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Abstract - Benthic macroinvertebrates were investigated in thermal discharge that flows Buso
stream region from December 2015 to February 2016, Korea. Study site was selected for the
upstream, downstream relative to the mixing station and mixing station which thermal effluent
flows, water quality analysis and benthic macroinvertebrates composition, taxa of EPT-group
individuals, analysis of biological water quality. As a result, a total of 4,015 individuals including
50 species, 30 families, 11 orders, 4 classes, and 3 phyla were recognized. Taxa of species is
Ephemeroptera 16 species (32.0%) including 6 families, the density composition was highest in
1,848 individuals (46.03%) Diptera. EPT-group occupied during the study period were a total
of 1,876 individuals (46.72%) including 32 species and 17 family, lowest in the mixing station
for study period. As a results of community analysis, mixing station in the Limnodrilus gotoi
and Chironomidae sp.2, which is dominated by the analysis was Ecdyonurus levis, Cincticostella
levanidovae, Nemoura KUa. The dominant species showed a difference in the upstream and
downstream. In the functional feeding groups, in the upstream and mixing station Gathering-
Collectors, downstream it was analyzed that the ratio of the highest Filtering-Collectors and
decreased the ratio of Shredders increasing from upstream to downstream. Habitat orientation
group is analyzed that accounted for most of the Clingers and Burrowers, from upstream to
downstream toward the higher the ratio of Clingers. Biological water quality assessment results
were analyzed the worst state in the mixing station with an average 2.73 (£0.41). Correspondence
analysis, correlation analysis results of water temperature and the cold-water species, as the water
temperature increases were analyzed by reducing cold-water species and EPT-group.
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M 2

LHlj4= (Thermal discharges)st 2H3
24, HeAYE FolA ol&H= ]’ FEHYG £ 2

S AHE FHY 5HH, 34 T WEEHE

u]gteh (Kim 2000). 22 A AN 24 A4S
2Rt Ae7ls, AEY B2 E st FFS vAH

(Leeper and Taylor 1995), A48 2Kt} =2 o}

A A 94 eEust adloz
< AR (Kim 2000). &84 /2 AT #2 45
Aol sto] 2WSHA e A4, o1RY A
Hia= HRA A 7 RIHsA = F4 F shd A
QYA L 5 - ABES FEAT Lxo| G HAG
(Whitehouse 1971; Waite 1981; Marcogliese et al. 1989). T
e A5e SH) §EAAT| Yobx7) Hof A
= HlEE SN, AbL 2B E wWEA] S,
! A, AR Hitt MAAAE S
S wAA Fh(Kil and Yoo 1999). W&
W47k 9] Bol 27159 A8 s Aol
(Thermal enrichment)?|2t3 3} (Moore 1958), 5=
A& F - AEY &5 @IsHA st w7,
Sof o] 8% 1tk (Shin and Kim 1995). 314
FH3tE €29 (Thermal pollution)S 4534
SRBQol7t 2ufja WRE st AHo| g
glo] FAsttt= 7l 91912 ™ (Shin and Kim 1995), =
2ol e oBHe| BT WEHolo] AAYA F712 A3
FEgI do HH7H ST, WE 4O Astel £7]
Abgof o]2 7 T+ (Theurer et al. 1984; Kock et al. 1996)
S0 A7k otk o)A Y ShA AEAY e W AL
E9] W3l of7|Al7| L §loH (Kwak et al. 2004), =A3}
T 4 e gdoA fEHe 28 e BREe A9E
Tk ot et A2 iAo E %<& S m| X th(Field 1985;
Vigon 1985; Hill 1986; Meyers 1986; Higgins et al. 1989).
4 AEAY ABTUE 5 - 424 EHAE, AAE
=, 3358 59 seERE HHolF T4 22 1T
FE7HA] Tt AELOZE LAEY 1o n (McCafferty
1981), o]t HEF FolA A HFFHFFTES
A QYA Fa wWstaglel Beld al, a4 a9l
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2013). thtto] MAYES shu, ATH ol F4E 7 A

A4 dRRA2EEe B0 34T Wid S50
A s S0l Wil(Im 2015), ¥]3] F33 WAAHSE

23 glo] 27 MBS WS ARAREA 3 EIHA
ol Aoz 4#HA Atk (Hynes 1960; Wiederholm 1983; Bea

et al. 2003). 9] F7+e} -2 27 o Wdh= A A4
FAFFEY MAZY T2 FFE vIA7] o
T2 4 AELY Hsks obd AEA 9 #3kE f55te
o &8 AH&-ETH(Gray 1981). 3P 9| BEa42 &
9} 742 59 A F ] G3F (Power er al. 1988; Resh
et al. 1988; Kwak et al. 2004) ¥ F3f, 2 Ax], B9 o]&
ol A B glom, 3 AE dFE F= FEL
& (Baek er al. 1996) 59 AA wgo] F EoldS Uet
WA =k (Kwak et al. 2004, 2008; Lee 2014). E3F $-29|
Z7katol teh ANY AYRAFZERY S5} 27
2t (Jacobsen et al. 1997) AEEY] RE = Adste A2
2 4HA Utk (Burgmer et al. 1997). o] e EA| = &
s 2o wgol ola GEe ol AeAe Aol 2
3tE]o] gl oem (Kim et al. 2000; Kim 2000, 2003; Go 2002;
Lee 2016), T4 ehAe] 2vl4 Gl et AL AR
gk AAoltt.
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Sanjung-lake

Sanjung-ri

Fig. 1. Map of 3 studied sites in Buso stream region.
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F2 FE FoA £, §E242(DO0), B 9 A7A=
T YE$2A=%7]¢l Horiba U-22XDS} YSIE 0] 43}
% A 5

2733593, AR Ak 079 (BOD) B

84514 Ab4 2% (CODwa), $8 4 (T-N), 9 (T-P) 5]

FBe BPLE A4ste] AzHo] $70 F $F BBt
APA ol X Bt
2) AT 2 BF
HRA TR 97 2

30cm X30 cm, & 0.2 mm)S ©]&5t9 29, riffle, run/
poololl Al A1 Z 33]& AASIAT AR HE A2t
AR P REA2EEAS Y37 Y5t Bottom kick
net, Hand net (A& 18 mm, & 0.5 mm)S AH&3to] & 9,
S 7Hs e ogFEt nlax A Ao FEAAEE B

a} c} A" AMA JEEH2FES 500 mL Vialo] &
2 & FAof A 99% EthanolZ 1A sle] ATAZ 4T
o APAANA F7EEREH AAY dFFEFTES =
o] Vial (10~25 mL)9) %7 80% EthanolZ EZ3}%t}.
AN GYRARFEL QA ol §ote] BREE W
HANMEE Fu= sto] AU, $4EFE McCafferty
(1981), Yoon (1988, 1995), Merritt ef al. (2008), Won et al.
(2005) 5= Fast . AAEE-S Kwon (1990), A= 2 &7

+ Song(1995)2 &3}t ZwLF (Chironomidae spp.)
= A3 T3 & =59 50| AlgtE o] I 5=
leve) 2. 2 A3}t

4=<= (Family

3) EPT-group
5} 4o & (Ephemeroptera), 7+ =2 = (Plecoptera), E =
& (Trichoptera) 22 FAH EPT-group tjH& 437
o] JT3 AHUSE w2 £FS U= Ao=E A
912 (Lenat 1988; Davis et al. 2003; Peitz 2003), & 9+
SIAE EPT-group ol ete] 5878 A7sl3ic

B
gz £ BERTe +5 ]JJ—O]'°E] 93T, &9
2 , A EX] 4= (McNaughton 1967), THFE R 4=
(Shannon-Weaver 1949), 75 = 2| 5= (Pielou 1975), FHEA|
4= (Margalef 1958)% AH&3}Att.

o

5) 7l &4
ANY fIRAREEE e
2840 FFE BN 283
o (Funtional Feeding Groups, FFGs) 2 A]4]7] 5 (Habitat
Orientation Groups, HOGs)< £43}%t} (Ro and Chun
2004; Merritt et al. 2008).

6) st g E7t
2AA 49 A BAE B slstel B
L FAEX 4= (Korean Saprobic Index, KSDHE ©]-&3sto] &
Hatch Kl 2 ARAE R 02AEA 2 ARAE
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| —,‘?_—’33.% SYSTAT (Version No. 11.0 for windows)<
olg3tel 4 - 3% AW % LT GUHE BeeelA
Correspondence analysisE 53l 23 A4 djgF33x
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<, EPT-group, /4 F 72| FA 2 Q1 2polof Tt 89
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Table 1. Results of water quality at the study sites in Buso stream

1st 2nd 3rd Mean (£SD)
UpP MIX DOWN UP MIX DOWN UP MIX DOWN UP MIX DOWN
Temperature (°C) 502  8.05 7.6 1.74 3.04 4.09 174 783 327 2.83+1.89 631£283 4.99+2.30
DO (mg L™ 13.65 1261 1258 1672 1261 1376 1347 1557 1349 1461x1.83 13.60+£1.71 13.28+£0.62
BOD (mg L 0.60 0.90 1.00 0.70 0.50 0.90 0.70  0.90 0.70 0.67+£006 0.77£023 0.87%0.15
COD (mg L™ 120 220 1.80 1.60 1.50 1.33 1.830 0.90 2.00 153031 1.53+£0.65 1.71+£0.34
T-N (mg L™ 141 268 2.57 2.09 2.15 324 134  4.10 2.78 1.61£041 298+1.01 286%+0.34
T-P(mg L™ 001 0.08 0.06 0.004 0.02 0.16 001 0.28 0.10 001+£000 0.13£0.14 0.11£0.05

£ 7ho] A#AE oty $43) SPSS (Version No. 18.0 for
windows)E ©]-&35}o] AFTA EA (Pearson Correlations
QASHROR, 423 WaHFe BAS BY
M AT E3F Paired
A5 FY4E AF

=5

Analysis)&
3}7] 93 Multivariate analysisE 4
samples t-testS &3] AR HE 4

=g
Ao W o

1.4 &4

27t FoEo] FRee =Y 9 A - RN Y
2 24 Ad= o33 2t (Table 1). B9 22 A7/
AlA 2.83(£1.89) 02 74 Wk, 3ol A 6.31
(£283)2 7I 2 Ao ENEY. AF} stHAA
9 =22 Folgt ZFol7} gl AL E YEoH (p<0.05),
ol EFYoA FYHE 2l G 2 A= &
GEt 4 AL (DO)E ARolA 14.61 (£1.83)
27 FHES A2 Yy, g9y A A=

2 Apol7k YA &%TH(p>0.05). B BESHE Atx
247 BOD) AHE & Aol= YAA T (p>0.05) 47
oA 0.67 (£006)2 7} W AoZ BAEG T, 370
A 087 (£0.15)2 7H4 =2 Aoz BAw et B 3lst
A A4 947 (COD)E AR EFdHoA= & Aozt v
EFUA] QFQEAL (p>0.05), 3FFOlA 171 (20342 7HE =
2 EAEQIY HF F AL (T-N)= 298 (£1.01),
A(T-P)Z 0.13(£0.14) .2 oA M &2
Bt on, AR stRAHS 9%t 2ol7t Q=
A= QTHTN, p<0.01; T-P, p<0.05). 4L A
THA ey Fo g3 ez fdE
A Aol A eetA] Al H4=9]
o]l 98 FFHoE GUE ™ (Choi and
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A A tk(Jung et al. 1999). B ZALA] Gof| A vjEE]
= 8842 AMEEHI glon, 2 &
F7H71E 9

2
‘19: tH‘I‘T': ]

2 Q% #7189 el TN ¥ TPE
Z R

2. %zk]

ZAZIZ S 28 AN PR HSFTES £ 3
7 115 307 50% 4 01570A17F &8st E52E
H] &2 5} FAMo] & (Ephemeroptera)©] 63} 163 (32.0%)
7V =7 ek en, 92l & (Diptera) 53 10%(20.0%), H
L35 (Non-Insects) 73} 95 (18.0%), ‘G =2 & (Trichoptera)
61} 8% (16.0%), FA2] & (Odonata) 13} 23 (4.0%), 73 =2
& (Plecoptera), A &= (Coleoptera) 23+ 235 (4.0%), W
222 & (Megaloptera) 13+ 1& (2.0%)°] £@3t¢ch &%
=8 AAS 2L g Eo] 1,84870A| (46.03%)Z 7}
=4 dehgteH, stRolE 1,572704] (39.15%), Bl

22 27070A) (6.72%), 7= E 168714 (4.18%), S &
136704 (3.39%), AAt 2] &, WA & 874 (0.20%), T
A E 5704 (0.12%)7F S8t A AE E@H|
&2 IR BN M =& AoE YEgoH, AR
A 53} 8%, EFGolA 63t 8%, oA 5T 13502 3}
FAHANA ddH oz E28F vlE&o] 7P w2 AR =
ALE| It} (Fig. 2a). @52 A8 A4 We S8
g YA E Aot BFLLE S A Stk (Hwang 2006).
2 ZAA] AR shRA A His) £ oA Aoz
o9 2 v&E Yetdl oy, ol fAHAE U=
1 SERA YA Hoh ekt Y Fo] SdT 24
dET AR HE A @& SRS
3ok sERAIA O g oA diH o= “H
H&S Yt lglon, v g ghe|Ee] A
011% Geo A AAG vl&o] Frtete A2 EAHSI
th(Fig. 2b). £ oA WA¢7F =4 vepd ghe| 52 2
w23} (Chironomidae) ol A thFE A8t ¢l o, Zat
T FAFGRE edd sHHAA B LASHA A A8t
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Fig. 2. Relative composition of major benthic macroinvertebrate taxa and number of individuals at the study sites in Buso stream.

£ SARFOR AN 4T FO2 A Uk
2005). 3], Zu}5 (Chironomidae spp. )+ LEE7F &2
ZEAFA A= £E3HY (Yoo et al. 2005; Beak 2008), &
< EEAAT, QS 229 T AT FHAAE AE
o] 7}s8t EA& 7}AIth (Ingersoll and Nelson 1990). & =
AAl Er oA thE ERol vls 229 WRaol YA
o] & ZuFFR7t A s A UeEon, o|2 s}
of ] F9] A4 vl FUHE Aew woH £
Lol ol Bl Zstar, @ AE A H2 Y
T2 E 7HAE v 2F7Y ARG ] (Limnodrilus gotoi)
(Choi 2005; Lee et al. 2012) GA] A - FFA A H|3] &
a7k FUHE EFFA 22 LS UEh U
o 2AAEE F24E 709 2 YedE A 5k
Ao &2 o] HA5I2A40) (Epeorus pellucidus)t R13FF4F0]
(Cincticostella levanidovae) (Lee et al. 2012; Kim 2013)2]
A5, 12 HRFE A o] dHes w2 £
o Hop ARAFNA 2 Ed&S Uehen, £
N ARAROR 242 SRAo|BY vl go] Z7H A
o= ZAEYUT ARAAT EFGNH SR kS
TAE AT £ F28LFA0) (Baetis silvaticus), 27
S}FAFo] (Nigrobaetis bacillus), 533} 240] (Ecdyonurus
bajkovae)= SHRA AR Z@sHGTh £ &3] H]
3 A - SHRAIANNA Y] EAQ EREYU d=
£ 9] mutEEd T (Cheumatopsyche brevilineata), 33 8'g
=& KUa(Glossosoma KUa), 9= KUa (Rhyacophila
KUa), A2H 2SS =3 (Rhyacophila nigrocephala) 52
Fo| AT A A% v g0 £ Lheht 3
Gmel A9, ERe TR} BRES AR U

o RS ARAYANE fHolA HHSE Wy
Az F9l Huk2|F (Simulium sp.) (Kim 2013, 2014)7} &2
AAGE TS A 2 WS Wl SenF 71

l

€ 7Y AAHole £ Blgf stRAIHAA TN

o2 e AAROR ARst 51
Ao (Acentrella sibirica), 7r 2354
ol TR, FER ], FHAEA e
kibunensis), ‘ﬂz}EEH KUa (Nemoura KUa), Ha2| 5 ¢
Lo KUa, A2HEEd =, YRA Y= KUa 5 Y54
= A%ste F9 Ed0] 2 Ao Yeygon, iz
exd Yol 2 APl U BTG vwa Wy
9] HY7} YL FUsIFEAO| (Ephemera orientalis), ‘55 A
stAro] KUa(Caenis KUa) 52 SF9oA =4 g‘ﬁ?ﬂ
ok 2o s SooA AdFoez SdF 9 A
77V RE AR 2AERNCH, o9 B 29 WA ¥
A7t =& FEo| RS AA AL Aeh wEbA] 219
WHRe7E shde g A, 9 ol tiet A2 9
wgoz Qe upo] FFAW| AAste A4 tHE
RH2FE 2720 B84 FFS vAL e A
oz AAEY, o|2 3 WA FEY Bxo Ade &
£ Aoz doddd

=

3. EPT (Ephemeroptera-Plecoptera-Trichoptera)-group

U A Y L5 F2 EFFOE 4HX EPT-
group (Lee et al. 2012; Kim et al. 2013)2 &£@H|Lo| ot
2t 29 AHEE Uetdie L2 A Ut (Kwak et
al. 2008). £AF717t F<¢+ £@% EPT-groupd] 7HAl4= &
18767HAZ 46.72%°] &£8&S Uetich 2AHE ¥
o EPT-group?] H|- &2 Z3 YA 19.05% (£9.58)F 7+
33, SRR AN 65.66% (£3021)2 7P B2 Aow
A E T (Fig. 3). ZARZE2E 13} 2AF A ARollAl
21871141 (84.17%), 22 AL Al SHR-ol A 574714 (82.71%),
33F 2AF Al BROIA 440704 (30.70%) 2 7ol Hls)
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A% 0 AFARIN £ w8S JEE AoR BAE o Yol 7%t 2T sp2st SHae] AN e 3
Stk A 02 SHAH AN EPT-group®] B1&0] & o7k SISATh. Sigoll Al 1419 27 2} A FESTA
SE 33 AHE ey Aoz d#HA 9o (Davis (Uracanthella rufa), 983} 2490| (Ecdyonurus levis)7} $-
et al. 2003; Peitz 2003), /472t & EX]’S"“ vl & EPT AL, 32 2AF Alole HuE| Rt S5 Ao 24
H&& vebd T2 QI 2 nTo = }lch g EF oA ZARZIE Qe WAol 7

EPT- groupﬂ Eg A4

24

X5

ZAMA 710 w2 ZAREE A
ARollAe 12k} 22 2AF Al YA A
o], W7 =] KUa7} A1, 33} ZAF Ao ©

ol-N

A} (Table 2),
39 WY
Aol o
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=
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Fig. 3. EPT-ratio of individuals according to the season in the
study sites.

SH3 We T8 7HAE Axoleh 2w sp2st 97

sto] A4 - sRA T 2ol E HEH AT

ZAA G A BA Ayt SATASE HF 0.63(+
0.11), Y= S Hd 1.82(+024)E AHE% AQAA A
ez 2% #4S Uetle Aoz EAHUS
(Table 3). ©]i= ZAMA7] B¢ 78 2 25 Ued 4
FolA WeAdE AEshe FAjstEAo], Qlstf4to] 5 8t

Aol 59 FE0] A YER éﬁolﬂi 93} a5l
Hsf JjAo s EQryst %L Bl Aoz g

"ot v o] stRAHA A= # 1—r054(i 08), T
EZ]—,— 208 (£0.15)2 Ago=z 7}XP obg Aol ZTALZ
AL e Ao ZHHUAY. $HEA e 289
Fo A EAFFo] AX|HE v &S UEtHo] EFFOR
g AELYY 129 7|5S Wdshs H=olH (Lee er
al. 2009), A4 HPRHFFE] AdFRoA sI7E 4
& Ut F oY Aol A4 2 28 Tl o
2} ThFslt (Harper et al. 1997; Jung et al. 2008). TE3F 4]
S A Qe hREQ A= AFED stFRolA F
thofAo] =o Aoz IaA 9 oH (Kil ef al. 2010; Savié
et al. 2013), & AFNA = FFA A HlffH SHF A ol Al
FTodHol A BAHAY #FEASE B 0.64 (£
0.08, A5)~0.69 (+0.14, EFG & Z:/\}X] AW 2ol7} A

& Z8k
=

7o el m[ru

1=
‘l'r‘
il

Table 2. Dominant, subdominant species according to season at the study sites in Buso stream

3rd Total

Ist 2nd
UP Ds Cincticostella levanidovae Nemoura KUa
Sds Epeorus pellucidus Cincticostella levanidovae
MIX Ds Limnodrilus gotoi Chironomidae sp. 2
Sds Chironomidae sp. 2 Ephemera orientalis
DOWN Ds Uracanthella rufa Ecgyonurus levis
Sds Epeorus pellucidus Cincticostella levanidovae

Chironomidae sp. 2
Cincticostella levanidovae
Chironomidae sp. 2
Chironomidae sp. 1
Simulium sp.

Ecdyonurus levis

Chironomidae sp. 2
Chironomidae sp. 1
Chironomidae sp. 2
Chironomidae sp. 1
Simulium sp.

Chironomidae sp. 2

Ds: Dominant species, Sds: Subdominant species

Table 3. Community indices according to the season at the study sites in Buso stream

1st 2nd 3rd Mean (xSD)
UpP MIX DOWN Up MIX DOWN UP MIX DOWN UP MIX DOWN
DI 0.63 0.37 0.45 0.51 0.67 0.59 0.45 0.59 0.58 0.63x0.11 0.56+0.17 0.54+0.08
H' 1.92 2.37 224 201 1.68 1.95 1.55 1.81 2.04 1.82+£0.24 1.95+0.36 2.08+£0.15
E 0.65 0.85 0.71 0.71 0.61 0.62 0.55 0.62 0.62 0.64+0.08 0.69+0.14 0.65+0.05
RI 3.27 3.38 3.81 298 2.82 3.36 2.58 3.34 3.58 2.94+0.33 3.18+0.31 3.58+0.22

DI: dominance, H': diversity index, E: evenness, R: richness
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Table 4. Correlations coefficient analysis for each item according to the study sites in Buso stream

WT Ind. Specise DI

H' E R EPT CS

WT 1.000 -0.314 0.090 —0.536

0.597 0.559 0.679* —0.102 —-0.241

N=9, *P<0.05, W-T: Water temperature, Ind.: No. of individuals, Species: No. of species, DI: Dominance, H': Diversity index, E: Eevenness, R: Richness,

EPT: No. of EPT-group, CS: No. of cold-water species
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