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Characterizing Distribution Patterns of Major Aquatic Insect Assemblages (Ephemeroptera, Plecoptera,
and Trichoptera) Based on Community Temperature Index at Headwater Streams. Dong-Won Shim (0000-
0002-0592-7652), Da-Yeong Lee (0000-0002-2457-2041), Dae-Seong Lee (0000-0001-7288-0156) and Young-Seuk Park*
(0000-0001-7025-8945) (Department of Biology, Kyung Hee University, Seoul 02447, Republic of Korea)

Abstract The community temperature index (CTI) reflects the temperature and environmental preferences of
the community. We investigated the distribution patterns of major aquatic insect assemblages (Ephemeroptera,
Plecoptera, and Trichoptera; EPT) based on CTI in streams of South Korea. We selected unpolluted 151 study
sites at upper streams (less than 3") with less than 1.5 mg L™ of biochemical oxygen demand. Study sites were
clustered into six groups based on the similarities of their EPT composition. All three orders showed a continuous
decrease in the number of species as CTI increased, especially in Plecoptera. In addition, the functional feeding
groups were also significantly changed according the CTI changes. Temperature tolerance range of each group’s
indicator species varied according to the CTI of the group. Finally, changes of CTI reflected differences of EPT
assemblages according to the differences of environmental condition including temperature. Therefore, CTI can
be applied to the evaluation and preservation of stream ecosystems and prediction of community changes due to
climate change.

Key words: community temperature index, benthic macroinvertebrates, community index, functional feeding
groups

M 2 3l= 31340 & (Ephemeroptera), 7+ = 2] & (Plecoptera),

=25 (Trichoptera)®] §32 9 o] AgtZ ol

SRS LA AN FFEZFTES AFAHE  EY 350 9T 7 (diift) T HF 4 HFE 7HA
RHolm 3o digt W=7t ot 374 W B 7}tst I (Waters, 1972), /40| & o|Fo|& |5 o] Yo} g
£ AR EE gol o] &=t (Lenat, 1988; Ward, 1992;  Ato] 07| wjiZo] AA]=]7} A|gHA o]ch(Winterbourn e
Bonada et al., 2006; Meyer et al., 2007). £3], EPTZ $3 al., 2007). T3t &, PR, 8L §& £9 3
7ol WZ+sHA| vk-3-3tth (Tierno de Figueroa et al., 2010).
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1993; Barbour et al., 1996; Somers et al., 1998).

TA S 9 7] 3AstE shH AEA ] AAlste AE
239 F2A W3S ofr|sttt (Burgmer et al., 2007;
Durance and Ormerod, 2007). 7| $H3}= 22 A AlA
Moz 7% 2 ATH, A ol 29 shfold. &
3] 7] 20| st S AYH LR A H gHs}
gol Qi T AHAY Azo] AWHe g
(Woodward et al., 2010). 2== HLFE
o] Ao Az FFF2 vA
Yozl Bt opat SAHAGINE S5
FEelsiehy aqloE 9Ee Fol 1
u) K th(Verberk er al., 2016). A 2% Zo

1] gk 2mv} o2 ojo] w2
o] 7t gepdith o & &9, gutEe
f0] B2v] SuEs B2 AR} s Hs) 220
goms ARalAe] A4S Fo e
Zo|t} (Rostgaard and Jacobsen, 2005). ©]
2 Q8] Aot she FRES] Aol7h WA (Bac er
al., 2020), 27HF 02 7|53l oJ3f 7|20 5T 7
2 ARFHO UGS Fe LES ML Fo| o
3= Ao 2 I Eth(Heino et al., 2009; Li et al., 2012;
Lietal., 2013; Li et al., 2014).

AE T2 ot &4 249 dsf 238 247 WA
¥9Z 7pAn] olo] uet 159 Bmgee] epxint
(Richardson et al., 1994; Wijnhoven et al., 2003). T2hA]
259 BE Golo] 2] AT £ A4 L= U A
A 7Hs 2= HYE AR 4= ok (Wilson et al., 2005;
Sheldon er al., 2011). ©]2§ HA Lxl o] A4 7}%
A 2 (species temperature index; STHZ AHEHTH 1
23l o]F STIE o]&dto] Ao AAst= A= 419
T3 2% A4 (community temperature index; CT)E 7|
A 4= Qlokh webA CTle 230] Asste 228 F
Aol Holz7] 8 ATE Apoln, Fo =9
g YAE g = ok (Devictor et al., 2008). ©]=
7ol 259 21 WIS Belaly) AT A% AHY
o} ol % 2] o3 £ WskE AWalr] Agstel 4
E1 % 59 BAo) AFRE T (Lindstrom et al., 2013;
Roth et al., 2014; Zografou et al., 2014; Kwon 2017a, b).
CTIE 24°) LEUEES 1 2P TASHE 485
A AAFE wrgsiA deEgr] g2 238 74
she Folu Aol wstel AaHe vtk B SlT A
4 b5 £E WIS 7 AWE (generalisno] $HT 7
$ 7120] golulalA WATT AT 2UE FANE F
74 wol WelA) gkt ofd A% & FAL Wl
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= CTI= 7|29 ¥igte] v|s| 24 WA =t} v
2 A4 7hs % W97 F2 54F (specialist)o] 3
St of7he] 2= W3l QiM% CTls ZA WIS ¢
AUtk EZE Ao gt ZF Fo WA t27] gE
of &2 7|2& Holz= XY Atolo| A= CTIof Zfo]7} Lt
Ebd 4 ot (Barnagaud et al., 2012). ©]& o|FZ CTI=
7129 F7to) et AgAom Sk g 4 7=
TN FA =T Sk EE Bt o] e
Tol A 5= Qe LEHAE dolAHA 1 Fo] AR
02 T2 A= AAZHY HIPt dojtas ©
ogte), wEbA 2o o3t AN RPFAFFE 2H
HILE E4517] Aaiie 255 ARF o8 H|wshr|E
e #3Y & A5 g7 gt H-F=E wrgst
£ CTIE AMESh= o] 3 W3tE E4st=d a4
o]t} (Flanagan et al., 2019).

CTIZ °|-&% AA4Y HFFHFTE £ He A=

F& FEYA = &4 249 Apo] 2 A ALEH &
A Fzx9o] HIlE Ao 2 3= 9Tl (Haubrock ef al.,
2020; Lee et al., 2021). WA |FAFSE 27 ALY o CTI
7F 3 W3 B4 IR &jlsty] oYt olo] 2
AtolM= & 219 Fo|7t AL AFHoA LU=
A4 o] 83dte] 2ro M2 EPT #39 B EAS &
A5t 2 AFE S8l 7St o S s A
A +3 #+2 ¥} 4S5 AL JFFHFsE 24
2 Fejof 7o E Ao R HoH

Mz o Y
1. XAI248
SATEF 24 ARt B4Y 9 FPBR U4
SSe AEEAT A ANY HARHEEE AR

Z E317 A H A 2] (http://water.nier.go.kr)ol| A A| Z3H=
20109 2 202087H7] AR A8 ES AT A A
A WP FHFFTES AESHYY AR w2t Surber
% (30%30 cm’, mesh 1 mm)Z ©]-&3to] YR E glon, 7
e FAAEE 9= A4 mP)2 Wwsste] AMgEtg
TH(MOE/NIER 2008). &3¢ 7|52 SHE #4517 ¢
A= 4 4]7]% T (Functional feeding groups) AH&-3}
At A4]7]%522 Cummins (1974)9] EFof whel F¢

= ZZ] (Gatherer-collectors), A& H+= T (Filterer-
collectors), & = T2 (Shredders), FojH= F
(Scrapers), ZrolH &= F 2| (Predators)2 F+&31% T}

g, ZF AR Y A= RS a4 (A,



307

Ryissia
1

China

East

sea

[ west Jg?m) Q}v
sea

Japan

.
Yongsan ¢

126% 134%

Cj) Group I
O Group I
. Group I
. Group IV
. Group V
@ Group VI

Nakdong

~ Elevation (m)
H 1000
1

50 100 km
[

Fig. 1. Study sites in South Korea. From the database, 151 sampling sites were selected as undisturbed sites located on headwater streams
(1"'~3" order) with less than 1.5mg L™' of BOD. Points mean the location of the site and the color of the points means the group to which
the site belongs in Fig. 2. Bold letter (Han, Nakdong, Geum, Youngsan, Seomjin) means watershed names of South Korea.

2 §4, SUAR)Y SHYTE, TG BHPEERA 2
AT S5 REE Q4% HYTRE ABRAA
WA 2448 ARE oI8TAT SHYTRY IAE 3

T A& (diameter; D)o @2t AZ ©]3}H(D <0.063 mm),
2 (0.063<D<2mm), YEH 2<D<16 mm), A%
(16<D< 64 mm), Z2E (64<D<256 mm), ZE (256
mm<D)9| 67/2 &R} 1= FEA YL Y
(http://www.ngii.go kr)ol| A #|-F3= DEM A&E 0] &3]
o] 22| HE A A" (QGIS Development Team, 2021)& &
3 F&5tlch BB 7|22 7143 ol Al AlF8H= RCP
AlY42] 2 (RCP 4.5, 6.0) A 22| A& (http://data.kma.
go.kn)9t FEATHAA ATtz 4~8E SRES AIB A|
uale A AF (http://www.rda.go.kr)2] 309 (19819
~20109)7HY 715 A2E BHste] A4LstIt(Lee er
al., 2019).

2. BEUSEX|S ME

2 ARANN AYY AAY HYRAFEE F EPT
R GRS, YR, FE B0 &3 FEL o
$3te] EPT 249 CTIZ A4 CTI Akl 2
34 ST A8 HR, 3 59 STI: B223Y AF 3

g Fo] A= l7ﬂ Ao 747 Hd =9k A
2 WA 4 Z, ol B H5to] AAetith(eq. 1)
(Devictor et al., 2008). A& NAl¢= sld 29 HA 74
AFE Bt oz AN THE AAFE A A
e

212
_‘—5'-_:1"_
T= g

STI, = Z{ (Average temperature; X Relative abundance;)

(eq. 1)

CTI= Z ZARXA Y 24 W9 £ s7F 23 oA =}
]s}% A ARt 1 F) STIE 8 3hE 23 Wel
A ddd 2E AMY dFRARTE TSl dis) o
A AT eq. 2).

CTI=)/_, (Relative abundance, X STI;) (eq. 2)

FHEANAE 4R 7I7H(AE) ZAR ] ¥EkA] o
I 9" 2013~201599] B F L= 0|99 a9l
o3 23 HEE FA3ksl7] 93 3RS 3 0|5}, BOD
1.5mg L' o]3t2 Bl m&d weE x| o2 15170 AL A
Asto] A& (Fig. 1). B3 2A7]7H2013~20159)
¢t 13 ¥ T2 AlLfstint

T 0w
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Fig. 2. Classification of study sites based on the dissimilarities of EPT community composition through a hierarchical cluster analysis with
Ward linkage method and Bray-Curtis dissimilarity. Group I: 37 sites; group II: 32 sites; group III: 16 sites; group IV: 19 sites; group V: 34

sites; group VI: 13 sites.

3. B
AT AR H A EPT 2L B4t CTIE B7tst
7] 95t ZAIRAE EPT 24 SAMAo| what A27 &

ZEA (hierarchical cluster analysis; HCA)& A A3}t
3 W Z Y MAe= AE 7 "ol E0l7] Yty
AEEIE AEsto] MBSt on], HCAA &4 1+9
SAFE+= Bray-Curtis H]-HAIEE 7|9EC 2 3t Ward 92
-2 o] 8319 th(Beals 1984; Nielsen 2016).

HCAOA ZAF"E 1FHE2 EPT 5 ¥ A+
Shannon ThFEX|L 59 ZAA4E v|wstgct 2 1
5 WelA EPT & Ztz+e] F4=ot AR H|&9 15
o & ¥WIE FAsTh B3 270 ©E #3Y A
4752 74 Aol Wmstach 18Y AR 2 A
N71529 Aol AR MATFYOR o8 Kruskal-
Wallis 2787} Dunn A5 8] 23L& A3kl B7kse)
T} (Kruskal and Wallis, 1952; Dunn, 1964).

HCAZ &9 IF Atole 23 #49 Zol& H7}
st7] 95ty AT ARxFTS BAS o AT A
9 24 E4A Tetgon AEEL 2 29 4oE A
Aot At Bl=5 1H3 A EF X4 (Indicator value;
IndVal)E ©]-83)] FZ3Fth(Dufréne and Legendre, 1997;
Ciéceres and Legendre, 2009; De Céceres et al., 2010). 3f
F A7t 22 T2 o2 250l HlE Y LEolA 4
qHog A3, FHH SRR T 15Y HF

E4% BATHE B 4 Ut 239 $AFW A%
o M4 L& WL AEFTUE oA At

(Simpson, 2007).

HAZFA a9 2 =% (Non-metric multidimensional
scaling; NMIDS)& ol 83141 7+ X 8e] MERE BHS
H24314ch. NMDSE HCA® 593 A& 9 23 Aol
O] H|RAIEE AHESHY AAtetqlt. ol F3l AR
THTE, $HF, T2 ARF, SHAS, AA7EE,
AR 7 BAE 245

2 Ao = E EAL2 R Z2 T3 (R Core Team, 2021)
oA &£A 7| A& Al-&3te] 35Tt Shannon THFE
A 4= vegan package (Oksanen et al., 2020)5 AME-3] A
AFgich HCAQ}F Kruskal-Wallis A2 stats 37| ] (R Core
Team, 2021), Dunn H|2 72 dunn.test I]7]| A (Dinno,
2017)E o83t A EFE 42 indicspecies T 7] X] (De
Céceres et al., 2016), A4 2= HE AAld= analogue
1)) 7] ] (Simpson and Oksanen, 2021), NMDS+ vegan 3]
7] A] (Oksanen et al., 2020)S A3} B A5 T

K

4 1}
1.28 28
AA RGAA 1517449 EPT 23 SAb=o] whet A%
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Fig. 3. Comparison of community indices among groups defined in a hierarchical cluster analysis. (a) Community temperature index (CTI),
(b) mean species richness, (c) mean abundance, and (d) Shannon’s diversity index. Kruskal-Wallis test and Dunn’s test (post-hoc) were used
as statistical methods. The error bar means standard error. Alphabets on the bar mean statistically significant differences based on Dunn’s

multiple comparison tests (p <0.05).

A ZARA A1, 34 £ 28R UE 5 qlgen,
B} AR3sd 67 2502 FRYATH(Fig. 2). 429
a5 B CTIE AT & 283wzt 259 °f
< A8ttt (Figs. 2, 3a).

UEbd T B3 FE 52 O E ER2ol vd &=k &
7ol vty whelA, shRAolR2 77| tefet 84
oAl H-gsto] Tkt Fol TAsHH, ] REdth &
AT ARERE 15170 A FolA R RS Be
Ao M GA=A e, FAH o2 oF 215 YEHES
U dEE2 9270 A1 (60.9%)0014 BEEROH, Bt
oF 2Fo] YEbgTh wEhA AA 23S LR 24
T A gFEel =3 AT g2 0I5
geFo| B 7hE = QOB R CTI Wsto| wE 53 ut
< B 22 2Yste] E48th

2t 359 28 A (B 8 T4, B WA, Bt
EOYE)E BAT 23, 35 13 e IF Wy V, VI

oz

of vg] F47t Wokon FAHOR {o3t Aol B
th(Dunn 7, p<0.05) (Fig. 3b). /A= ZF wet
EAHoz Fo3t Afo|E BHAN CTI F3tof wheh
H3lele AP HolA= Fodth 1F 1 viF g2

IE5 v B2 B2 AASE Eoln UmA 15
gt Aol & E AT (Dunn A7, p<0.05) (Fig. 3¢). A&

PR IF 14 7 e 18 VeIA 1 ek
o 3E 1LV, VI I1F [ fog Alol§ BYor OF
3 Ve 1% VE A9 & 2553 9% 2ol&
Holz] gFeteh(Fig. 3d).

EPT &) W& 23 A4E HusglS o, spF4ko]
59 F4E IF 13 N4 & 25 v 543
2 =2 2& 293 (Dunn AA, p<0.05), MA$E 1
5 ¢t V71 & 25500 vldl o3 #2 g2 290
(Dunn 7%, p<0.05) (Fig. 4b). Shannon Tt¥ =X 1
5 Ve 1% VI A3 2E 5 H& FY5tA =
2 = E i (Fig. 4o).

By A e AL o dA= 25 13
U2 IF, B IF LIS YA 2522 Us 5 9l
Atk T IF oA 7P w8kew OF 1LV, VIO A
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Fig. 4. Comparison of community indices among groups at different taxonomic orders. (a-c) Ephemeroptera, (d-f) Plecoptera, and (g-i)
Trichoptera. Kruskal-Wallis test and Dunn’s test (post-hoc) were used as statistical methods. The error bar means standard error. Alphabets
on the bar mean statistically significant differences (p <0.05) by results of Dunn’s multiple comparison tests.

g2 25 vdl FYetA R 32 4t (Dunn HA
p<0.05) (Fig. 4d). /HASo| A& T2 BR20 ge] 28
104 7 W2 AAeE Egoen IF moA 7P =
2 FHe B Yrh(Fig. 4o). FE ZWo|A 18 17} 1=
w2 1857 FAHOR o3 o] 2 B (Dunn A
A, p<0.05) (Fig. 41).

RS $ 2 el ) 1 el o
5% A AL CTIo) S7bo] wheh gashs ZHA
-%Eﬁqmg4gjwmﬁ:JFVﬂﬁ7} gk

a5 LI, Ve 5 1V, VI §93F Zpo| & E 4t} (Fig.
4h). F=HH Fee IF IVIA 7P 3o 1
F VI 15 IVE Ade 2 15T FASHTH (Fig.
4i).

A7)l BE S8 A vEY 2olE v
S W, Hojg= FESHe 5 A 25 I
1% 2F W & 25 F9F 2olE EgleH (Fig.
5a,b) ThE AA715ol Hla) 2 oA 9 vl&L @A

T Hd CTIZF 22 o &2 H[&S Bt F9

2 (SO 4 v&d AA+ ng°l CTI7} W2 *01]
Al w2 HE&S 23k (Fig. 5¢c, d). 9= F9(GO)Y
H-&2 CTI7} 7kl whet 2ol 713tk (Fig. Se, ). 2
HYE £ (FO)9 F4 ¥&2 15 VoA 7H %A
gk QA v 2388 WA YErytth(Fig. S5g, h). ot
g £ (PR)E CTI7F HolA4E F5 v|go| 7hast
= AFE Bon 7MY =2 JiAS vEE B 18
oA & & 4= ¥]&S Btk (Fig. 5i, j).

S A 5RO FolEE
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Fig. 5. Comparison of richness and abundance ratio of each func-
tional feeding group among each group. (a, b) Shredders; SH, (c,
d) scrapers; SC, (e, f) gathering collectors; GC, (g, h) filtering
collectors; FC, (i, j) predators; PR. Kruskal-Wallis test and Dunn’s
test (post-hoc) were used as statistical test. The error bar means
standard error. Alphabets on the bar show statistically significant
differences (p <0.05) among groups.

wel, 29t Pe), dnjut 2eirt tehton Moy
£ Relo gobe Falt thehhA) gl
7 259 $HE, HSAEEL BNE 297 Yol %

63%0] et S ™ Hydropsyche kozhantschikovis A| <
¥ RE £ SRAIEoR eyt 28 114 1
B 2%e 02 a8eA GebA geton B3
Epeorus nipponicus<= 77 32 A LS Bt
Ecdyonurus kibunensis®} H. kozhantschikovi= 2718 15
oA ebtowl zks 18 Nk v, 18 Mk VIS vt
Ebtt}. Teloganopsis punctisetae®} Baetis fuscatus+< 371
of 2Bl tehton 18 Vel FEHOR ettt
(Fig. 6a).

ARFAFE o] &AM ARTS

ol Uehgem IF I IVe

r

AT At & 2%
= 5 1 me

3= =
<, L=

9

M

BN 311

O

VE 1%, 18 VIS 75| Uit o] F sleaolEe
208, A5 8%, G dl &2 14%0] YEIELTH (Table
2). HEHFHL ol § A= Bl A} A
AlewHol CT G 180 &3 A g2 3L &
Zof YAPeH, £ F CTIE 7HA+ 159 A
EEYSE 5L 2% 1 gH st At B3] CTI7L Y 1
Z LI, CTZF =& 12 1V, V, VIS E UHR9E 1
AEdme] 45 8% 5 750 e 2w AL
£ BHgon YEHEL 142 F 1030 B2 2EIA
MALEWNE BA Aol gL ANty JlEow 7
F 1054 1A 5Flch (Fig. 6b).
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= = ___‘1] GC= CTI7]— =
aFo g2 %S %E}(Fig 7b). 7 1FY $HF
NMDS Atol| A & 10 &3t 8}F24 0|8 2Z (Epeorus
pellucidus, E. nipponicus)g A|L3tH BF FHE 7|80
2 AFof X5to] CTIY F7hol whet 2o F7hst= &
g ST A EE
sp.1 & &9t CTI¢]
(Fig. 7¢).

34 A# F 1= 442 CTIY dtfisE= A34ES
B A3 £22 CTId whet F718b7|= st 1 3
O] A R YT OIE SATEANE o
o CTIsh tRse] shape] 27 ApoloAi 2
A4e] veh g3l e 1 2 YA 289
M-S CTIS e met 7l ARdol ohE B
ARt vl3) 7FskA B AT (Fig. 7d).

fo rlo rlo rfr 4> 2= b

2 Rhithrogena binotata, Nothopsyche
ol vet S7eHE P BAn

L]

il

&2 dFolME HEA G2 AR sHlA AHE st
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Table 1. Dominant species and their species temperature index (STI) in each group.

. 1 2 o Abundance Proportion
Group Species Order FFG STI(°C) (ind m™) (%)
| Epeorus pellucidus E SC 9.9 15,491 12.8
Epeorus nipponicus E SC 9.3 10,910 9.0
" Ecdyonurus kibunensis E SC 10.3 29,795 14.3
Teloganopsis punctisetae E GC 10.7 22,567 10.9
I Teloganopsis punctisetae E GC 10.7 3,889 10.6
Hydropsyche kozhantschikovi T FC 10.7 3,844 10.5
v Ecdyonurus kibunensis E SC 10.3 9,029 14.1
Baetis fuscatus E GC 11.0 5,883 9.2
v Baetis fuscatus E GC 11.0 43,091 16.2
Teloganopsis punctisetae E GC 10.7 37,272 14.0
VI Baetis fuscatus E GC 11.0 5,670 13.7
Hydropsyche kozhantschikovi T FC 10.7 5,370 12.9
'E: Ephemeroptera, T: Trichoptera
FFG: Functional feeding groups, GC: Gathering collectors, SC: Scrapers, FC: Filtering Collectors.
FAo|E, A&, 5o CTI 28R 2 Ad4 Z7F BE Ao 24 #HA e Aol v Z=dqF2
ST AT BAS BAU EPT FTE AEFE  CTUF RUE IF 13 1F 1506 AFstl K5
o2 go| AHgH7| ol A¥7 2HAFE g o ok ol ZEHEY 2= URAEE °E F 5o vlg o
Zglsict BAgith (Resh and Jackson, 1993; Barbour et =22 Yujstt} (Zwick, 1980; Fochetti and de Figueroa,

al., 1996; Somers et al., 1998). A¥tA 02 CTI7} ¥ +
AE 23 AAE 23S ot EPT 522 43S o
HE F57t B2 EA4S Bt (Figs. 3b, 4) ol 2%
7 @& shdo] o e F4E Hole AFE Edte=
B39} U235} Th(Sabha er al., 2020; Cibik ef al., 2021).
olget T4 W= HEUYE 9 IFS vA=
AL g yeigth 3 AAlee o+ AAZ EAFE o
o= CTIo| wE B&et A4S HolA| Ysken, EPT
EH2 EFSUE dole EF o7t yehdth EPT=
BE 2R WEE oA F E AT 22 Ae=
A& A Q=d| (Li et al., 2013; Li et al., 2014), ©] 23t EA
o] & A= HEEHUY EPTE= 35322 CTI7}
WS E Tt SRR, AEHFANA CTIo| TE
Aot thFEo] FRe Zo|7F yehydeh =52
o] Wi wito] Hom sH4 YAV FAL f&o] WmE
ARt ot Fol yehum, SEsHA A ATt
(Lee et al., 2022). ZFed Fo M= CTIZF R&45 7HA|4
7b BkeH (Fig. 4d, o) ol= 157 VoA 7Hd &2 7IA
T HQl stRAolFoly Y5 ZFo|7t LT (Fig.
4a-c, f-h). I3t Fig. 7a%|Al NMDS 42| o2 F 5o &

2006). ol FEEo| 7| TSt ot & Aol F
k3t 2918 oJu]dtt}(Li et al., 2014).

CTIo| w2} SH, GC 59 A7 +4 Hl&dA 2
o] W2 S ®th(Fig. 5a,b, e, ). 0o]= ZU A
S-S tde 2 3 Aol 22 Y ARFet 5t
gHE o 22 £ el R4 SHZL o W
Zo AL GC7F LAH3Y&S Rt Chung er al. (2012)
o] A Adte] Ryt B AFAE Moy &
2] (SH)7F CTIZ7} 22 15 13t nojA @o] yetyttt. 7]
£ dFdME SHe F2 0] B2 ARt £2
3.0 ™ (Weigelhofer and Waringer, 1994) 0]+ £9] 3%
(canopy)¢} #H S ALRE HQIh ARHHL €07
A3 20l A B 7L glo EouR 9 {40l
A3 Gzl Homg oA {9EE f7]E
9] Z3%}t} (Richardson, 2019). 15 13} 119 sj33t= 3
2 AR w0 FHY F£2& IS AR diHrt
ES oA FUE URUT T2 QRN fdE 2 2
719 §71&2 SHY F Holo] Hrh(Cummins, 1974;
Jonsson et al., 2001). & @AFo)| A SHY| &3t £ 5 2
gk ol A= o] RSt il IF 13 1o &

fin)
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a Epeorus nipponicus (1) - —_—
( ) P ipponicus (1 M Ephemeroptera
Epeorus pellucidus (I) - _ Il Plecoptera
. Trichoptera
Ecdyonurus kibunensis (I, IV) - _—
Teloganopsis punctisetae (Il, lll, V) - —————
Hydropsyche kozhantschikovi (1ll, VI) - —_————
Baetis fuscatus (IV, V, VI) - *
(b) Isoperla flavescens (I) - —
Cinygmula grandifolia (1) - — I Ephemeroptera
Ameletus montanus (1) - e [l Plecoptera
Archynopteryx sp.1 (I) - —_——— M Trichoptera
Hydatophylax nigrovittatus (1) - —_——

Rhithrogena binotata (1)

Oyamia nigribasis (1)

+

Nemoura sp.1 (1) - S —
Cinygmula hirasana (1) S —
Rhithrogena na (I1) - —_—————
Psilotreta kisoensis (Il) - —_——
Amphinemura coreana (Il) - — e
Apsilochorema sp.1 (Il) —_—
Ameletus costalis (Il) - —_—
Nemoura sp.2 (Il) - _ 5

Stavsolus sp.1 (I1)
Nothopsyche sp.1 (Il) -

Serratella ignita (I1l) -

Rhithrogena japonica (lll) - —_—————————
Goera interrogationis (Ill) - _—
Goera sp. (1) - —_—
Ceraclea sp.2 (Ill) - e
Psychomyia sp.1 (lll) —_—
Ceraclea sp. (Ill) - —_————
Potamanthus yooni (lll) 1 —_——
Epeorus maculatus (IV) - —_—
Epeorus aesculus (IV) - —
Ephoron shigae (IV) - —
Ecdyonurus sp. (IV) | T——
Rhyacophila kuramana (IV) - —
Rhyacophila bilobata (IV) - —
Procloeon halla (1V) S
Diplectrona kibuneana (IV) - —_—
Ephemera separigata (IV) - *
Nemoura tau (V) 4 —_—
Rhyacophilidae sp. (V1) - —
Alainites muticus (V1) - *
Ecdyonurus joernensis (V1) — e
Ceraclea Athripsodina armata (V1) - —_—
Cloeon dipterum (V1) = ®
Caenis nishinoae (VI) —_————
Procloeon sp. (VI) - @
T T T T T 1
9.0 9.5 10.0 10.5 11.0 11.5 12.0

Temperature (°C)

Fig. 6. Optimum temperature range of dominance species and indicator species. Points mean the optimum temperature and lines indicate a tol-
erance range of temperature. The Roman numerals mean the group to which the species belongs. (a) Dominant species, (b) Indicator species.

e A QoA A= E Frrgddol tE A Hof vl =
&ttt

712 ATATY o] B ATAE GCO ML CTI
9] Z7to] what 713t (Fig. Se, f) (Vannote et al., 1980;
Mangadze et al., 2019). ©]&= GC7} E&H 2 F7]&
A5 F2 A, oE HA7]sol Bl ddiE e
2 e 21 7 AR sHe AZstr] dEelt

(Statzner and Beche, 2010). NMDS A} (Fig. 7b)o| A &<
sHel HIEo] & IF I A= GCY Bl&o] R
 ol= T W 25 AT CTIY F7hek= Bl
o] A& Eedh

Niedrist and Fiireder (2021)7} 2318t vjo]] w29 1°C
B 29 Zfolof o3 FHo] W 4~ glom =
AFoME CTIF 7 ¥ 1838 2 182 1°CH
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Fig. 7. NMDS ordination of sites and species (stress value: 0.2151). (a) Sites with orders, (b) sites with community indices and functional
feeding groups, (c) sites with indicator species and dominance species, and (d) sites with environment were plotted on the NMDS ordination.

9] Zpol7t At - Fl vl&| X &FFo] CTIZF 57
ol whet AA7HE = 7E F7kekaL, R CTIoA =
e EFO], 2 CTIA = S=di&o] Hol] AR EHA
ZF 259 EPT 249 & 4= & itddiE= & & 3l
Qlth (Fig. 6b). E3 BF CTIV} £& 1FY4E 1 18
o &3 AFEFY STIE F7H5Hh AEFL BE T
A2 o2 A A XEE 7T 7P o] 2R 2 (De
Ciéceres et al., 2010) CTIS] Z71= 23S Y735t £5
o] & AA2E HAE 7= TLE W3kt AS
oujgttt. 3tH IF VIS Procloeon sp.2] 7% 1719] A
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gle T &4 B7F 848 12ste] 24T art Ql
T} (Hernandez et al., 2005; Houser et al., 2006; Reid et al.,
2010). 3HH, SHE e E 3 AAAH HFFAFTE
AFolA= A=A 83} 715 a<lo] AXMAYE P F+3
228 B30l 25 Q9log EAHQth(Bae and Park,
2017). 71% 84 F 7122 259 AFEFY STIE °o&
st {3 4 Ao, CTI Fujof wat 25 2ol &
A T2 a7t doju= 295 E3ith

¢, B dFole dFA-ES 33 olske AR sHA
oz AIjtste] std HMuke] H&st7]o= A AUk
CTIo| W& &4 ¥3E o] &3 std F7HE axzes
FYs7] eiA e ARFE sHR7MA sH AwtAQl A
LA e F7F At7F Basitt B 7] St o7t 4=
29 717t A== 7 (Mantua er al., 2010) A A
Qe A chapst A8E $ASHE ANFHEEE 24
wgto] Wk AN G4 A F2E e Ao
2 d A= (Sundar et al., 2020). 2 A9 753’—}—‘1 7%
Wotel] % L= Wt AN HARHEFE 27
AE GFS dulste olg B Hok R 4
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¥ 2
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