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Abstract

This study aims to identify benthic macroinvertebrate fauna inhabiting at the mountain valley stream (Mt.
Cheonggye) in Korea and the relationship between physical environmental factors and biological indices.
Benthic macroinvertebrates were collected at five locations on August 24 and October 14, 2020, and were
identified as 4 phyla, 7 classes, 16 orders, 42 families, and 72 species. Dominance ranged from 0.38 to 0.59,
diversity 2.81 to 3.75, richness 3.25 to 4.63, evenness 0.65 to 0.84, and %EPT (Ephemeroptera-Plecoptera-
Trichoptera) richness value 42% to 73%, respectively. All sites were evaluated as a very good status by
mostly biological indices based on tolerance of indicator organisms in Korea. As a result of principal
component analysis, biological indices are classified into species-level indices and higher cartegory-level
indices according to the taxonomic level of the indicator organism considered in each index. As a result of
canonical correspondence analysis, it was confirmed that current velocity was a major factor that increased
species richness and classified biological indices according to taxonomic category level. Water depth was a
major factor related to the community indices, and the deeper the water depth, the lower the diversity and
the evenness.
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1. Introduction

AAEE A Mz2T, ], FAA, A 2A 3
€ A= °F 618 m| tolH EEo = A 4ol o
A ATHON et al,, 2006). FAFE 7185kt A =A19
=25 WelFe 71588 59 EAe 7lse o, iR E
ol XTI I BEEC] AASAL A I T dEE2
AgAlell sl 2004 10€] B - FRARFAF oz A

Hol FHFH QAtHNam et al., 2009; Oh, 2022; Yun and
Oh, 2021).

A AE st oz BAFoof & 7EX|7F 9oy o] &
otsty] s BEA A T2 AES FHLE FYH
£ 3(Ahn, 2003; Ban, 2008; Kim and Oh, 2018), g4tk
ot 22 tE Al vl o7 BE dg AL
7F &3 dHEeltiJang et al, 2020; Kim et al., 2013;
Wang et al, 2016). E3 A& FHo AL U= F&

EAAES AMA NIEHEZEE9 BE EX0 o]ty
2 Al ARod Ae Zad AT 59 AAY
WP FAFsEc] et ZAAEE BA Bthlee, 2020).

AHAE FHe o8 BE T AXME HEFHFFELS
S A A AAF 2BAZA HolAt&d A FaT 9
S Sth(Pennak, 1989; Orth and Maughna, 1983). H=3F A A
d HPFRFFES GFAHA Y g8 MAd H&
skl A2sta glow Q19F 34 wsle| WstA whes
7] Wl shd9 vt F 8RS dHstE NEPER
A a8 #d ZYHEHPCd #f&stA H&HI A
(Beche et al., 2006; Hynes, 1970). o]<jol= A4 A+
A< AHEY, 71$Hs 5 OGS ZokdlA AT
3L 9JtH(Rosenberg and Resh, 1993).

2 ATFNA SHE E A2 dHer FALT ddd
-4740} st o AMY HIFHFTES RAMSHA 7| F 35t
FAGAC de A28E F7F 9 Jdste] AN BAS
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Table 1. Location of the Sampling sites

Sites Location Latitude Longitude

Gyeonggi-do Uiseong-si

St 1 Cheonggye-dong 29

N:37°24°24.60" | E:127°01°50.77"

Gyeonggi-do
St. 2 | Seongnam-si Sujeong-gu | N:37°24°29.78" | E:127°04°17.19"
Geumto-dong 533-1

Gyeonggi-do
St. 3 | Seongnam-si Sujeong-gu | N:37°25°31.27" | E:127°04°05.00"
Sangjeok-dong 335-9

Seoul Seocho-gu
:37°26°04.03" | E:127°03°42.01"

Wonji-dong 576 N:37°26°04.03 7°03°42.0
Seoul Seocho-gu

:37°26°52.86" | E:127°02°45.15"
Wonji-dong 597 N:37°26°52.86 7°02°45.15
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Fig. 1. A map showing the 5 sampling sites at the Mt.
Cheonggye in Seoul, Korea.
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etk e HEYA(S,, . b=Log)", D,=%7(mm)) (Korea Thermality Index, KTI), A& =X (Benthic

2 Kong and Kim (2016)¢] W< wat 2&3stch Macroinvertebrates Index, BMI), AA&& 3JtAEAF
zZ+ ZAF8 AN A D-frame net (30 x 30 cm, FE 1 m)< (Benthic Macroinvertebrates Streambed Index, BMSI), A4

AL ImE Fo] AMA QERAEZZES AT S 4 HPFEHFZE FAEHF 5 (Total Ecological Score of

At AAF ABE 500 ml SErAE Ho| Dol oA Benthic Macroinvertebrates Index, TESB), AA4 td 3

95% Ethyl alcohol 2 AR, P2 out T YU E F52 HFY A (Average Ecological Score of Benthic

2RE AEAEE SFHH F 574835t 80% Ethyl alcohol®ll
&

A|F(Table 2)E A&t BEAF T 2T AT

Macroinvertebrates Index, AESB)+= & 59 A EAE 7|
gteg JiEE AgolH, AXEE  FHHEFAF(Benthic
Macroinvertebrates Family Index, BMFI)= I (family) =,
NZAERILAFEPT)E S(order) 7, FOIAMEEAF
(Simple Benthic Macroinvertebrates Index, SBM)&= & T+%
A Z(class)ell ol2+= FAEFFY AFEAE 7|We =2 A
E Aol

Table 2. Community indices and bitoc indices of benthic macroinvertebrates used in this study

Indices

Equation

components

Diversity index
(Shannon and Weaver, 1949)

S
H==2 plogp,, p,=

=)=

i=1 S: Total number of species
Richness index R S—1 p;: Proportional abundance of species ¢
(Margalef, 1973) InV N: Total number of individuals
Dominance index . N, + N, N;: Number of individuals in species i
(McNaughton, 1967) N NV;: Number of individuals in 1st dominant species
Ev?nness index L i N,: Number of individuals in 2nd dominant species
(Pielou, 1975) log, S
E,P,T: Number of species
. in Eph t ,
Intolerant order category index  E+P+T Tn phemeroptera ()
(Lenat, 1988) EPT= g in Plecoptera (P),

in Trichoptera (7)

S : Total number of species
N i:  Number assigned to the species
Etihigz n: Total number of species
KTI=|4—"=1 ] |x25 t,: Thermal value of species ¢
Zhigi h;: Frequency of species i
=1 g;: Indicator weight value of species i
Korea Thermality Index -
(Kong et al., 2013) Biological level KTI Thermal status
A 75 <~100 Very sensitive
B 50 <~<75 Sensitive
C 25 <~<50 Normal
D 0~<25 Tolerant
. .. The number assigned to the species
N s, n: Total number of species
BMI=|4—=Y  |xo5 s;.. The saprobic value of species ¢
Zhigi h;: The relative abundance of species 4
=t g;.. The indicator weight value of species i
Benthic Macroinvertebrates Index Class BMI Status
(Kong, Son et al.,, 2018) A 80 < ~100 Very good
B 65 <~< 80 Good
C 50 <~< 65 Fair
D 35 <~<50 Poor
E 0~< 35 Very poor

i
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Indices

Equation

components

S rh,

~.

The number assigned to the family

= n: Total number of family
BMFT=— /;: The sensitivity value of family ¢
i;}Li h;: The relative abundance of family i
Benthic Macroinvertebrates Class BMFI Status
Family Index A >7.0~10 Very good
(Kong et al., 2019)
B >5.7~<7.0 Good
C >44~<57 Fair
D >3.1~<44 Poor
E 1~<3.1 Very poor
N i: The number assigned to the species
Ellhl n: Total number of species
BMSI=|4— =1 % 925 l;: The lithophilic value of species i

h.: The abundance frequency of species 4

g;: The indicator weight value of species 7

Benthic Macroinvertebrates

Streambed Index Lithophility class BMSI Lithophility
(Kong and Kim, 2019) A 80 <~100 Lithophilous
60 <~< 80 Psephophilous
C 35 <~< 60 Moderate
D 25 <~<35 Psammophilous
E 0~<15 Pelophilous
Total Ecological Score of Benthic s
Macroinvertebrates community TESB=Y,Q, .
(Kong, Park et al, 2018) i=1 s.: Total number of species
: . @.: Environmental quality score of species i
Average Ecological Score of Benthic ESI (=1, 2, 3, 4, 5)
Macroinvertebrates community AESH= =1 T
(Kong, Park et al., 2018) s
ESB
Class
TESB AESB
A > 95 > 37
ESB
> >
(Kong, Park et al., 2018) B =10 =3l
C > 30 > 26
D > 13 > 2.1
E <13 <21
SBMI— axX0+bX1+cxX2+dx3+ex4 a,b,c,d,e @ sum of saprobic valency corresponding
atbtctdte to occurrent groups
Class SBMI Status
Simple Benthic Macroinvertebrates A , 0~<10 Very good
Index
<~<
(Kong, Min et al., 2018) 10 =13 Good
C 1.5 <~< 19 Moderate
D 19 <~< 23 Poor
E 23 <~4.0 Very poor

23 EHEN
a9 83 aR1H AEASFT 1+ FAE oty 9
st ol FF/FA EX(pearson’s correlation analysis)Zk

/4 -84 (principal component analysis, PCA) 2 ZFt-&

Z(Hwang et al., 2011; Jun et al.,, 2016), Z+ 2219 gk
I Hags 1S A 1S &5t AFSEidn. FH4E
24 9 FFE-SEA o= PC-ORD (MjM Software, version
6.22, Gleneden beach, Oregon, USA)E &-&3}9th.

Aw :(V,rivmin)/(vmaxil/min) (1)
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4, 1 7 29 ABA 2o sl N7 Aoz Yol AY B $E 0] Fe]
v, o 7 8”9 % ARA FFL FATAL 7] ohh Wby B ATolA
Vot 2 8919 Hazk UEhd $Z3 §40] tid 529 4BBAL Aol ng
V.7 aQle) Huzk gQloz 8P RYu|g F@og B & gk 1 9 g
294 29 el $oF FBol UebA ot v
FpARoze 259 WAL Hotel] ode Ao

3. Results and Discussion Uehyteh
212 AEE 74 294 ad AFA(4,) 2 FHEEA

31 22|H &Eeel S AXNG AT AFHEAA E 824%9] 4EH(Axis

BE ZAAHY SARHL 10 I vlErolglon]

EE 68~169 m H A thHTable 3). E<=7]o] AAHAHA |

3

473%, Axis 2: 23.7%, Axis 3: 11.4%)< B ATKFig. 2).
o4 QAFE, 9%, St £ 9 de] BAYE

A AL A9 gEish v e W 23 A Aol S0l AIFHROR TRHLH, FegE 4919 gol ALS
FolAa, fgel FUA FEo] FopI F4le] b  wEABEAMY Aiksh 2ol F2o] EokAr Wl Y
ol =AY Y BFUF G4 ok fEol  FEYZS Fok: ACE vekth FYHADR wxt

=gl ue ARAAASS ¢ F AU A2FHROR FRH AT} £254E FYWH] Fo
=84 8 FAMe Fate] FEF f&d o ¢ A, S 2L AZFHRLE FRE o] FFo] Hi

Zo o] JPAL BATHTable 4). YWHo2 72 2 40 ALFE §20] AL A0 vehyt

52 5%o] YOI f&o] =AM Foo] FolA Ly ANFARH A2FHEY ARRANA 13 2AA] 24

(Lee et al, 2008), & A7 ZAAHLE FfFelM sti= HES EF A2 REw A3ARERl A6k 23k 24

olojA = ALH FATL ol AZ FHAQ AR & Al ZAAHES BF AAERT A4AHEH X5t

Fol APHnE FABA £H WS wdetA F= A2 FalaA TFRAYG ol 2H ZAM) e F2 57

o E@ $Zo] FopA T fd0] mR FLAd ool oA 2913 £ 9 sk FFPZ] FAF o) Kol

23 A} A9 el gl olRold 13 24 AlY £ 1 9ee & 5 Atk =F A% Agsk A3ARE}

Table 3. Physical environment at the sampling sites

Catchment area Altitude temwzrtaetrure Water width Water depth iﬁ?}t] M:;ms u(}i)i:tlrr:t:;er

(ki, DA) (m, AL) Cown | @ wWwW) @ owpy | RO @)

St. 1 2.0 169 20.2 3.0 19.3 44.08 -5.56

St. 2 9.9 98 21.7 7.0 25.7 29.96 -5.04

1% Survey | St. 3 34 113 21.9 10.0 20.0 71.95 -5.85
St. 4 0.9 113 21.7 4.0 16.0 45.30 -2.87

St. 5 7.3 68 21.2 3.0 11.7 72.24 -6.19

St 1 2.0 169 12.8 2.5 8.4 24.62 -4.16

St. 2 9.9 98 13.6 2.0 152 34.55 -2.92

2" Survey | St. 3 34 113 13.6 2.1 23.5 37.78 -3.99
St. 4 0.9 113 12.4 1.0 7.4 9.90 -4.44

St. 5 73 68 12.5 1.3 8.6 23.46 -3.03

Table 4. Pearson’s correlation coefficient and significance between physical environmental factors of the sampling sites

variables Catchment area Altitude Water temperature Water width Water depth Current velocity
Altitude -0.62 - - - - -
Water temperature 0.04 -0.04 - - - -
Water width 0.09 0.01 0.73* - - -
Water depth 0.22 0.07 0.54 0.59 - -
Current velocity 0.07 -0.18 0.73* 0.58 0.33 -

D, 0.04 -0.12 -0.56 -0.49 -0.25 -0.57
* p<0.05
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1=

1-6-
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Fig 2. Principal component analysis (PCA) based on adjusted values (4,) of each physical variable. (A) axis 1 versus axis 2

and (b) axis 2 versus axis 3. The gray circle are 5 sites and arrow length is proportional to the relative importance of
each physical variable. ‘-1’ and ‘-2’ mean the first and the second survey.

AartEmo] Akl the Aol vs) griH oz nEst
23 fouse] Y Agor TRHUTh A2FH 8 A
3FAR) ARRNAE A2 4o Agoz ol
He Ag% TEHE 42 ¢ 5

FHR g3 FIF FBYL ol 29 FA A
Z §%, 49 BEYE

3T FHEE T, T , , A
o £oF F¢on, ARFPYE FHY FAEE FHHEAT
A=Y o7 A, AZFHE #He FAY FE=0t
=9 TH(Table 5).

32 MMY e RHFSEY

AA ZAARAA AYE XY HIFHFFTES T 4
T 74 165 423 7259 i Appendix 1). &5 FAA = 3F
ZA0| R} 198264%)22 71F Bo] 2P oH

T 175(23.6%), 27+ 155(20.8%), ZE:F 55(6.9%),
AR F 35(@2%), =HAF 15(1.4%), B2/ 15
(1.4%), GFAEEF 1E(1.4%) 22 & 62%(86.1%)°] =3t
Atk H2EFe AASEFTT 58(6.9%) 22 7Hd Bol &
datPon 1 gt HYFEF 15(14%), AF5EF 2%
(2.8%), B4F 15(14%), WTF 1Z514%)22 £ 10F
(13.9%)°] E3ds¥th 2gl vlus N7es +873 Frt
o &&= Qe EPTT(EH-ECIE, A= &, d=d5;
Trichoptera) (Lenat, 1988;
Edegbene et al., 2021)2 & 41%(56.9%)2.2 Aul o] 49
&S A s

Ephemeropetra, Plecoptera,

3.3 WEX|F

o
£d E+ 9

AAGE A7 2 A B g2 e

Table 5. Result of ordination by principal component analysis (PCA) of physical environmental factors. (a) axis summary of
PCA and (b) pearson’s correlation coefficients between values of PCA axis and values of physical environmental

factors
variables | Axis 1 ‘ Axis 2 Axis 3
(a) Axis summary statistics of PCA results

Eigenvalue 0.455 0.227 0.110

% variance explained 47.3 23.7 114

Cumulative % variance explained 47.3 71.0 824

(b) Correlation coefficient for physical environmental factors

Catchment area -0.14 -0.92%* -0.09

Altitude 0.06 0.85%* -0.33

Water temperature -0.94%* 0.06 0.02

Water width -0.83** 0.03 -0.18
Water depth -0.65* -0.09 -0.69*

Current velocity -0.81*+* -0.05 0.34

average of @, 0.70* -0.23 -0.39

* p<0.05, **: p<0.01
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Table 6. Number of species, averaged values of community indices and biological indices, and evaluation of environmental

status at the sampling sites

Site 1" Survey 2" Survey
biological index St.1 | St.2 | St.3 | St.4|St5|St1|St.2|S.3|St4]Sts5
Individual abundance (IA) (Ind./0.36m”) 136 40 64 150 121 188 308 520 260 87
Number of species (SN) 19 11 12 21 25 23 32 31 15 20
Dominance index (DI) 0.70 0.48 0.59 0.65 0.40 0.38 0.45 0.59 0.52 0.36
Species diversity index (H’) 2.34 2.92 2.79 2.82 3.76 343 3.53 3.09 2.80 3.74
Species richness index (R) 3.66 2.71 2.64 3.99 5.00 4.20 541 4.80 2.52 425
Evenness index (J) 0.55 0.84 0.78 0.64 0.81 0.76 0.71 0.62 0.72 0.87
EPT 0.42 0.73 0.58 0.48 0.56 0.61 0.59 0.55 0.53 0.60
64.9 52.1 59.1 70.1 72 72.8 59.8 574 729 67.3
Korean Thermaily Index (A - D)
B B B B B B B B B B
85.6 88.1 86 91.8 91.5 88.1 88.5 87.1 93.2 89.9
Benthic macroinvertebrates Index (A - E)
A A A A A A A A A A
73 7.8 7.6 8.0 7.8 7.2 7.7 7.3 7.2 7.5
Benthic macroinvertebrates Family Index (A - E)
A A A A A A A A A A
0.55 0.89 0.69 0.54 0.69 0.75 0.89 0.77 0.71 0.94
Simple Benthic Macroinvertebrates Index (A - E)
A A A A A A A A A A
78.9 70.7 86.8 82.1 87 80.5 722 72.5 83.3 713
Benthic macroinvertebrates Streambed Index (A - E)
B B B B B B B B B B
Total Ecological Score of Benthic Macroinvertebrates | 71 43 45 86 103 93 127 120 63 78
community (A - E) B C C B A B A A C A
Average Ecological Score of Benthic 3.74 391 3.75 4.10 4.12 4.04 3.97 3.87 436 3.90
Macroinvertebrates community (A - E) A A A A A A A A A A
HIE 5o 2PAS gt 9 BRE /WS £ TESB % & 2% Rtk Jgu 4% FREG NgEg 2y
4] WEol ZEH(Table 6), o1& 25 2 AN gele]  FHoz Brsts ANY NILAFEE 469 (TESB)
e Aoz BRIt ol¢ Wi A7 NFEE Ve g o BrtsEe W FIA)~ EE(C)’ FES BEYEd,
& 7R EATE AY 2 A7 ©E Aolrt 2A] ol MG TAA Gl 4 FA Y FRALEA A2AY T
&gkt E7F ZShaL 12k AL Al A9 9F= AT S ALR
EE AN FF2FBEAFKTD) g2 50 o] dez Helth
254 TH°l ‘WABY FELE FrEHAoH, F2o] A BEAF ol Y FTFEE WHddte AF(ETF, TF
AR FE AH29 AH39 KTI #kol oh& A o] &, TESBY7} 793 &9 ZB48 S Byen, Ax+y 1z
3 gttt AXZSEAFBMI) Fh 85 o] Fo 2 uj¢ ¥F T 7¥te g sl A 4(BMI, AESB, BMFI, EPT, SBMI)
Ay SHLEA A dZAG S FET el 53] A AME F £F9 A9 BMISH AESB, FRF A 54
4k AH59 At U 2L A0z PNt ANS  EPTS SBMI o] 919t %e] A¥go] Uetont 3
= I %‘—XH(BMFI) e 72 ooz FFgEst H 9 BMFI= 9 A5 4#gdo]l E3tthTable 7). 2
Fo(AY T FEIH, (FATE £& FE0] FE olFo t o] Awtdor Fsstd EH FF LRl =LY
T 93t %% & F Aot AXMEE FAHFAF(BMSI) ZAo| 8 99107 AL ANA A= BESFH
HE 70 oo R ‘AZAHNSHYBEHE) 22 HIFEHUT 1 WE7E AEAT o] BAE 2Fse 2o Btk 2%
AzAb wla 23424 A Bhge] BEggel 2 Aokl FL WISHE KTIE F £F9 URE A% AESB ¥
A3 AFS5AA = 22k2AE A8 BMSI kol SEisHA & Fe HEE wYGshs BMSISH F9 49 HAES B
B S e, ols A U N =2 ARTLLTFE 29
AXY HIFHFEE AHFETESB) T AAE B F 2 e dsske Y58 SF7F 87 9 RAeR g
A252 FRADAFAESE) S 370 olFoR WMeF Ak ZPAFSG ABAF el FEF A5 EPTS
2(A) sHLE B SBMIZ} 247 =8 #5=el tatd 93 ¥ 4B
AR & W) ARTY NS Ve G4 AE HAE B, & 5 ASAF vstd dAEF A
Ao BheEE EF eI SA) SFLE 48 3 7t AATG US 52 FREE Bole ool disiA

i
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Table 7. Pearson’s correlation coefficient and significance between biological indices of the sampling sites

index 1A SN DI H R J EPT BMI BMFI SBMI  BMSI KTI TESB
SN 0.73* - - - - - - - - - - - -

DI 0.15 -0.17 - - - - - - - - - - -

H 0.05 0.50 -0.89%* - - - - - - - - - -

R 0.46 0.94**  -0.32 0.66* - - - - - - - - -

J -0.52 -0.34 -0.80** 0.62 -0.14 - - - - - - - -
EPT -0.22 -0.21 -0.66* 0.44 -0.13 0.80** - - - - - - -
BMI -0.02 0.00 -0.30 0.31 0.02 0.24 -0.05 - - - - - -
BMFI -0.41 -0.05 0.02 0.16 0.15 0.26 0.19 0.24 - - - - -

SBMI 0.07 0.14 -0.72%* 0.62 0.19 0.65* 0.80**  -0.04 0.11 - - - -
BMSI -0.38  -0.30 0.07 -0.05 -0.24 0.08 -0.39 0.32 0.03 -0.60 - - -

KTI -0.09 0.09 -0.22 0.22 0.13 -0.04 -0.46 0.63 -0.21 -0.41 0.66* - -
TESB 0.71*  1.00%* -0.21 0.53 0.94**  -0.31 -0.20 0.09 -0.02 0.13 -0.26 0.16 -
AESB 0.15 0.05 -0.30 0.23 -0.03 0.14 -0.02 0.91**  -0.01 -0.07 0.30 0.65* 0.14

* p<0.05, **: p<0.01
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Fig 3. Principal component analysis (PCA) based on adjusted values (4,) of each biological index. (A) axis 1 versus axis 2
and (b) axis 2 versus axis 3. The gray circles are 5 sites and arrow length is proportional to the relative importance
of each biological index. ‘-1’ and ‘-2’ mean the first and second survey.
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Table 8. Result of ordination by principal component analysis (PCA) of biological indices (a) axis summary of PCA and (b)
pearson’s correlation coefficients between values of PCA axis and values of biological indices

variables Axis 1 | Axis 2 | Axis 3
(a) Axis summary statistics of PCA results
Eigenvalue 0.490 0.400 0.355
% variance explained 315 25.7 229
Cumulative % variance explained 315 57.2 80.1
(b) Correlation coefficient for twelve variables
1A -0.44 0.67* -0.19
SN -0.79** 0.60 -0.07
DI 0.70* 0.60 -0.26
H’ -0.88%* -0.33 0.25
R -0.84%* 0.41 -0.02
J -0.28 -0.93%* 0.17
EPT -0.33 -0.82%* -0.29
BMI -0.19 -0.11 0.81%*
BMFI -0.12 -0.36 -0.10
SBMI -0.63 -0.60 -0.36
BMSI 0.39 0.01 0.75*
KTI -0.05 0.21 0.92%*
TESB -0.81%* 0.58 0.01
AESB -0.18 -0.01 0.79%*

* p<0.05, **: p<0.01
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Fig. 4. Canonical correspondence analysis (CCA) based on adjusted values (4,) of biological indices and physical variables.
(A) axis 1 versus axis 2 between indices and physical variables and (b) axis 2 versus axis 3. The gray circles are 14
biological indices and arrow length is proportional to the relative importance of each physical variable.
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1~22F FALAREE BEF TS BAHJE FEE2H g F Urh BF FA2 AT #EE a0z A
o] At ALl 23F 2ARAE TR FEA SRS 2 FAol AeFs IMATS AR 2ok v o
FAME BEAFES T FFEE HFste AFSF =9 #5Ee oS € F Utk
F, TFE, TESB)H 4T IHEE 7|vte g & A+ T FTHES JY ABLE Hole QA F2& A
E(BMFI, EPT, SBMI), & ¢ UAEE 7|We g 3 A datis BE a0 F¥F #Ho] e wl FFe] g2
FE(KTI, BMI, BMSI, AESB)Z 1F3H . 18 g Fré&ol WA Z7] Fgo] &es] dojue L9 HEe
294 #7092 22 B3 £42 BT o] EolAT el 71do]l zASEWA SAAE] Bol

84 82 T 52 AIFAHERT Foe FRFBAE A= A= olsi ArkBrown and Brussock, 1991).
Heon, §o48 HolxlE oy 2, £4, FE9 Sandin (2003)> =9 AGdA AXY I FHFF=
£o2 JAEIF ERTHTable 9). $41S A2FHEGT & 9 EIMATE 7o s BEEx dFS A= ¥4
YHoe ¥& 4VES BYo, GES AIFARGG ¥ 292 BAF A% 9534 37179 240 AAY UF
o JBEZ BPOU A3FYRY M¥Ye] Yomy 2 RHFEEY RIS Hgsted o 480 o B2 A
delt gt Aoz waHt FYRERY ARG §¥S HPOT RISYh Jun ot al 2016)S T 3
Fig. 44 Yeides &Y 2X5 3 4 52 o AXY dIFHAFEEY ITH BRI AVAEE,
F T IHEE Ve ¢ ASEF AT U BODs, T-P & 3394 2Q1sd v 1%, oty 7129 =
EEVINeR  AFES Bdste F& oW, #50 4 9 fr&o] ld ez & IS rAe 2ot B
HEFE Fo FHEG BEE AFEY #ol AA= AS g = gl
Table 9. Pearson’s correlation coefficient and significance between environmental factors and biological indies

index Catchment Altitude Water Water Water Curre.nt Mean diameter
area temperature width depth velocity of substrate
1A -0.18 0.11 -0.58 -0.52 0.08 -0.27 0.36
SN 0.15 -0.07 -0.45 -0.60 -0.11 0.01 0.43
DI -0.55 0.45 0.46 0.29 0.55 0.24 -0.15
H 0.56 -0.59 -0.41 -0.37 -0.48 0.00 0.27
R 0.32 -0.21 -0.30 -0.53 -0.16 0.15 0.37
J 0.58 -0.62 -0.04 0.23 -0.28 -0.01 -0.08
EPT 0.68* -0.38 -0.08 0.31 0.16 -0.18 0.01
BMI -0.09 -0.47 -0.17 -0.45 -0.62 -0.27 0.28
BMFI 0.45 -0.55 0.66* 0.40 0.28 0.48 0.09
SBMI 0.76* -0.50 -0.50 -0.12 -0.04 -0.40 0.32
BMSI -0.50 0.01 0.31 0.20 -0.47 0.50 -0.46
KTI -0.52 0.12 -0.24 -0.53 -0.87** -0.12 0.07
TESB 0.14 -0.09 -0.45 -0.63 -0.17 0.00 0.44
AESB -0.20 -0.20 -0.31 -0.48 -0.63* -0.39 0.20

Table 10. Result of ordination by canonical correspondence analysis (CCA) (a) axis summary of CCA and (b) pearson’s
correlation coefficients for the three axises with four physical variables

variables Axis 1 Axis 2 Axis 3
(a) Axis summary statistics of CCA results
Eigenvalue 0.358 0.211 0.049
% variance explained 56.9 335 7.8
Cumulative % variance explained 56.9 90.3 98.2

(b) Correlation coefficient for seven variables

Water temperature 0.81 -0.47 0.08
Water width 0.61 -0.05 0.81
Water depth 0.74 -0.67 -0.05

Current velocity 0.97** -0.20 0.14

* p<0.05, **: p<0.01
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Appendix 1. Abundance (Ind./0.36m’) of benthic macroinvertebrates at the sampling sites

Site Ist 2nd
Scientific name St. St. St.3 | St St. St. St.2 | St3 | St4 | St
Phylum Platyhelminthes
Dugesia sp. 4 3 2 3 2 12 5
Phylum Mollusca
Semisulcospira forticosta 4 16
Semisulcospira gottschei 5
Semisulcospira libertina 2 3 3 2 1
Physa acuta 1 1
Pisidium coreanum 1
Phylum Annelida
Eisenia sp. 1
Limnodrilus gotoi 1 3 1 1
Phylum Arthropoda
Gammarus sp. 83 4 73 7 31 7 9 85
Collembola sp. 1
Acentrella sibirica 2
Baetiella tuberculata 4 19
Baetis fuscatus 12 5 24 1 3 2 28 75
Baetis silvaticus 2 9 36 9
Baetis ursinus 4
Labiobaetis atrebatinus 5 14 42 1
Nigrobaetis bacillus 1 3 1 2 2
Procloeon pennulatum 1 1
Ecdyonurus dracon 1 4 1
Ecdyonurus kibunensis 4 3 4 3 3 2
Ecdyonurus levis 3 2 1 2 4
Epeorus curvatulus 1 6 3
Epeorus pellucidus 3 9
Heptagenia kihada 6 2 51
Choroterpes  altioculus 2
Paraleptophlebia chocorata 2
Ephemera strigata 1 14 25 2 28 35 5 32 12
Cincticostella levanidovae 40 104 230 39 19
Drunella aculea 1 8 2 1
Calopteryx japonica 1
Davidius lunatus 2 3 1 9 3 7 3 8 12 6
Sieboldius albardae 2 8
Amphinemura coreana 1
Nemoura KUb 11 4 17 1
Kiotina decorata 1
Neoperla coreensis 1 1
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Site Ist 2nd
Scientific name St. 1 St.2 | St 3 St.4 | St 5 St. 1 St.2 | St 3 St.4 | St.5

Phylum Arthropoda
Chloroperlidae sp. 1 1
Nepa hoffmanni 2
Parachauliodes asahinai 3 1 1 1 3 4 2 2
Eubrianax ramicornis 1 2 1 2
Hexatoma KUa 1
Dicranota KUa 2 1 1
Tipula latemarginata latemarginata 1
Tipula KUa 1 1
Tipula KUd 1
Tipula KUn 1
Psychodidae sp. 2
Dixidae sp. 1
Simulium  sp. 3 1 5 14 6 2 10 6
Ceratopogonidae sp. 1
Chironomidae sp. 1 1 14 5 31 31 14 25 1 4
Philorus KUa 2
Dolichopodidae sp. 1
Tabanidae sp. 1
Ephydridae sp. 1
Rhyacophila brevicephala 2
Rhyacophila lata 2 1 2 1
Apsilochorema  sutshanum 1
Glossosoma KUa 5
Cheumatopsyche brevilineata 1 2
Cheumatopsyche KUa 5 1
Diplectrona kibuneana 2
Hydropsyche kozhantschikovi 1
Hydropsyche orientalis 1 3 11 10 28 2
Hydropsyche valvata 1
Psychomyia KUa 1
Hydatophylax nigrovittatus 1 6 1
Goera sp. 2
Lepidostoma KUb 5 1 1 2 1 10 8 4
Gumaga orientalis 3
Anisocentropus kawamurai 5 9

Oecetis sp. 1

Total species : 72 19 11 12 21 25 23 32 31 15 20
Total individuals : 1,874 136 40 64 150 121 188 308 520 260 87
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