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Characteristics of Spatiotemporal Patterns in Benthic Macroinvertebrate Communities in Two Adja-
cent Headwater Streams. Lee, Da-Yeong' (0000-0002-2457-2041), Mi-Jung Bae? (0000-0003-4286-1119), Yong-
Su Kwon* (0000-0002-2573-5923), Chan-Woo Park* (0000-0002-0049-2493), Hee Moon Yang* (0000-0002-6965-
4497), Yujin Shin* (0000-0001-6878-6810), Tae-Sung Kwon’ (0000-0002-9667-8187) and Young-Seuk Park'* (0000-
0001-7025-8945) (‘Department of Biology, Kyung Hee University, Seoul 02447, Republic of Korea; *Freshwater
Biodiversity Research Division, Nakdonggang National Institute of Biological Resources, Sangju, Gyeongbuk
37242, Republic of Korea; 3Division of Ecological Assessment, National Institute of Ecology, Seocheon,
Chungnam 33658, Republic of Korea; *Forest Ecology and Climate Change Division, National Institute of Forest
Science, Seoul 02455, Republic of Korea; SForest Insect Pests and Diseases Division, National Institute of Forest
Science, Seoul 02455, Republic of Korea; ®Department of Life and Nanopharmaceutical Sciences, Kyung Hee
University, Seoul 02447, Republic of Korea)

Abstract  Headwater streams provide various microhabitats, resulting in high diversity of macroinvertebrate
community. In this study, we compared the differences of communities between two adjacent headwater
streams (Jangjeon stream (GRJ; GRJ1-GRJS5) and Haanmi stream (GRH; GRH1-GRH3)) in Jungwang and
Gariwang mountains, Gangwon-do and evaluated the effects of habitat condition to the macroinvertebrates
community composition. In order to characterize the macroinvertebrate communities and extract influential
environmental factors, we applied to Cluster analysis (CA), Indicator species analysis and Non-metric
multidimensional scaling (NMDS). Total 33,613 individuals in 3 phyla, 5 classes, 13 orders, 51 families, and
114 taxa (genera or species) were collected. Gammarus sp. was dominant at the upper stream of GRJ, whereas
Chironomidae spp. was abundant at GRH and the downstream of GRJ. The CA classified samples into six
clusters (1-6) reflecting spatial and temporal variation of benthic macroinvertebrate communities. Benthic
macroinvertebrate community composition was significantly different between two adjacent streams. Sweltsa
sp. 1, Psilotreta kisoensis, Rhyacophila shikotsuensis and Serratella setigera were identified as representative
indicator species for clusters 1, 2, 3 and 5, respectively. Similar to CA results, NMDS revealed the spatial
and temporal differences of benthic macroinvertebrate communities, indicating the difference of community
composition as well as microhabitat condition. Forest composition, proportion of boulders (>256 mm), and
water velocity were main factors affecting the macroinvertebrate community composition.
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Fig. 1. Location of study sites.
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Fig. 2. Differences of abundance (a, c), species richness (b, d), and Shannon diversity index (e, f) at each study site in three different sea-
sons. The left column is for GRJ and the right one is for GRH. Values are mean of samples.
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Table 2. Dominant species at each study site at three different seasons. Abundance and proportion were average of samples.

Number of Dominant species Second dominant species

samples Species Abundance Proportion Species Abundance  Proportion

Spring 5 Gammarus sp. 732 0.33 Cinygmula sp. 1 42.6 0.19

Summer 5 Gammarus sp. 1254 0.57 Cinygmula sp. 1 52.8 0.24

GRI1 Autumn 5 Gammarus sp. 333.8 0.65 Sweltsa sp. 1 41.8 0.08

Total 15 Gammarus sp. 2662 0.56 Cinygmula sp. 1 667 0.14

Spring 5 Cinygmula sp. 1 552 0.37 Gammarus sp. 244 0.16

) Summer 5 Gammarus sp. 342 0.26 Cinygmula sp. 1 24.6 0.19

GRJ Autumn 5 Gammarus sp. 1654 0.47 Chironomidae spp. 754 0.22

Total 15 Gammarus sp. 1120 0.36 Cinygmula sp. 1 474 0.15

Spring 5 Epeorus curvatulus 50.6 0.26 Cinygmula sp. 1 192 0.10

GRJ3 Summer 5 Baetis silvaticus 16.2 0.24 Ecdyonurus kibunensis 11.0 0.16

GRJ Autumn 4 Chironomidae spp. 1343 0.23 Sweltsa sp. 1 91.8 0.16

Total 14 Chironomidae spp. 537 0.15 Sweltsa sp. 1 367 0.10

Spring 5 Epeorus curvatulus 70.6 0.18 Cinygmula sp. 1 67.6 0.17

GRJ4 Summer 5 Epeorus curvatulus 9.6 0.20 Baetis silvaticus 9.0 0.19

Autumn 5 Chironomidae spp. 343.0 0.48 Sweltsa sp. 1 752 0.11

Total 15 Chironomidae spp. 1715 0.29 Cinygmula sp. 1 453 0.08

Spring 5 Epeorus curvatulus 296.6 0.55 Cinygmula sp. 1 44.0 0.08

GRIS Summer 5 Sweltsa nikkoensis 9.2 0.22 Epeorus curvatulus 8.0 0.20

Autumn 5 Chironomidae spp. 2432 0.45 Acentrella sibirica 68.0 0.12

Total 15 Epeorus curvatulus 1536 0.27 Chironomidae spp. 1216 0.22

Overall 74 Chironomidae spp. 529 0.17 Gammarus sp. 512 0.16

Summer 5 Chironomidae spp. 272 0.30 Sweltsa nikkoensis 8.6 0.10

GRH1 Autumn 4 Chironomidae spp. 31.6 0.23 Ecdyonurus kibunensis 194 0.14

Total 9 Chironomidae spp. 294 0.30 Ecdyonurus kibunensis 97 0.10

Spring 5 Epeorus curvatulus 204.0 0.32 Chironomidae spp. 129.2 0.20

GRH2 Summer 5 Chironomidae spp. 29.2 0.44 Sweltsa nikkoensis 94 0.14

Autumn 4 Chironomidae spp. 80.5 0.29 Ecdyonurus kibunensis 56.8 0.21

GRH Total 14 Chironomidae spp. 1114 0.24 Epeorus curvatulus 1042 0.23

Spring 5 Chironomidae spp. 2470 0.49 Epeorus curvatulus 74.8 0.15

Summer 5 Chironomidae spp. 74.6 0.62 Baetis silvaticus 5.6 0.05

GRH3 R
Autumn 4 Chironomidae spp. 273.0 0.58 hopalop ,SOle 60.5 0.13
mahunkai

Total 14 Chironomidae spp. 2700 0.54 Epeorus curvatulus 396 0.08

Overall 37 Chironomidae spp. 111.0 0.39 Epeorus curvatulus 38.9 0.14
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Fig. 3. Rank species abundance. (a) sites at GRJ, (b) sites at GRH, (c) seasons at GRJ, and (d) seasons at GRH.
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2l GRITJA 58 GRI3ZHA= A2t 7= #5=7F

Z7}51t7h GRI49E GRIS AHAE thA] ZHastar).
GRHOIAE GRH3OIA $HE 744 Eokeh Adz
GRIGIAL GBHo| 714 we FERES nyon, 2

= B8 WA Yebg oy GRHOIAE
7] gokeh

ARG Fol7}

3. AIZZHH xtoloj e 2H 7 Hat

CA &4 A1 AXMd dFFAFFTEY 23 FAHE
et F 6709 IF R Uit (Fig. 4). B3 F obd 7F
ZA A7 2 FA4Y Zol7t ok A& E91, GRIY
A BE AP FEE0] IF 1,4,5,69 EgEoH
GRHY] ¢ RE ZAF HEEC] I1F 2,39 2=
T3 GRIY 7he BEEL BF IF 19 EgEHeH,
GRJ9 & FE-2 1F 5,60 23

2t 158 ARSS 24T 29 F 15F

o] AR U
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Fig. 4. A dendrogram of hierarchical cluster analysis based the
similarities of macroinvertebrates. The first four alphabets
and number in sample names indicate study sites, and last
two alphabets present sampling seasons (sp: spring, su:
summer, and au: autumn) (e.g. GRJ3au: Samples at GRJ3
in autumn).

(Table 3). I+ 27} 6522 7P B2 A &Fo] A=K
I IF 19014 5%, 28 5904 3%, 25 39041 150] &
ZF AR E o OF 4,69 H¢ AxFo| AAHEHA ¢
okch E3E, OF 20] EEVIRE At AwFoE A
AE BE Fo| $Ho| FTd AHE Hrgshe R4k,
e, gE TN A=A

4. T AT MAIK| BZe| 27

A A Y L Ao OE A B FEFTEY
A 4<% NMDSE #A43F A, CA #4o4 Z24H 6
N 2Fol 2 g E AN (Fig.5). & 12 SHeE I
12 9%, OF 4= LEZ AL IF 5% 6
2 ot &, 1F 29 32 YF YAste] IF 7 AR F
F ol Aol 7} FH A

FAASE F A *=0.486, p<0.01), LHE (*=
0.168, p=0.138), 4= (r’=0.218, p=0.09) 2] -‘%NMDS
15S SHLE A& YA AHFEAF DA =
& E o (Fig. 5b). 74 Q1AL NMDSZE 7t 4&741—;:
HH $2 GRHY ZES0] ZFEo] gl NMDS 25 9

o2 A4E AF4E (*=0.7107, p<0.01)0] Az
2 52 HE&S B3tk 2 GRIY F&50] Z3E| 9l
L NMDS 2% ofgj &9 AL #9443 (1*=0.5838, p<
001)°] FHide® & v&S Bt (Fig. 5d). sHY
39l 7% NMDS 255 7|22 offiFo] §Agt A}
AHENA 256 mm oA+l v (1P =0.3615, p=0.011)
o] H]go| B2 Ao Z Yeldth(Fig. Se). #4(*=0.379,
p=0.003)7 3= (1*=0.288, p=0.036), A7|HEE (1’ =
0.348, p=0.014), pH (*=0.280, p=0.012)2] 7> NMDS

27 199

Table 3. Indicator species in each group defined from a hierarchi-
cal cluster analysis.

Group Order Species [IndVal] p value
Ephemeroptera Baetis fuscatus 0.640  0.001
Plecoptera Sweltsa sp. 1 0913  0.001

1 Plecoptera Leuctra fusca 0.577  0.001
Plecoptera Taenionema sp. 1 0.500 0.002
Plecoptera Taenionema sp. 2 0456 0.001
Collembola Collembola spp. 0.695 0.001
Ephemeroptera Ephemera separigata 0.509  0.004

2 Ephemeroptera Cinygmula grandifolia 0482 0.004
Trichoptera Psilotreta kisoensis 0.699 0.001
Trichoptera Apsilochorema sp. 1 0.603  0.001
Trichoptera Rhyacophila clemens 0440 0.035

3 Trichoptera Rhyacophila shikotsuensis 0452  0.004

Ephemeroptera Serratella setigera 0.876  0.001
5  Ephemeroptera Acentrella gnom 0400 0.035
Plecoptera Capnia sp. 1 0.825 0.001
15 2EF AR AFES (3T HA =2 #& 23
o} (Fig. 5).
o &
B ATE Aego agd

FYEHFEE 2R AT
A AGE he Ak FUA U S5 gowA du
919] Zqlo] AT AH mweto] =

Aedoz A2 QAR YA T2 AW HEAD) Y A

= AbE (Ehe)e AT BelEo] Yotk & A7 of
Ha APA, A 54 @ vk A A Zfolof

9
uhet A shH O MM dFFAFEE 2 A0l W
$ Aolge AT B s WolA e B2
o|HTh= AEAQl Wol7t Bt ¢ Flow, 4
2 580 et 27 727 BebAch ol AT A
£ o9 b dAFetE YA Zet. Choi er al. (2015) &
< 9o AAstE 2= AHT sHA Zhell mi%- Aoldt &
217 F4S BYS B3} 21, Kobayashi and Kagaya
(2000 D&M 4G B Tt ol 5T 9B
o) 277} B2 QHY AdHE ANY PR
55 23 o] Adoldhe BrETh Bae er al. (2016)
S5 5Hd WellA 7P77}—% Ao A=E AAE i 73
59 27} 0E2S Felstgon, ot 2 AW B
Hql ApolBut ofe} 4uEut Ul 2L AEA X
=9 BPHoz 449 AW s AW 5

-
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Fig. 5. (a) NMDS ordination based on the similarities of benthic macroinvertebrate communities at each study site in three different sea-

sons. Biplots were presented on NMDS with community indices (b), indicators species of groups defined in a hierarchical cluster
analysis (c), land use types (d), substrate composition (e), and other environmental variables (f). Sample names are given in Fig. 4.
Bold letters on the ordination in (b)-(f) present factors whose p value is less than 0.05. The stress value of the first two axes in the

NMDS was 0.166.

SO AAE P FHFTE 2-Y Aol= o3t
A AR gt o] Aol o] fjo= AP A whd EF F H
of Za3% 2471 "t} (Brederveld ef al., 2011). A XY
o] A A”zE 7MY sHo] At s TtEuE
H FEY ol H EAboll A7 o #F F29 Ao]
7F AgHE 4= ok AR e dRE Ades Eei
of glen g Izt o3t weto] o] g 5 AHH
ol who] FH A Ho|E Forz A2l Zpol7t
Zt}(Ricklefs and Schluter, 1994; Bae et al., 2016).

AAA PR AZEEY BxE A% 9 FHO| o}

ST T o=
&S e AR o e Bt ol EAXOlEHA

K

(Miserendino and Masi, 2010), EOOkA 93 (McConigley et
al., 2017), 3=H A2 (Oruta et al., 2017), F22F = o]

9] o]& 715A (Heino, 2008), 53 (Nicola et al., 2010) 5
9] oheFet F2 o AAX] 87 (Li er al., 2009, 2012)37} A
& 749 A5 22 (Wallace and Webster, 1996)0] E-3}24 o

2 283 ﬁﬂrOlE} =3, AN HERHEERE BR

oo Mk, A 5 FEFl o Ug=sr g2 4
FAF = 2ol7} F a3 FFFS v R th(Evans-White

etal.,2005). & A7 A G2 L €= M XY
o2 BEXu® 49| Zfolr} 21, 9jrel Q191F mo]
Holx AP BA a0l AN HYRAZEE 270
GFL vA Aoz meln

24 (9o EAo| upet $HFo| St TR
o $1X% GRIO| Aol AE STt 7H S5
GRI 35 2113} GRH A HolAE %2 a9
st=tl, F(family) oJ3te] F Ee= & oM HF
stRAolEof &ote FEol $AsAH. dAle=
of Wlgstal ko] A2 S = TH3HA A5t
ol AEEUEH A2 AHEHIL vt (Gerhardt et
al.,2011). GAf= sHd FHOZRE FYH= Y9
Aaste] oUAE dent. HE2 Akt Zo] i
SO 3pof Yol FAHA Kt FE she |
A A7 A @olM S8 JUA Yo, HF
29l SAHAE FA8: dHloll Fasith. webA Abyst
Ao GAle= AFEAEACNA 771E <& # A
oo e ddE 5o geAHA Holked F
7t AB|RIZ2 A 583 7]5& $th (MacNeil et al., 1997,
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Gerhardt et al., 2011).

AR EES AN AYRALTE 29 A2,
B0 540l thef o7 AFOR e ot g
AR B Aot Fo7h A3 FEEE &
o A%e Byt el 7T 48H YFES
2 sAoN f%o] 27 Frlels 4L malth g3
o FAF Z7Ms sHt AL WD Sw AL e
Ao A D EEARER S TS [@rityE 71417
£ 5 A% 8743 27 250 W8S doith(Lake,

2000; Gordon er al., 2004). 0|3+ W& 7]Eo| LA}
d F9 U=E £ O Fol AXT 713 & e &
T} (Huston, 1994; McCabe and Gotelli, 2000).

NMDS #4& &3 AAA8 HIFFHFTEY AFtt
HolE EAgH A3} AAX] FHO EXoEE E4, 53]
E_,] :rLklo] —6-_9_5}— Oﬂ-skg 1:1]7}11:]— GRJQ,]— GRHE =2
<ol E2e] e, GRI A3 &g9, GRH A3
< Adsdol AT £3 GRI A9 4 %Oﬂ/ﬂh
gRE £02 "o 9Jou}, GRI3 3R sHE £
H&e7b Fasta FAA, 544 ol i °?n 7kt

TR A Zol7t UGl A shHE & ST
Lol wheh o] &gt Yz Aaksko] A 2 LR A
FLEHE f71E &3t £ AHL stdoz §d
He 99y 485 st 9y TR ol Hol¢
A AR &2 o]&ste FY Aol Y= mZITh(Vannote er
al., 1980). A 24, e GEFETG I HFHY 58
o] ® o] X gk (Hisabae ef al., 2011) £3)|7} =g|2a 9

=0t oA E Yol oz A 7|53t} (Sakai et al., 2013,
2016).

CA ZToA Yol 67 25 5 15 1A= =4
A= sp. 1, &8R4 0] 5 5%, 1F 204 = HieEE
e 2T 6%, 12 ML URYBEIEY, 125
oA MuestRao] F 3Fo] AxEFLE A=A
I F A&t (IndVaho] 7+ IFHE=E 7HF #4 UEhd =
AR sp. 1, A=, RIFEEE =, At
Aol BFE f&o] mEx & s AR e A4 &
e Aoste 202 A Sl A#F E42 A
of M7t B og 285t AR, 3t IFolA
A #Fo] Wol AE= AL & 7T 2 +27H A
osltt= ou|2 S AE 4~ it (Nam et al., 2018). 15 1
i} 29 o= 22t 533 659 AEFo| HHE . o]
= 330 BFEH OF 59 &Sty Ry dzaTio]
glE IF 39, AFEFo] UBA] g2 & 497 61
of vlsf 1F 1W} 2¥oA =53 +7 A4S Hde
lig=

Lo

NMDS 2440 A tjf729] A FFE 22| i #5}=
AN Fo3 BXE HYou ARHEEYEH = IF
39 AxFYol e ESHL tha o] YERTh TR
HeEd=dle AA 2AbA Bl A2 44704 7F w2
33, NMDSA e&o] A3 GRI3Y| 7l AL &
ol A 137§ 7} W= o] gZo] Yehd RAo= Helth A
9 Bx= 3 A, S AR 8249 53 4
FolnZ Ty HEZOo T Bl Wk HE vy
3= dlof stA|I7} 9th(Lasne et al., 2007; De Ciceres et
al.,2008,2010). 3 fFAMIS & IF 37 RS &
A F2Y AREARL Zol= ERIT 4= oyt 7z 239
EE5SIATE 22 2po| 5 xZ2sE7| o "ot A &S o
gt A RF B4 T IEol £ XY o Al
9-& Y=t} (Dufrene and Legendre, 1997). 33 £9 &
Qe opet 18] 2T 2710 TN AEgol

SHuE AuE AH o} w3 geplc gt ole
s Ho o= 7\]3}-&‘2 EA5tE A9 ol E dAsk &

5= wH°

2 =

AFolAe FHEE ZHe|Ata SAke] f1X]E
o AAMAY HFFATFTE 219 F0F, AE
VAL A AA] g o] 23] Fxo A= FF
Aot A 2T, F Y AXY dFFHSF
T+ 29 PEIE Aol YR FE A A Y
S7HA QL ApolHk= AEAQ gFo] © Fen
o FHo] tE AdY ZHAFY Aol7t FEHA
b 2AAEE A YA /A (FAHE, AAFHE) #aE of
AiolA SRR TE wEAE Fo] ¥t
B3 2 AV S Bl e R BERE AFY AEF
ZAA A A= AFe] w2t H3tst¢ith NMDS
EX 0& F 9 v&d M T & =(>256
mm)2] HE&, f&o] a3 a4F Y A AH 7H
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