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Abstract

Macroinvertebrates in forest streams affect the overall health of other streams in the same water

system. In this study, we compared differences in the benthic macroinvertebrate community at two headwater
streams located at different latitudes in the southern and northern parts of South Korea. We calculated the
community temperature index (CTI), which represents the thermal preferences of the benthic communities.
Hierarchical cluster analyses (HCA) were conducted to compare the similarities among sampling sites. In
addition, we analyzed the relationship between community composition and environmental and community
characteristics using non-metric multidimensional scaling (NMDS). Our results showed that CTI was
significantly different between the two regions, indicating that these benthic macroinvertebrate communities
have different thermal preferences. These two regions were clearly distinguished from each other in the HCA,;
furthermore, seasonal differences in benthic community composition were observed within each region. The
functional feeding groups present in the benthic macroinvertebrate communities were different even though

their habitat was similar.
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Fig. 1. The map of the study sites in South Korea.

g8 stz ZQAlo] AtfZ o2 At} (Richardson and
Danchy, 2007). AHANHRHZERL AjHoz U5
Hol Fo A WA So 452go] Ao Hon
2 thoFdt £o| FEF 4 92 (Heino et al., 2003b), A
7 SHONY ANAYIRAREE 20e 50 HlF)
A ) chepge Aoz ot 2AR Y 7he] o1
o] Znz 7zke] 4R She 149 ABIY BPL o
F3h= ¢ AE3lch(Richardson and Danehy, 2007).

AN FHFFTES FFAHANAE =48 A%
(Ab Hamid and Rawi, 2017), =8]8 2 4 (Dunbar
et al., 2010; Herbst et al., 2018), 3} % (Radwell and
Brown, 2008)¢} ¥ EX|o]€ (Moore and Palmer, 2005;
Kim er al., 2016) F TH¥et A% #igof wet ohgst o
A F2E Helrh B3 vaAAR] ST HEo] 1=}
et 7] 2 23 I3 Tl JloH, 2= AE
o] A 75l FFE vA A4 7R F& ARty
43 FZE ZA3gtcl(Jacobsen et al., 1997; Heino et al.,
2003a; Portner and Farrell, 2008; Day et al., 2018). gt $-
UAE AT FRolA 2AE 20 4 T3S o8
sto] oheket 87 EA4o] A 259 £ v IF
<= B7H AL (Li et al., 2012), % W37} o] 59 &2
o2& Gl sl BistaL v 75 M3t Alue| e w
E H3lE 9 =354tk (Liet al., 2014).

HE, S A sH 9] feo] TE AR IFHE
TE A AolE HluF At= A oIt Lee er al.
(2018)= BAOA AFHS T3 Uhrold =7t A 22
T A9 24 749 Aol & Bluste] f= 99 g =
Ao wE + W3E dAFstRen, & 5hd Abolol= |
gt 23 F=2 Zol7t A em ARG YolAe AEA
o] At BHH T} Bae ef al. 2016y 430] Z2A M=

2 d=el =AM 4 A9 23 72 AT Ao
£ vlustien, 2k A9 7+ 3344 Zol7t 7 Athet g
2 R ALY Sl whAE A F YoM 23
27} 2R SR

o] A7= A& Aolof W 2=} O E F A s
A AR B FATTE 2 SAAS 248 ol
Aol A= 87 4L vl BAsE o2 % A=
A 3PS AMAHEFATTE T BAY 239

e

FAEA &z 719

1. AR

ofe] ZAE = W dAHH 7|20 thE F XY (FY=
FAE F94 2 AgdE SEF SR A
Aot (Fig. 1). BT SF4tol A= st ARolAl, ¢=
T SepEYdAe 2 AR 42 34 ARE A
Aot AP EHFTE 2 34 E4L AR
B ZARAL IE 700~1100 mol| $x]etH ABF 7]
2 7.27°CE Eol¥, 9o EWUE, 7HIUF, B3t
5, 0HA] YR o2 P4 wo] HFEY Utk (Lee er
al., 2004) (Table 1) 3HH = ZAAHL L& 100~200
mo] YA, AFF 7|2 13.00°CE Eo|u, AP 2
A AERE G AEZHA] ekt A E2E Ko
I (Oh et al., 2013) 337 TaHORE E8i/o ot
A Qo] A7t FeFe QAT 7Y #BEL VRS R, B
1731.4 mm, &=7} 1431.4 mm©|t}(Korea Meteorological
Administration, 2018). & A9 % UulQlE9] HLo] A
gHzjoln ¢19]2] mto] 22 ot}
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Table 1. Environmental condition of two study areas.

Variable Pyeongchang Wando
Latitude, 37°28'9.24" N 34°20'57.7" N
Longitude 128°29'51.42" E 126° 40" 20.5" E
Elevation (m) 700~1100 100~200
Average annual 797 13.00

temperature (°C)

Fraxinus mandshurica
Juglans mandshurica
Acer mandshuricum
Prunus maackii

Quercus acuta

Major vegetation Camellia japonica

2. MMIIHEMSEEE 28 AL

AR EEHZEELS A vyl (Surber-net) (30 X 30 cm?,
FE 37] 100 um)S o835t ZF AR A B3} o5 2
3] PR B A5 #X EAS v nEHs7] ¢35t

o] Ao e AR SHiH A5 2ARZINE A5 F
AT o] HAE Fof 3hdo] § Zé A7l 2AHE A
ottt 2 ZAAH WelMes 1~3m FHoE AEA|Y

NA 578 AHE AARste] v iﬁﬂo Ak BE A2 A
A EA1 95% ool 1Z = eH o] AHAA 70%
AT L2 WAt BB TH(Bae et al., 2016). 33 A
=2 300 um o] MAE HEer 5 AU A
HAYFRARE S0 BRE gRE 5 4508 o2y
oU Zu}7E = oH HE =xo] o]z HEqo L &
ZFol| A BEF3}%tH(Pennak, 1953; Brinkhurst and Jamieson,
1971; Quigley, 1977; Brigham et al., 1982; Yoon, 1988; Mer-
ritt and Cummins, 1996).

ARG FAHFTE A A 24 2AA A g
37 EARL zARIET 284BEtd 94 o)3lEhd 23
20 s PRE AR FAG A FelsEEE @
& % 247 HEL ZAE olgsgon], 52 $47
(KENEK VE20)& AHg-3te] Z43teich. o|sisby 49l
A= PS54 7] (Orion” StarA223)E ©]§-3te] A7)
AEE, §EA2(DO), pH 5& S35tk AR 4
& @FF(BODs) 20°CY] oA 597 2agt & &
BEA s 2 P 48 gAY Bt Agel =t
T GAR Uiro] 2ARIEEE MY YA A A o
D <8 mm), 7+ 37] AZB<D< 16 mm), AX A2
(16<D<32mm), W AZ A2 (32<D< 64 mm), 2+ &
BHE (64 <D< 128 mm), & S8 (128<D <256 mm), H}
A (D>256 mm)Z EF3}¥ tH(Cummins and Lauff, 1969;

Lee et al., 2018).

3. XI& &AM

AP ALY R HEEE 2ol ool 2AA W
ZApA7o] thet ZUALE AESATE BAALSL SRR
I (richness), 7§44 (abundance), EPT -5+ (3134 0| &,
A, &) JfAl4 Hl&, Shannon Y= A4
(Shannon and Weaver, 1949), 5%, $A=E AAlS}AT.
A Aol ZuRe AlYsksich

7} ZAA719 AR TE A9 ASHE EAS
#A43817] 9Jste] H2A (Cluster analysis, CA)S 533}
ot JY A2 23 44 o]d Aol what Bray-Curtis 7
g5 A& § Ward A2 S o]-8sto] =3gstginh. A
A0 Hol& Eo|7] fJgte] 2AMTS 3 F A5l
olgf, 1 09 E5= Yotz Aol 1 st 21
AT

AlFARA 25 F49 AolE HEshe T2 ARt
7] Y& &L E4S Atk A EE AAL Dufréne and
Legendre (1997)9] W) met Z+ £2] Aozl 7)Ala=et
A =5 33 X EZE(IndVal)S o]83}4tH(Lee et al.,
2018). A FEF EA A= 27 A B 2709 2AFA7] ©]
oA vehd Tt 2 siglen, 21 wigsto] AR
skl

o] Ao AMHE BFTY H417]%5 < (functional
feeding groups, FFGs)& At AKX Y 79| 7%
el Zpol& vlwstaz} sttt 7154 +HL B
T4 o] Z2E17] o R EAS wold
£ 3t} (Filippi-Codaccioni et al., 2010). 4447512
HLE 27 (Shredder), #ojH=
2] (Gatherer-collector), Z2#H
A2} (Predator) 2, & S7HA 2 &
al. (1999) w5ttt

E3 A FAYEY RE ASE S84 HojE = Sl
= #3 2% X4 (Community temperature index, CTI)E 7|
AFFA T (Devictor et al., 2008; Bowler and Bohning-Gaese,
2017). CTl= 713 ¥g}o] g 3 W3l FHsi= 5 &
9] Histo] gk Atoll 2 o]-§E L gt o] & o83t
22 7|20 A3 FOoRREH w2 7|20 FH33 TL
T4 o] W3t E5S 72024 RSt 3
g 4= qlo] 7189 FRAF7E ZASHA] 13 29 #iskE
Z2Z5} 4= Qlth(Filippi-Codaccioni et al., 2010).

CTI= 3ol &3l= 7429 Fo| ATdhs 28 A
A A2 7FsstAY AR o150 E= Dol et A=

N
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8] (Scraper), FYHE= F

H= —E,'—E] (Filterer-collector), 3
Fol9th E5FE= Barbour et




90 O|CHY - O|CHAd - BERIS

T Aok ZZFe] F9] AE 2+ Species temperature index
(STHZ FAECE STIE= 2008~202097k4] o] &4 34
S A A7} A B 7} (Minister of Environment and National
Institute of Environmental Research, 2015)2]- B AEH 7|
2 ARE o83t A MATE 7] ALtk
o714 3t 2t F9| STIE 01%6'}01 CTIE 8t= 412 o+
=3} Zt}(Devictor et al., 2008; Bowler and Bohning-Gaese,
2017).

CTI = Z Optimal Temperatureg X Relative abundanceg
s=1

A7 s 479 F& UElY n2 23 W FFRES
olu)gte}, 7 ‘_l:._—“f STIE oJu|staL, A 7HA| (relative
abundance)= 3 oA F 5o MAFLE HA| AA-Z
Uie gholth o] ¥ 1} 92 BREo] STIS ALK 4= ¢l
Qe 2L RE ALkl CTIE AFESHE T Mann-Whit-
ney U testE 0]-§-5to] AR 7He] 2ol H7}stGiTt.
upEke 2, AE 2 AlF7HA Helet FR4 E A
A2 BA 1o AE EA57] 915+e] Non-metric multi-
dimensional scaling (NMDS)E 433}t (McCune et al.,
2002). NMDS&= Fy2A4o AMERE AR}t T3 ARE
Agstgon, HolE £ol7] st HE A H AHES 5
Eol 3 Hvk 233 107 £/ AlYsta 485

EF ABLE Hi 5% NMDS FEk 284, 44]
7152, CTIL, 3HAIAE Alolo] AlukaiAlZ 2T A
dAE & otﬁ—r% ZF4&HSE T3 NMDS o g o

Z Ay IS Al F o]E 7|ReE FAF
%3} th(Zeleny and Schaffers, 2012).

E E42 R (https://www.r-project.org/) (R Core Team,

2019)014 2 packageS ol43to] ST, AEE £
]2 indicspecies package (De Caceres and Jansen, 2016)5
o] &5k, FHEA4 T NMDS+=
et al., 2019)E ©]-83}¥th. Mann-Whitney U test= stats
package (R Core Team, 2019)5 0|23}t

R4

vegan package (Oksanen

2 I

P G 2ol & 48 67 135 493 79
ZolA 21,920487F AHEU o] F BHIAE 32 5
75 128 443} 6955 13,04270A], oM = 48 573 12
373 28%2 8887NAE APH e, St AR
Hago] mnrh Wok, BARTH: oS o) Aadte
ch(Table 2). EPT ¥ &= H3fo] $henich 17 koLt

rfr

L OA
T [=}

et

-
4

. Ol=35} .
- UAS2

ol

T 2AR 9L Ao w2t oE BdS Elvh BRY A
2 o8 AN ZUTRY FAZ BPT vlg0] 2713
g, e B 51.6%014 o5 2AE 314%2 7
A3}k th Shannon THYE X4} FEE= HAlo] ¢ =11
$HEE 957} o B2 deht SERchs Bao] theby
o £1 25U 2 F2E 71 AL e

2 ZAAH 0 AN ZUTRE A 2
22 YA o| A= TR0 (Ecdyonurus kibunensis), 9%
Lo A= AZ324 0] (Alanites muticus)= EFFTH(Table
2. WA A9 B ol 2AF BE SRR SHE
ojglom, A2L-HFL B ofF AN 247 T2 sF
Aolo} x| fnh. A7 o] FstA F--4Fol
A BT 2 SxolMe & A= 2
stRAol7L FeAFold e OE]E Z/‘V\Vl"ﬂh A
(Gammarus sp.)7} 7V 98311 ZA&sI24 o)1= A29-F

£02 Uehgrh

Q3 $4 23 BRI 9% Ao A F Rpeo
s 4 U (Fig. 2). B WA= 7P Aol X%
2| A2 GWWI1L AAZA gFrct Z7HA el SAMo] o &
=27 v, GWW22 GWW32 A dof mE zpo]7t $A4]
StiTh &= 2| E3F AlF o W Apo|7F FEF o A
A Y] AV S Adnit getxe Aoz yEgth 3
F AYL 98 EES GWW2_SU @ GWW3_SUS sty
o 1O FL 4 YANIF AL 2 L A¥ oIF B2
(GWW_SP 2 GWWI1_SU)& 3ltte] 1802 8 4= 919
CHE B). % ZANHE B ZAHLE O IF 24
(28 DI Lhs 4 ek

WD2_SU
WD1_SU
WD3_SU

WD3_SP

WD1_SP

Fﬁf%

WD2_SP
GWW1_SU
GWW1_SP

GWW3_SP

GWW2_SP

GWW3_sU
GWW2_su
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o
o

0

Bray-Curtis distance
(Ward linkage method)

Fig. 2. Classification of samples collected at two different regions in
spring and summer. The dendrogram of hierarchical cluster analysis
was built with Ward linkage methods using Bray-Curtis distance.
GWW: Pyeongchang, WD: Wando, SP: Spring, SU: Summer.



Table 2. Community indices and dominant species at each study region.

Wando

Pyeongchang

Region and season

Total

Summer

Spring

Total

Summer

Spring

52

35

44

69

53

59

Richness

8887
42.5

4035

4852

13042
61

4867
64.5

8175
58.9

Abundance
%EPT*
H #*

314

51.6

2.05
0.52
61.2

1.93
0.51
68

2.66
0.63
47.3

2.56
0.64
474

2.54
0.62
47.2

ro
H
AT

0.56
59.3

Evenness

Dominance

Alanites muticus

20.81

Gammarus sp.
20.02

Alanites muticus

2.69

Ecdyonurus kibunensis

14.43

Ecdyonurus kibunensis

20.25

Ecdyonurus kibunensis

10.96

1** dominant species

(%)

I

N
—_

n
i

Gammarus sp.
10.78

Alanites muticus

Ecdyonurus kibunensis

6.86

Paraleptophlebia chocolata

5.92

Baetis silvaticus

7.54

Paraleptophlebia chocolata

7.98

d . .
2" dominant species

(%)

13.73

NE

*Percentage of Ephemeroptera, Plecoptera and Trichoptera, **Shannon diversity index

tHol MMM RS S 2T o1

Table 3. Indicator species in each group defined in the hierarchical
cluster analysis.

Group Order Species [IndVal] p value
B Ephemeroptera Cinygmula sp. 1 1.000  0.003
B Plecoptera Yoraperla sp. 1 0.866  0.045
C  Ephemeroptera Caenis nishinoae 0.923  0.010
D  Ephemeroptera Heptagenia kyotoensis 1.000  0.012

Table 4. Species richness (%) of functional feeding groups at two
different study regions.

Functional feeding group  Pyeongchang ~ Wando Total
Filterer-collector 6(8.7) 6(11.5) 7(8.9)
Gatherer-collector 14 (20.3) 13(25.0) 17(21.5)
Predator 21(30.4) 18(34.6) 24(30.4)
Scraper 17 (24.6) 11(21.2) 20(25.3)
Shredder 11(15.9) 4(7.7) 11(13.9)

ZF 2AA Y 9 2A71 Y] A BFS 24T 2T F 4
o] A= Tk (Table 3). B2 GWWI1 A Hof|A ZALE
= 4 59 #EOE FA4HE IF BoA= BAYSHRA
| (Cinygmula sp. )2} W27M&73 =3 (Yoraperla sp. )&
T Fo] AFFLE YEth ¢ A & ZAE UEH
L 38 CoAE STR|E2A 0| (Caenis nishinoae)7}, 91
AR YL I8 DOAE EA3L32Ar0| (Heptagenia
kyotoensis)7t ARF O 2 YEIYTE I AdAE X EF0]
UFERA] Rkt

A7 ol ’Qoi = 79 11 £72, a9
2] 20 &5, 9 7917 &7, d8Ye 72 7 &
Tk, EAA 24 & —T“’E UERR T (Table 4). 7<) H]
EEE B 9= 2F FHYE 7 M gt o
= Z2utE 2o g Bk FoHe F2l9 vlEE tiA
2 BGijo] 9w AR} E9kt}(Fig. 3a). BFIHE &

= 77 FHY= 72 oo £ HlES A6
o Wb o= Folg= FEjot Mol = 79 Hle
ol fFASHA Uehith 2ot 75 AT A, BRIA=
FolHe FE7t 7P =2 HIeS AR ) vkl SeofA
€ 938 Y= 79 Bleo] 7HE =34t (Fig. 3b). F
ZAA Y ®RoA A= 729 vlgo] 7P Woy
A BARR| o] FA AR GHETE 2 HleS it

8 2= e B AR g AR Y EG
=t B 2ARAEY HH CTIE= 9.8 (£0.45)°C, ¢
T RAAEL 11.0 (£0.24)°CE Uebg T} (Fig. 4). Mann-

°¥N
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Whitney U test®] 23} B33 $= 0] CTI -2 fofH]gk 2t Lo GeRth G| 2 Aol Yehgen, 2
o7} AATHp=0.002). o] AL 4= AF AN 2 BFIE BYth(Fig. 5b).

NMDS £4el 4 NMDS Zof whet 22 248 2 A/HEEE BEoh v AP4E Rgon, gt B3
24710 mek ol Atk (Fig. 5). ATUA BAS §%,  Hrh o8 U £ FPHS Btk 2HL 9 B 2
TAAS, AAISE F ATUH R WSS G9ulst At & APHS Bk AR F M TRE A
A ABEAZ G W5Ue ek, AEFOR AFE  7HE Xolh Gtck

HRZEY YR AEF L4 ANE T WARAUL ZHASE Fh9 ANSE Y A9 B 24 D=
(Fig. 50). 18 BAAE BAUSRA/L B & 2404 o F5EE B A ofF 2AelA £ AP Hart

FEA = A= Yehgal, JF Colie SHAIsHFAEl,  (Fig. 5c). 1= H=8 N39S o CTI= =9t Y=
5 Dol SRl B0l wulshAl dEbg  7F BE W2 oA § &2 ghe B A47lsel
(p<0.05). 15 B A#F T Q27 =de a8 A9 A= A 2495 AAF A BAAA Sz 729
3 FoIA F2 EXdhs AL HEdeU SAFL HEo] goH, &= WD3 A3 oF(WD3_SU) 2AA=

2 91517 glget. 2eet Felvh B APHL RALY ol HuRo)
(@ (b)

Proportion (%)
3
Proportion (%)
8

CTI(°C)

25 25

GWw WD Gww WD
Region Region

Region

Fig. 3. Proportion of functional feeding groups at two different
study regions (GWW: Pyeongchang, and WD: Wando). (a) With all Fig. 4. Differences in community temperature index (CTI) at two
taxa, (b) without Chironomidae. FC: filterer-collector, GC: gather- different study regions (GWW: Pyeongchang and WD: Wando).

er-collector, PR: predator, SC: scraper, SH: shredder. Error bar indicate the standard error of CTI value.
WD3_SU® ~ ] [ ]
(@) £ v (b) ()
24 Heptagenia_kyotoensis | \ & urbidity b
t @ | Teme Evenness %FC
&l fAbwwLSU % ; | A 1 A
" \Aowwa/su ', Wo2_SU8 1 A . A wsc °
2 \ 7 q
% A su b ) A
B it Yoraperla sp. 1 WD1'sU® _/ Elevation ® :!""“::" cn e
o 7 T - - iversity
GV\;‘VV‘LgIJ ‘,l A Conductivity :
o GwW‘z,sP ) ,wftsp‘\ A ® °
R Sl / ; - J
B v &1 Cim ia sp. 1 A
GWW3_SP vamuia s : WRZ -SP A ® Abundance [ ]
Caenis nismnm\@s_sp Py Depth Richness %GC
S s L] L
T T T T T T T T T T T T T T T T T T T T T
06 0.4 02 0.0 02 04 06 08 -04 02 0.0 02 04 06 08 -04 02 00 02 04 06
NMDS1 NMDS1 NMDS1

Fig. 5. (a) NMDS ordination of samples collected at two different regions (stress value for the first two axes: 0.049), (b) biplot of environmental
variables on the NMDS, and (c) biplot of community indices on the NMDS. Indicator species were visualized in the plot a. Groups defined in
the hierarchical cluster analysis were visualized as A-D. Sample names are presented in Figure 2. Temp: Mean average temperature; CTI: com-
munity temperature index; %SC: proportion of scraper; %GC: proportion of gatherer-collector; %FC: proportion of filterer-collector.
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Hl&o] ¥ S EATh

L

al

o] dtolA= 20199 BAI L& FARR| oA o]Fo]
A ARG FAFTE 2 ALE HIE 22 AF7HE
+39] HIE E4sHEth A EF B4, 23 A& 35t
gom JA7)swdd e 7ed 2 +2¢ CTIE 13t
Aot vpeto 2 NMDS 245 F3ll A8t 3 st
TAAE, B9 ¥lo] 5o IAE Bt sttt B
I A AR GO A S AR || axA A X] 2ol
T EshaL Aoldt i+ 25 Bk B3 Y= 1Tt
o 52 B IAXHY # 25 247t g ZARHE
oh F-ojulstA Rttt

PR S= o Aot FERE, s, FeES B2
THA 9] vlwel | A4S FA AN FFEHSEF
29 3 F2E= dAR A7 Aol 1k 9 {9
FFol A FA3ol o ATt FFE F= AL E UEHTH
= 3% oMY 24 44L& Aol wet so] 2ot
= Clarke et al. (2008)2] ¥+ A= XA T2 AR
d YollA Hol7t AL olf= ZAXAE 7F A=7L AiE e
2 7P7] qi2o g2 Helrh o, B A 99 JAF ZAHA|
A GWWI1E A-ZHRI Aol Hk= FHAR1 gaFo] o 2
Aoz Ueht 2ARR o @& 207 QA SiTt.

BRI A F ARG BF Q19F wgko] FastE
SHgolehs HolA F A9 11 4 FR9 Aol 2=
(Heino et al., 2003a), 484 (Townsend e al., 2003) 5
A AR 7 o] AAA Zpo] W F o2 HRltt ZF X< 9] 3]
FAE vg o g2 AE3 CTIE BAo| $=xT) o Wtttk
oz BAL gkt Yot ¥&ert ¥ 2 S LS
S o, Y=ot 1= EAS BHPE %7} S a5 283t
Ao Z & 4 9% th(Jacobsen et al., 1997).

NMDS 24X = B}t 4wo] £2 gk HA7|HEE,
9] Zpol7h wiFE ek 1y = 9 el EeAl
84 AR YIA3 AR sHdolgs S LEFe
Al 2oz ZA] Gitt. o= o] AollA= LBEHA|
Ad A 1 Z2 AE 7H 422 (Lounibos et al.,
1997) 5ol ¥ nHS A= A i4dct

o] Ao A BEAH A #F F FA IR &3
215} 54ko] 2} (Heptageniidae) 2t W-27H572 =27F 43 |
27v&7 =2 1t (Peltoperlidae)+= 7]-&°] @& 2| Fof &
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