5 0.5 1.5 1.11 0.01
4 22.6 46.1 6.6 3114 29.6 37.8 3.81 0.58
5 22.9 66.1 8.0 240.2 14.7 10.9 2.56 0.25

6 26.7 70.8 7.5 229.5 2.5 13.4 2.36 0.029
7 14.4 113.6 7.8 125.6 0.3 1.6 1.15 0.01
8 24.5 87.7 7.5 257.5 5.0 11.0 2.15 0.04
9 26.0 41.8 6.9 442.1 15.8 23.2 3.07 0.20
10 15.4 121.5 6.5 128.4 1.7 1.8 1.26 0.03
11 16.2 148.1 6.3 146.2 1.3 19.1 1.02 0.07
12 27.7 459 7.7 370.5 23.5 24.3 3.76 0.41
13 15.5 128.7 7.1 295.2 1.7 24 1.19 0.01
14 24.7 46.3 7.4 349.5 18.8 25.1 2.89 0.32
15 19.5 75.3 7.3 268.5 32 13.3 2.11 0.03
16 20.7 97.7 7.4 258.8 37 10.3 2.25 0.13
17 24.3 69.8 6.8 203.5 74 13.8 2.18 0.16
18 27.3 55.5 7.0 398.4 12.7 12.6 2.24 0.28
19 26.2 38.05 6.7 400.5 18.8 22.5 3.39 0.21
20 259 91.6 7.2 313.2 6.6 14.6 2.15 0.09
21 14.2 138.3 6.2 141.8 1.3 2.8 1.15 0.04
22 16.2 126.4 7.2 128.4 0.9 1.9 0.84 0.02
23 23.2 43.2 6.2 364.3 12.4 20.1 3.08 0.23
24 24.5 32.1 7.2 321.8 11.6 18.2 3.08 0.27
25 25.8 83.1 6.5 240.5 52 10.7 2.41 0.08
26 26.5 614 7.3 305.9 8.3 15.4 1.86 0.08
Mean 21.5 84.2 7.0 257.6 8.2 13.1 2.16 0.14
SD 4.9 36.8 0.5 97.5 8.0 9.2 0.87 0.14
CV 22.6 43.7 7.2 37.8 97.5 70.6 40.49 102.33

WT, water temperature; DO, dissolved oxygen; Cond., conductivity; Tur., turbidity; Chl a, chlorophyll a; TN, total nitrogen; TP, total phosphorus; SD,

standard deviation; CV, coefficient of variation (%).

2 9§25 7150l 94 Good) T AL
A, 0] AL AR AFEIAE BE (Medium)
% U} (Poor) ©.2 Uebigtel.

71 ER AR SR thet 2 Aol7t BAHY
T} (Table 1). F-&0] W2 ZARA (U, 3, 7, 10, 11, 13, 21,
29 A Y DL hEE TR Gravel), FEA
2 (Pebble), Z8HE (Cobble)9] Bl&o] & WHA, e 58
o] BHEA HAY ARG SR ML olurt Fe 7]
Q1 %o} (Sand)th A (Silt and clay)] Bl-go] EA 7%
Sich B AFOR FAE AR AP $2(6.8, 17,20

ol A= 48241 = (Macrophytes) ] Bl&°] &3}t 22u
A (Boulder)9] Bl&2 ZAME MY FROA H& AL
= sers et

MY FRoA FH 8L FEHE Joldt EHS
EFWTh (Table 2). 23} &84, pH, A7 AR, &
59 #&FH 890 HEAS(CV, Coefficient of variation)7}
50% w9tz ZAMX|HE 7hol| Zpo|7} wi-$- w|m|gk Wi,
g, 454 a, U2 AHHeE Z HEASE 7HH
T2 A7NAEE, g, 84 a, T2, FHae 359
A2 AU AAE ALY 24,9, 12, 14, 18, 19, 23, 24,
25, 2680l Eokem, W= &E4AE o] FESA
A SR =R 2 A sEAA S el 45 71l
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Fig. 2. Clusplot (a) and dendrogram (b) for the hierarchical cluster
analysis based on the bottom substrate and environmental variables
investigated at 26 study sites located in the upper parts of the Geum
River. The red lined rectangle indicated differentiated three groups
by height level of 14.03.
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Fig. 3. Abundance and species number of benthic macroinvertebrate at 26 study sites located in the upper parts of the Geum River.
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Table 3. Dominant species and Community index at 26 study sites located in the upper parts of the Geum River.

E [T

Ho

Sites Dominant species Subdominant species DI H' E RI
1 Drunella ishiyamana Potamanthus formosus 0.18 3.19 8.25 0.81
2 Simulium sp. Cheumatopsyche brevilineata 0.46 2.81 10.15 0.69
3 Simulium sp. Cheumatopsyche brevilineata 0.41 2.77 7.98 0.72
4 Limnodrilus gotoi Chironomidae spp. 0.65 2.08 5.55 0.61
5 Limnodrilus gotoi Chironomidae spp. 0.79 1.73 6.66 0.46
6 Chironomidae spp. Limnodrilus gotoi 0.26 2.98 8.09 0.76
7 Simulium sp. Cheumatopsyche brevilineata 0.52 2.56 6.93 0.67
8 Chironomidae spp. Limnodrilus gotoi 0.50 2.02 3.38 0.69
9 Limnodrilus gotoi Chironomidae spp. 0.84 1.37 3.34 0.44

10 Drunella ishiyamana Dugesia japonica 0.31 2.48 3.47 0.81
11 Simulium sp. Drunella ishiyamana 0.61 1.95 4.93 0.59
12 Limnodrilus gotoi Chironomidae spp. 0.75 1.83 5.47 0.53
13 Potamanthus formosus Drunella ishiyamana 0.27 2.76 5.21 0.79
14 Limnodrilus gotoi Chironomidae spp. 0.91 1.14 241 0.41
15 Limnodrilus gotoi Chironomidae spp. 0.69 1.59 3.67 0.49
16 Limnodrilus gotoi Chironomidae spp. 0.73 1.87 4.49 0.57
17 Chironomidae spp. Limnodrilus gotoi 0.52 2.00 2.56 0.74
18 Limnodrilus gotoi Chironomidae spp. 0.90 1.10 2.50 0.39
19 Limnodrilus gotoi Chironomidae spp. 0.73 1.78 3.59 0.59
20 Chironomidae spp. Limnodrilus gotoi 0.49 2.05 2.86 0.72
21 Drunella ishiyamana Dugesia japonica 0.31 2.36 243 0.87
22 Dugesia japonica Drunella ishiyamana 0.32 2.43 3.31 0.81
23 Limnodrilus gotoi Chironomidae spp. 0.91 1.06 1.91 0.44
24 Limnodrilus gotoi Chironomidae spp. 0.88 1.14 1.53 0.52
25 Limnodrilus gotoi Chironomidae spp. 0.80 1.49 2.60 0.55
26 Limnodrilus gotoi Chironomidae spp. 0.91 0.98 0.97 0.55
otE| 3 Itk (Kim et al., 2013; Jeon et al., 2019; Hong and oo, ZuLF (C, Chironomidae spp.), AA o] (Lg, L
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