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Benthic Macroinvertebrate Community Changes after Impoundment of Yeongju dam in Korea'
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ABSTRACT

The purpose of this study is to investigate the effects of artificial disturbance by analyzing and comparing the
survey data of the Yeongju dam located in Yeongju-si, Gyeongbuk before and after impoundment. We surveyed
four sites between the downstream of sediment control to the downstream of Yeongju Dam four times between
April and October 2018. The macroinvertebrate data before the survey were gathered from the literature. The
total number of benthic macroinvertebrates we observed was 35,037 ind./m?, including 77 species, 48 families,
14 orders, 7 classes, and 3 phyla. The result of the community analysis showed that the dominant index increased
from 0.44(£0.11) before impoundment to 0.62(+0.16) after impoundment. The diversity index increased from
2.26(+0.30) to 1.75(+0.45), the evenness index from 0.75(£0.10) to 0.66(+0.14), and the richness index from
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3.11(%0.98) to 2.25(+0.81). The most dominant species changed from Hydropsychidae spp. to Chironomidae
sp. The result of the Principal Components Analysis (PCA) based on Axis 1 showed that the sites of 2014 and
Hydropsychidae spp. had a negative value, while the sites of 2018 and Chironomidae sp. had a positive value.

In all study sites, the dominance increased while the diversity decreased. The community change was the largest

in St. 2.

The results of the functional group analysis showed that the scrapers increased while

gathering-collectors increased among the functional feeding group and that the clingers decreased while

borrows increased among the habitat oriented group. The Benthic Macroinvertebrate Streambed Index (BMSI)
decreased from an average of 57.1(%£8.0, C class) to an average of 30.0(x£12.1, C class). St. 3 and St. 4, in

particular, showed a high reduction rate.

KEY WORDS: COMMUNITY ANALYSIS, PCA, FUNCTIONAL GROUPS, BMSI
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DA chepe] melt sFe] TEElo] Sl et A
A, ub 9 BH 2L B kS A HEA [FHel
Hefsld el FehE FA5kA HrhLee et al., 2010). & it
Ao ARG WdHS e sekolA Esto] HYard
o BRote stoR wefsltel L Beid, AESH 5
S {AJ3kaL JtiKang et al., 2011; Lee et al., 2013).
2 ] mefebde oiRE SRS, E A4, shAgH
ol thafet mako] WAeln 9lon), ofeist AlgrEEe] 2
AL 29 35S Wefishal, el EjF WAE HPAIZH
(Ward and Stranford, 1979), -9 9 3[4} ¥H3} S 3pAA e
A AEEe wek a0lew AgSHA FHrk(Baxter, 1997,
Kim, 2017). tJE42] 313 QBR8] ol oJgt A4
o] Wisl= sPHAEIAIY] AEsdel ARAQD Fke mIA
(Gregory et al., 1991; Stevens et al., 1995), =52 44
S a4 W71l QtK(Lee et al., 2013).
AR oA e Aol e BRI 2000
129 FARE 2Rgste] 2016 120 =55t tHKang
and Lee, 2015). W2 7 sPdo] Hefj= o]FofA §lo]
F7PoR G ARl SAREA(EA S AAs)
of mele] HAL WSk SAREAL ApYRTt SARH
e 7T glont B S8 Autshe APt g
el 52 Ao RA SRR olFshs Hef 5 ARt
(Kim, 2016). o]2fgt elg+xE0] AHS Bavtdlol F&
n) x|, SRl AlAlehs AETES I91ARl aEte] & 5o
el WSS Ukl AoR Feld YhKwak e al,
2004). 1 F AAE HFFAFEES vk Aaatol vsto]
AAoR tofelar FERE Fejolm(Ward, 1992; Kim,
2014), ol4o] M3 AL ERatol shaeAle) o)
Akl Satt Jge shal JltKWard, 1992). 3L, 5139

Zops, AEshY 9l ol sl wisl) Wzt BRe
= SlHEd WS Blehe AT} ol e B}
sl=d| 5851 o]8= 4 2tk(Barnes and Minshall, 1983;
Kim et al., 2005; Kim, 2013). SPAAIEfA wgto] wlztst
AXd R FAFEES Wit 2 e e & 9
RS- "HFOo w(Tiemann et al., 2004), /WA, 24, AAEA
Sof wisig 5] spRAEAe] Teke 33 4+ AUckGray,
1981).

sl 7 Ol et SR 7ol mhe A4l me

Ao] 7h 2 2ol gt EAE SRR gl Algoln,

o o] shFaRd sHdell mlAlke 9% 4(Choo and Chae,
2012), ¥ spFopollM frARsEoll 2Rt sHeo] AFHst 4

A 5O} A (Kang et al., 2016) 5 FF9H 1A o] FARF
9 sl §ig) Fofl gt drh AeiEar glck g, d5d
A e e G 8RRl WEHY ofRddat o4
10| WIKKang et al., 2011), ¥ 315 a}xol|4] sHTHS
L o]83l o]F EujAAlA W3} HO|(Kim and Choi,
2015) & o ofFel T At Mo ghot AA
3 dFFAFEE digt A 59 ©We oA A=
(Kim, 2016)7} Z5tolet. wbA], & ke 2gHsto] izt
T AAE A TS deR IF9 B ol o
0] QI91AQ1 wEte] FkS Al-FXF o R vl EAsH] |
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mpobstarzl AAJsheick
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Figure 1. Map showing the study sites in Yeongju dam region.
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Kwon ef al(2013) 5-& A115}0] AL AAjsioom, AHIE
L3} Avjelis 2F2 Kwon(1990), Song(1995)2 315}
579319t 2wkt (Chironomidae spp.)= A2t £} &
9] 540] AlgtEe] 2} 4(Family level) 0= 57453ith
2) 2EEN
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4) MMSE SIHSIXIBMSI) 5) SAHEA
A5 38R |S(Benthic Macroinvertebrate Streambed EARAL SPSS(ver. 18.0)E o| &5} AlakatA A

Index, BMSD)= = AAA @252 sHd7149 AALBIGoH, ZARHO] wE 94F B olelF 1t
thet Ao es Ao 7t 5o XA} SRS o183 g5 #ofst7] $fell PC-ORD(ver. 5)y& o851 T4 24
SA7|1AS] f3of TE &5 EAS EXA5lo] LA X4eoltk (Principal Components Analysis) 2! AJ3%44| £4)(Pearson
AXEE SIS IAI= Kong and Kim(2016)] ofsf 7% correlation analysis)S AA|5FS Tt

¢low, Lithophilous(F=4134]), Psephophilous(AF2AE
A, Moderate(%{]'/\é) Psammophilous(=24d), Pelophilous
FFA) & F SHAR =T 5= Qlti(Table 1). -

©
o>“ J
JL rf:i fto

Table 1. Classification of Benthic macroinvertebrate CIA X .5 =5{= H|§@
streamed index(BMSI) for evaluation of LEsd =SS

streamed substrate status ZAP|7E B0k Zale) A dERAREEO 2 35 7}

Lithophility | Benthic magroinvertebrates Lithophility 145 4831} 77 3f 0377§AH/m?>7} &SI tH Table 2). -5+
class streamed index (BMSI) T+ EHEL s o E(Ephemeroptera)of| 4] 73} 20%

A 85<~100 Lithophilous (25.97%) 02 71 =A| JEREoH, 2E(Diptera) 1137} 15

B 65<~<85 Psephophilous $(19.48%), Bl2t%-+(Non-Insects) 101} 12-5(15.58%), &

C 30<~<65 Moderate L@l =(Trichoptera) 63} 115(14.29%), XA}2]5(Odonata)

D 15<~<30 Psammophilous 53} 8%(8.91%), WAHHE(Coleoptera) 31} 55(6.49%),

E 0-<15 Pelophilous -2} E(Hemiptera) 43} 43(5.19%), 73 = E(Plecoptera)

23} 2E(2.60%) 20T ZAsIT)

Table 2. Individual number of benthic macroinvertebrate in Yeongju dam to 2014, 2018

Species 2014 2018 Species 2014 2018

Dugesia japonica 62.9 265.2 | Gomphus postacularis 13.6
Pomacea canaliculata 7.4 Nihonogomphus KUa 6.8
Semisulcospira forticosta 29.6 Onychogomphus ringens 34
Semisulcospira libertina 11.1 Epitheca marginata 34
Radix auricularia 81.4 176.8 | Macromia amphigena fraenata 7.4

Physa acuta 7.4 34 | Nemoura KUa 333 34
Oxyloma hirasei 3.4 | Perlodes KUa 1069.3 6.8
Corbicula fluminea 3.7 68 |Sweltsa nikkoensis 3.7

Chaetogaster limnaei 71.4 | Micronecta sp. 225.7 238
Branchiura sowerbyi 227.8 | Notonecta triguttata 14.8

Limnodrilus sp. 118.4 8510.2 | Muljarus japonicus 11.1 34
Alboglossiphonia lata 3.7 Laccotrephes japonensis 11.1 34
Glossiphonia complanata 6.8 | Ranatra chinensis 11.1

Hemiclepsis marginata 6.8 | Aquaris paludum 6.8
Erpobdella lineata 7.4 68 | Potamonectes hostilis 11.1

Asellus sp. 3.4 | Helochares striatus 17
Choroterpes altioculus 48.1 Laccobius binotatus 34
Potamanthus formosus 392.2 10.2 | Hydrophilidae sp. (Larva) 132.6
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Species 2014 2018 Species 2014 2018

Potamanthus yooni 159.8 | Elmidae sp. 29.6
Potamanthus luteus oriens 3.7 Stenelmis vulgaris 44.2
Rhoenanthus coreanus 96.2 Malacopsephenoides japonicus 3.7

Ephemera orientalis 55.5 265.2 | Galerucella nipponensis 6.8
Cincticostella levanidovae 40.7 Antocha KUa 677.1 948.6
Drunella cryptomeria 29.6 Tipula KUa 68
Ephemerella dentata 651.2 71.4 | Tipula latemarginata Alexander 48.1 54.4
Ephemerella kozhovi 22.2 34 | Culex sp. 34
Serratella setigera 11.1 34 | Simulium sp. 777 435.2
Uracanthella rufa 1302.4 717.4 | Ceratopogonidae sp. 70.3 23.8
Caenis KUa 62.9 503.2 | Chironomidae sp.(White) 2427.2 10251
Ecdyonurus bajkovae 3.7 Chironomidae sp.(Red) 148 5994.2
Ecdyonurus joernensis 22.2 Tanypodinae sp. 428.4
Ecdyonurus kibunensis 18.5 30.6 |Atherix KUa 34
Ecdyonurus levis 18.5 6.8 | Dolichopodidae sp. 11.1 27.2
Epeorus curvatulus 129.5 Tabanus kinoshitai 7.4 34
Epeorus pellucidus 210.9 Syrphidae sp. 34
Acentrella gnom 299.7 119 | Ephydridae sp. 111 88.4
Acentrella sibirica 48.1 23.8 | Mucidae sp. 10.2
Baetiella tuberculata 802.9 258.4 | Psychomyia KUa 25.9 1105
Baetis fuscatus 1110 513.4 | Cheumatopsyche brevilineata 2356.9 1057.4
Baetis silvaticus 98.6 | Hydropsyche kozhantschikovi 3674.1 326.4
Baetis ursinus 355.2 17 | Hydropsyche orientalis 107.3 23.8
Labiobaetis atrebatinus 236.8 153 | Hydropsyche valvata 2723.2 476
Nigrobaetis bacillus 347.8 3.4 | Macrostemum radiatum 27.2
Procloeon maritimum 333 Rhyacophila brevicephala 462.5

Procloeon pennulatum 51.8 95.2  |Rhyacophila KUa 34
Siphlonurus chankae 1927.7 479.4 | Rhyacophila nigrocephala 3.7

Cercion calamorum 3.7 6.8 | Glossosoma KUa 621.6

Ischnura asiatica 3.7 Hydroptila KUa 7.4 40.8
Copera annulata 17 | Apatania KUa 3.7 3.4
Platycnemis phillopoda 7.4 Apatania KUb 30.6
Calopteryx atrata 18.5 10.2 | Goera japonica 7.4

Calopteryx japonica 259 Ceraclea KUa 3.7
Anisogomphus maacki 3.7 Mpystacides KUa 57.8
Davidius lunatus 10.2

AT W olF S48 vl ArkFigure 2), St
1.2 58%0]A] 48%, St. 2= 42F0A] 50%, St. 32 42F0|A]
24%, St 4% 615014 4B RRe] AHolH F47}
W2ste Ao BHRR B Mol Bde Fo0t ue
Follu T S5 IwE A, St 1L 330N 235

St. 25 18F0f|A] 2655, St. 32 275004 95, St. 4= 3759

A 20502 GAEEAIL 97

Bl -l St. 13} St. 49]]

A T2/ WPt 2 A0 LERten, SEA 9 St
3ollMs 3550l AA EFslo] A4 HgkE AL
ALt T A Fof] FEHoE FHT F2 47502 A
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Hom, ©a oyt Ed Aldeslio]
(Choroterpes altioculus), M7 =2 (Sweltsa nikkoensis),
D27 (Goera japonica) & F 30E, E4= o|Fofwt
ZH3t 28 EAFY0|(Chaetogaster limnaei), ‘=HZHHA}
2)(Onychogomphus ringens), 2] F(Mucidae sp.) 5 &
0F0 G P ofF SPPHISH U FEUL 918 S5
2 MEBh £50) Wab} vlwA A Ueht 2108 BA
Sioiek. slo] Sfek 1918 e W R A vieke
2 24} 2710 G )3 AR Mk RhEE A
2 dHA eH(Kondolf, 1997; Camargo and Voelz,
1998), 1 AtollA= FH Tot WHroll o3k A48 9]
WO Fxe] WeP} Lehd Ao Heech
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Figure 2. Benthic macroinvertebrate appearance species
change analysis in Yeongju dam to 2014, 2018.
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AR 5 ] A A5 Figure 3), @S @
= o] % slFAo| o] 28F0A] 20508 FAadial T
95NN 15508 F7Isteon, Ed/ e d=aisol
9,997 474/ meol|A] 3,151.87HA)/me R 7H4s}a whajEofA]
4277 203/m2ol A 18,343 073/m2 = Z7/F5tgic). Yeg)
59| - f4E Asste] gifEe] fAEiAlolA F4
gt YAE AAEl= AeR deA Ql=tl(Rabeni et al.,
2005), P59 T ol ¥ 759 AR JEdEl] ATt
723 Ao g wokE) E3h Won ef al., 20170 w=wH,
BT FAE 5 Holl sl fo] A |wHA] Mol glgo] g
Ao Uit & Aqtaolie G e o5 o]
FAE A Fu=ReQ] Zuts S 22 o Rl S
9 A7 S7FE7| Wi 2 ekEh

EF(

(=]
x:l_n'__A—-ll

2.

M

TR ARl G oS LA EA = et 0.44(=0.11)°]]
A 0.62(20.16)5 Zrlelelon], Tkl Wi 2.26
(£0.30)0l|A] 1.75(£0.45), FEER|2E Bt 0.75(:0.10)0]
A 0.66(£0.14), EHERE B 3.11(20.98)0)4 2.25
0.8 & Z2siqlt. AiAos g o]S X3 %A
T7F Skl e, AP, e 2R, SR EAT =
FR0) A Hof|A Aagh Ao Ao} FxAd Zjolof whE
T2 WsE Uehd Zlos stk

e A0 AR $41F 2 ok RS AR A
(Table 3), St. 12 4= (Hydropsyche kozhantschikovi),
a5t (Siphlonurus chankae)o\ X AR\ F(Limnodrilus
sp.)2} Zu=t sp. 1(Chironomidae sp. 1)22 -HEF W of¢-
o] Hstslglon, St. 2+ Wl Simulium sp.)2} 7iE

(b) Non-Insect [EEE Fphemeroptera [ Odonata Plecoptera
558 Hemiptera [0 Coleoptera B Diptera [ Trichoptera
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Figure 3. Composition of major benthic macroinvertebrate species and individuals at the study sites in Yeongju dam.
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Table 3. Community index and dominant species according to the study sites in Yeongju dam

Sites Dominant species

Subdominant species DI H' E RI

St. 1 | Hydropsyche kozhantschikovi
St. 2 Simulium sp.

2014 | St. 3 Perlodes KUa

St. 4 Hydropsyche valvata
Mean | Hydropsyche kozhantschikovi

Siphlonurus chankae
Baetis fuscatus
Hydropsyche kozhantschikovi | 0.38(£0.11) | 2.47(x£0.35) | 0.76(x£0.07) | 3.41(£1.31)
Cheumatopsyche brevilineata | 0.55(£0.15) | 2.01(£0.33) | 0.66(£0.08) | 2.75(x0.57)
Hydropsyche valvata

0.44(+0.03) | 2.34(+0.14) | 0.73(£0.09) | 3.73(£1.08)
0.41(+0.07) | 2.23(+0.26) | 0.85(+0.04) | 2.53(+0.57)

0.44(+0.11)|2.26(£0.30) | 0.75(£0.10) | 3.11(x0.98)

St. 1 Limnodrilus sp. Chironomidae sp. 1
St. 2 Chironomidae sp. 1 Limnodrilus sp.
2018 St. 3 Chironomidae sp. 1 Chironomidae sp. 2
St. 4 Chironomidae sp. 2 Chironomidae sp. 1
Mean Chironomidae sp. 1 Limnodrilus sp.

0.45(x0.04) | 2.25(0.10) | 0.77(0.06) | 2.80(+0.53)
0.70(x0.13) | 1.40(0.30) | 0.72(0.19) | 1.46(+0.30)
0.64(x0.16) | 1.74(0.41) | 0.60(0.13) | 2.38(:0.59)
0.68(x0.19) | 1.61(0.49) | 0.56(0.11) | 2.37(+1.14)
0.62(x0.16) | 1.75(0.45) | 0.66(0.14) | 2.25(+0.81)

5124 o (Baetis fuscatus)O| A 2wt sp. 1, AX|HolH=E
W3k St. 3-8 A5 157 = KUa(Perlodes KUa), <
oA ZAwhE sp. 1, ZuE sp. 2(Chironomidae sp. 2)=
Helsigom, St 4= IA™¥EE = (Hydropsyche valvata),
TnfEd ) (Cheumatopsyche brevilineata)o)|\ x| 2w sp.
2, 2 sp. 195 MBIk §71% 59| v} HEshe
S dueiel 49 90l Je BAS Aok
o= A A Jom(Rabeni et al., 2005), T &0 =& ThA|
HABRE BA4S 7171 Znkse] A ZelHel e ofgt
Qo] HI(Kim er al. 2016), §71%Ho] EHEo] gl
R 2L Tk GHF= A0w Leld UkKim ef al.
2004). G o] % T2 o] | Hof| 0] S =Rol
A Zuatre Helkh A2 74 s QR fshEE AT
she E9=dl T A7 skl f7EEe] EAE o
U ol ARFshe Zute] AT S717] theel A
o% ek

ZAEE, 8%, o}l e s BAPCA) 2
KFigure 4), F 24l thet AE=)(% of variance explained)
2 Axis 1-& 42.1%, Axis 2= 16.9%= YERY & 59.0%%2
SAEolck ZAAE B4 A3, Axis 1 71202 20144
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Figure 4. Principal Components Analysis(PCA) on study
sites(diamond), dominant species, subdominant
species(circle) on benthic macroinvertebrate in
Yeongju dam.
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Figure 5. Species change of the functional feeding groups(a) and habitat oriented groups(b) in Yeongju dam to 2014,

2018.
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Table 4. Correlation coefficient analysis of each item according to the BMSI in Yeongju dam

Community index

Functional Feeding Groups

Habitat Oriented Groups

BMSI DI H' E RI FC GC

SC SH BU CB CG SP SW

-0.793" 0.889™ 0.718" 0.682 | 0.352 0.438

0.164 0.782"

-0.260 : -0.293 -0.078 0.807" 0.123 0.654

£p<0.05, **p<0.01

DI: Dominant index, H": Diversity index, E: Evenness index, RI: Richness index, FC: Filtering Collectors, GC: Gathering Collectors,
PR: Predators, SC: Scrapers, SH: Shredders BU: Burrowers, CB: Climbers, CG: Clingers, SP: Sprawlers, SW: Swimmers

S, FREAGE o) AR et 4]
St A e S Eel GaS W Folriyel
o pelol ool ARHE Uiehjelch BVISIS] uigat
Fojoltie] wl relo] n%e fARE AR Ui
Ro& oA 9lom(Kim ef al., 2017), BMSI®H 715 AF
Pt BAolq Folulrejel Brrelo] RS ulast
e, B olF GARBPI st Ao BAEql
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