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Abstract

To investigate the changes of dominant species of benthic macroinvertebrates according to the

changes of temperature and precipitation, we surveyed twenty sites of the main Seomjin River in May and
September in 2013 and 2014. The temperature, precipitation, water quality factors and substrate composition,
which are important factors in benthos habitat environment, were collected and measured. The average
temperature of the Seomjin River increased by 0.2°C in 2014 compared to 2013, and the temperature
increased from upstream to downstream, showing a difference of more than 3°C. Also, the annual cumulative
precipitation (ACP) was increased toward low latitude. The temperature of Seomjin River increased more
than twice in September (21.7~24.5°C) after rainfall compared to May (7.6~11.3°C) before rainfall, and
CP (cumulative precipitation) increased about 3 times before rainfall (263 mm~287.5 mm) and after rainfall
(756.3 mm~882 mm). Due to washing effect by summer precipitation, total number of species and individuals
for benthic macroinvertebrates were higher in May than in September. Chironomidae sp. and Choroterpes
altioculus were dominated in May, Ecdyonurus levis, Macrostemum radiatum and Choroterpes altioculus
were dominated in September. As a result of correlation analysis between community indices and environment
factors, it was found that there is a high correlation with boulder and sand among substrate compositions.
According to the results of cluster analysis based on temperature, CP and the dominant species of benthic
macroinvertebrates in Seomjin River, it was divided into two groups following temperature and CP, and the
dominant species and geographical position were reflected and divided into detailed groups.
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al.,2011; Shi et al., 2016; Song et al., 2016). £3] # A4
YERA2ERL /Y el ER 2 TAE o
Z3 gl (Rosenberg and Resh, 1993), AJejA] W ¥
SA Y AAvAZA, Fo wE HEste AARE =
Aol EZsHA }o]E Ktk (Shearer et al., 2015; Shi et
al.,2016). =3+ 71 AL AR 9 oA, v dAd. *
o 054 5o BACR uATIIY ARMERA B
L A7) o]Fojx L Ut} (Arimoro and Muller, 2010;
Mcfarland et al., 2010; Lee et al., 2014a, b; Piggott et al.,
2015).

71 Z ¥ 3}of et AR 7+ F o)A B 1A (Intergovernmen-
tal Panel on Climate Change)©ll &3} 204]7] A|7-2] B
7]0] 0.72°C 53t L, ol=et 712 F7h= A=A
AETHFGol AFAA 8l 2 B ETHIPCC, 2013).
SeLeE A2 3047 7120] Z7F5te] (0.85°C/10%)
A2 1sle] AekS welrtar g1tk Jin and Park, 2015).
F AFolA BH729 SVt A5 HEE Eol,
2O 710 ZuFe Z42 BAANGT BIEY
t}(Leibowitz et al., 2014; Praskievicz and Bartlein, 2014;
Prudhomme et al., 2014). $-2jutete] Loz 2= 204
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2008; Lee et al., 2011; Hong et al., 2012), 9&4 A5 7
S ohu) s FART ohie 2 7Y RS
HMBtA7|L RQloR 8T o= FeiHTh(Kwak er
al., 2004; Xenopoulos et al., 2005; Connolly and Pearson,
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Yang and Choi,
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ol Mek(d1,1712,73,14), YA (11,12,13,14,15,16), &3 (S1,
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Fig. 1. Location of the survey area at Seomjin River.

A2E ZEhd o2 70% Ethyl alcoholol| 23314t 534
o BER= FolA wxEE HM A (Yoon, 1995; Merritt
and Cummins, 1996; Won et al., 2008; Kwon et al., 2013)
= Jasigih A gnteh AR H O] &7 th27] giE
of AHd HlnE Q8 A= AGE BAdaS A4bst
I, F = T 298 T & AT 2 g5
BOD, T-N, NOs-N& |91 Bt gts ARS3haltt. 3 +
e 7 AFER @F A AA HE(<0.004 mm)F
B Y (0.004~0.06 mm), 2 (0.06~2 mm), A2 (2~16
mm), A2 (16~64 mm), TS (64~256 mm), 2HH(>256
mm)7HA] TSA = JLEste] S5t

4. MER|2O| ME

AER e AR oz ZAE A4 gL 2EE
S A2 ¥ =A< (Dominant index)= McNaughton’s
dominant index (DI)E ©]-&3}o] At&31th thF =X 4=
Margalef®] 2 o] 20| A -F- =% Shannon-Weaner function
(H’) (Shannon and Weaner, 1949)& Lloyd & Gheraldi7} ¥
ot FAS o] &3}t £FH = 2|4 (Species richness
index: RI)= Margalef (1958)¢] A|4+5, &5 =44 (Even-
ness index: J)= Pielou (1975)¢] A& 83} t}.
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3}o] IMB SPSS Statistic (ver. 21.0) ZZ2 1L 0] 83}¢]
Pearson’s A ¥4 (Correlation analysis)2 AAISFR I,
O (p-value)> p<0.052 sttt A7 A 9E 7]
231 e 29 S3F ke fAME B 9
3l] Paleontological Statistics (ver. 3.10) Z2 13- o] &3}
of &2t AlFA e (squared euclidean distance)2 =
ASFA 3L, Ward’s method& ©]&3}4] I E A (Cluster
Analysis)& StATH 4 A, 72 ZARAH Y] BE ©o|E
= o] 2]o] w2} Min-Max range normalization2 ©]-83}
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201393} 20149 Ht7]-2 (AMT: annual mean temper-
ature)T} A5 F+2 74T (ACP: annual cumulative precipi-
tation)®] M35 A=EE A Eth(Fig. 2). 279 ¥
#7128 2013499 B3| 2014E A A GoJA HFE 0.2°C
37Vt FdE Bk ARl HAg Ak Mg w2
AMT 10.84°CE H o} 3152l dl5oAE= 1443°CE
7 =4 yEhg 3.59°C 2polE Ho] 2gF 3] w
gt ARolA sHRE 44E 7|20 S7kehe BEol TR
sk3ich(Fig. 2A, B). ©]«= A& 9|2 wpet 192 Z
2 7] 20| Yol B3t Park ef al. (2009)9] ATt
oF Zrgkt}. A7) 7122 1975¢ ©]F 2000t ZHtoj
AA 1.2°C skl ok g% =4l (Yang, 2003), £
AFANAE F7FetaL Q&S ATt e 2014
Y A A B0 1421 mmE 20139 (A A F B 1,345
mm)E ok ti2F 76 mm Wt ARl Zeke] ACPE 1231
mm&z 7P @ekon stFel she 1,710mmE 7HE &
o} 479 mme] Z}o]E BTt Lee e al. (2011)2 A Y= 2
Faewgol et v wo] #EHEYL H Y=
A7 e o] AFE W= Ui
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Fig. 2. Yearly variations of temperature and precipitation in May and September at Seomjin River. A and C are variations of 2013, B and D
are variations of 2014. Pre: pre-flooding, Post: post-flooding, AMT: annual mean temperature, ACP: annual cumulative precipitation.
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Th(Table 1). A X17}9] 814 14 5 =9 HlE&E 599]
9dETt =A et AAH R HejH| & (5 14.9%,
9¥Y 153%)2 A2 (5Y 26.5%, 99 263%)3}t F8HE(5Y
23.4%, 99 21.6%)°l H]5to] @ttt 20134d o] BIS 2014
YW m#u&(5Y: 13.5%—16.3%, 9Y: 10.8% — 19.8%)<
Z7kslg oy, SUHE (59 27.5%—19.4%, 9Y: 26.7% —
16.5%) Z4astglct A|gdE nalt 3515 (59 35.0%,
99 27.5%)°14 7P =%, 42 X1 (5€ 31.3%,9€
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Table 1. Summary of the substrate composition (%) in Seomjin River.
Substrate Jinan Imsil Sunchang Namwon Gokseong Hadong Average
composition  May Sep. May Sep. May Sep. May Sep. May Sep. May Sep. May Sep.
2013
Sand 7.5 10.0 18.3 15.0 6.7 16.7 10.0 10.0 33 33 35.0 10.0 135 10.8
Gravel 30.0 275 21.7 21.7 26.7 26.7 30.0 30.0 333 26.7 150 200  26.1 254
Boulder 30.0 30.0 21.7 21.7 30.0 233 350 30.0 333 30.0 150 25.0 275 26.7
2014
Sand 75 6.3 20.0 19.2 10.0 16.7 15.0 25.0 10.0 6.7 35.0 450 16.3 19.8
Gravel 325 338 233 258 333 300 200 200 300 333 225 20.0 269 272
Boulder 18.8 23.8 16.7 16.7 20.0 133 225 20.0 233 20.0 15.0 5.0 194 16.5
Table 2. Summary of the water quality in Seomjin River.
Jinan Imsil Sunchang Namwon Gokseong Hadong Average
Water quality
May Sep. May Sep. May Sep. May Sep. May Sep. May Sep. May  Sep.
2013
BOD (mgL™) 0.8 0.7 12 13 22 1.1 23 1.1 3.6 3.0 13 14 19 14
T-N(mgL™) 0.8 0.7 1.5 14 54 1.5 52 37 53 5.0 09 1.0 32 22
NOs-N (mgL™) 0.5 0.5 09 09 2.6 0.8 29 25 2.7 25 0.5 0.5 1.7 1.3
2014
BOD (mgL™") 1.3 0.5 14 0.7 3.0 04 2.6 0.5 3.0 0.5 0.8 0.8 2.0 0.6
T-N (mgL™") 19 0.6 1.7 14 52 14 32 2.8 37 3.1 25 0.6 3.0 1.6

NO>-N(mgL™) 14 04 12 08 35 09

23 20 29 24 1.3 03 2.1 1.1

AZF i Elo] 2do] ofstEThal B E Gl o (Ogawa er
al., 2006; Park et al., 2006), 477} A= ¢ 320 9
9] BOD, TN+ NOs-N7} 595t} =7 Uelygton &
3], T4 o)A BOD, T-N 18|31 NOs-N7} 7}8 =4 1jet
3th BODE 59 1.9~20mgL™'9 9Y 0.6~14mgL™",
TN 59 3~32mgL7'9 99 1.6~22mgL™" 281
NO;-N& 5% 1.7~2.1mgL™'9 9¢¥ 1.1~13mgL™'e &
XE HYrh
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A5d T e kY MY dFFEFTE A
Ag=o ZA FFS 71X+ AR BAEUTH(Kwak et
al., 2004; Death, 2008; Mesa, 2012; Theodoropoulos et al.,
2017). AR = HF 499 a7t vrgEo] 79 A
5¢9o] 79 32l 9¥ET A F 7 BT (Fig.
3).
599 A 4L 20139 1756.5 ind. m 2B} 2014
1880.5ind. m 2 Z7}stgom, & 4% 2013 43F KT}
20149 45&02 A2 Z7bsl9th 999 AASE 2013

1o
HI
H

A
(=]

4 6409 ind. m& 20149 632.8ind. m’E A=Y 2}o]
L 3z goron £ 2% 201349 37202 201449 38%
I Az zpo] 7t gloith(Fig. 3).

A=zt wrgE A fXof WE AR RAY
o Z FA Y AolE AHEH, 549 7| 0| FIFE &
5 E3] F7H(Fig. 2A, B)ste AR FAFSHA A4
= SRR 242 ZUHEE FAL EYoh(Fig. 3A,B). 1
Aol 7] 0] 20°C oS FA8 0¥ 2 QA 44
anet JA R E 44F NAsY F 59 da7 o
FEatelnh. 5 Aot & o 4% S7He AAA
JPEHFTEY B2 Fo| FAZS &3 29
o QIZFSHA ¥hE-eta wEA JAE HoEgloh ®
gt =A2FY ARl T2 7]20] 9¥ell= 20°C o4t
A = o] Aol gt Algtalor &A85kA] o, s
ol vj3) 3u o]4F Fold EYAHQ FeTFe TR A
A2t & 9 g2zt mj¢ 2A YeETh(Fig. 3C, D).

2) X|2|=2l 2Ix|of M2 MEX|s

AA o2 AT 24=(DI) (20134 0.46, 2014 0.43)

FZHTE 24 (RI) (201348 3.24,2014 3.03)= 599]
=R aE, TheF = 2] 4= (H') (20139 3.39,20149 2.97)9F F

(
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Fig. 3. Yearly variation of total number of species and mean number of individuals of benthic macroinvertebrates in May and September. A
and C are variations of 2013, B and D are variations of 2014.

Table 3. Summary of the community indices of benthic macroinvertebrates in Seomjin River.

Jinan Imsil Sunchang Namwon Gokseong Hadong Average
Indices

May Sep. May Sep. May Sep. May Sep. May Sep. May Sep. May  Sep.
2013
Dominance (DI) 043 047 063 039 047 056 033 044 041 037 050 037 046 043
Diversity (H) 345 315 252 348 330 295 393 354 378 363 312 357 335 339
Richness (RI) 319 287 229 303 342 304 377 317 354 075 323 069 324 226
Evenness (J) 077 075 068 087 072 068 08 079 075 080 069 087 074 079
2014
Dominance (DI)  0.61 046 060 059 072 051 060 057 047 062 051 044 058 053
Diversity (H) 249 338 264 255 211 304 283 277 350 282 326 328 281 297
Richness (RI) 272 356 275 228 256 243 311 265 355 275 347 280 303 274
Evenness (J) 056 075 067 064 048 079 061 066 072 065 071 08 063 073
S=A4(J) (20134 0.79, 20144 0.73)= 9¥o] L43} 3) X|2|=el 2x|of| U2 REZ | H3}
A =T (Table 3). SHEA = 2013 R 2014d 0] ARZoNA EdT $HTS AR e A 597
B, FEAS, FEREAS 12T FEEASE 29 $9 990) WHHE An Rt} (Fig. 4). 98] H]5te]
201390] EStth SHEAFE 24, hFEASE T, 7]R0] Wi, 4ol AYd 5YS 2R (Chironom-

FTITHREA e G 193 FSEAFE sHolA 7P idae sp.)7} 71 9838t 40.2%~53.8%5, AT
=4 Yelgtth(Table 3). A2 sF54Fo] (Choroterpes altioculus)7} 28.7%~30.2%



7123 Zaof TE MMY =R

May

Baetis fuscatus

Baetiella tuberculata

2013

Choroterpes altioculus

Mataeopsephus KUa

/

Potamanthus formosus

2014

Choroterpes
altioculus

EEl Chironomidae sp.
[ Baetis fuscatus
I Choroterpes altioculus

Chironomidae sp.

Ecdyonurus levis

Chironomidae sp.

Ecdyonurus
kibunensis

B Ecdyonurus levis
[ Baetiella tuberculata
EEH Mataeopsephus KUa

4

SazEg0| 2 74 W 281

September

Macrostemum radiatum

RN
R
ke
S

R

]

Ry
s

) /\
Macrostemum
radiatum

Choroterpes
altioculus

Macrostemum
radiatum

/

Chironomidae sp.

B Ecdyonurus kibunensis
N Potamanthus formosus
X Macrostemum radiatum

Fig. 4. Changes of dominant species of benthic macroinvertebrates in Seomjin River.

£ AAskeh. 223 AB3SHFS 20139 e shRAt
] (Baetiella tuberculata)7} 15.9%, 2014\ 227} ’S’
o] (Potamanthus formosus)7} 9.0%%, Al4-85
NE3}2AE0] (Baetis fuscatus)7} 15.2%, 20149 Y2&At
ZrHd) KUa (Mataeopsephus KUa)7} 6. 9% 2 LUEFGETE
AE 7S 32l 998 20134 2= (Macrostemum
radiatum)?} 30.1%, 20149 Y| H3}F40] (Ecdyonurus
levis)7F 39.0% 2 A19-HS A5G T 20133} 2014
H 590 ARSHEoAY AZsIFEAo| (Choroterpes
altioculus)= 75 22 2013 9¥€9] A3LHALo =,
20149 99ol= A4SHFTLE A A-AY 2=
P A LA G v S AN EA
ARYEFOE YEH T (Fig. 4). AZA Ao &
SHTY BEE AHEY, 592 AR oA st
stz o2 Zt4E Zw L% (Chironomidae sp.)2} A2
2AYo] (Choroterpes altioculus)7} 57181, 749~ 21 9

o}
2

i

AFA o= Y- sREAO| (Ecdyonurus levis), 354
l= &2 =) (Hydropsyche kozhantschikovi), 3F5A| 9
[}

= NESFFAO| 7} (Baetis fuscatus) 3-8 Th.

2 12 rle

4. WER|20t HZ0IB0| AT B

SH e HEAsSY FAdS setstr] e,
A = (BOD, T-N, NO:-N)# s} /4 (&3, Ah2, &8p
FHAA0 2 AMESIH I, BRI TR E SHER S
(DD, FEAF (H), FFFE=ATRD, #5E=AF NS

AHg3te] AEEAE AASHETH(Table 4). WA A o2 A
A FHEEEe dB2E & AeAee S 4%
= Bt 2] g foHel dRgel e AeR
e

201349 592 P A T e ABEe Edle
g, 3] AEA4 EF TEE (DI (r=-0.709, p<0.01),
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Table 4. Pearson’s correlation coefficient between average community indices and measured parameters.

Sand Gravel Boulder BOD T-N NOs3-N
May 2013
Dominance (DI) -0.567%* -0.636%* -0.709%* -0.225 -0433 -0.420
Diversity (H') -0.636** 0.684%%* 0.765%%* 0.283 0.464* 0.460*
Richness (RI) =0.579%* 0.593%%* 0.703%%* 0.338 0.490* 0.505*
Evenness (J) -0.429 0.528* 0.577*%* 0.100 0.309 0.284
May 2014
Dominance (DI) 0.377 -0.292 -0.298 0.042 0.302 0.244
Diversity (H') -0.332 0.260 0.233 0.012 -0.217 -0.149
Richness (RI) -0.476%* 0.522% 0.348 0.023 -0.146 -0.117
Evenness (J) 0.122 -0.188 =0.111 -0.101 -0.335 -0.263
September 2013
Dominance (DI) 0.484* -0.398 -0.407 -0.223 -0.212 -0.120
Diversity (H) —0.574%* 0.486* 0.520* 0.186 0.281 0.213
Richness (RI) -0.624% 0.528% 0.610%* 0.138 0.279 0.208
Evenness (J) -0.160 0.090 0.010 0.217 0.131 0.042
September 2014
Dominance (DI) 0.333 -0.168 -0.352 -0.354 0018 -0.036
Diversity (H) -043 0.293 0.446* 0.273 0.033 0.101
Richness (RI) -0.354 0316 0.397 0.338 0.074 0.125
Evenness (J) -0.496* 0353 0.458% 0.112 -0.088 -0.018
#p<0.01, *p<0.05,N=20
H' (r=0.765, p<0.01), RI(r=0.703, p<0.01), ] (r=0.528, i | | |
p<005)3 73 APAS HAE 98L I =X (H) F G
naL el L oy 2 =
o} 2FHEASRD7} Bl (H (r=—0.574, p<0.01), RI SRR EERE L
(r=-0.624, p<0.01)% & FHHAE, AL H (r= 007
0.486, p<0.05), RI (r=0.528, p<0.05)3} TH= (H' (r= 04
0.520, p<0.05), RI (r=0.610, p<0.01))°]l thsto] 2 08
BAHIAE Hole= ZAo= Usyth 20149 5¥LE FF 0
B 24 (RD7}F 2 (r=-0.476, p<0.05)2 A2 (r= '
0.522,p<005)°] Hate] AoAe mAon, ode o 3 ']
EA ¢ HHY FFREAFRD7F T89S (H (r=0.466, g‘ 201
p<0.05), RI(r=0458, p<0.05)T} %2 AH#LAS e} 241
W dct 281
- — 3.24
5. X|2[XQl 2x|ol M2 FAHS et
3.61
7123 CP 283 AAA HFFHFTE2Y TS 0

Aoz 2t ARHE 7HY AV S Thefstaat &
A& 33t (Fig. 5). Ward’ methodE ©]-&-3to] 37| &4
(Cluster analysis)S AAIgt A} 7)1} 73430 2jo|7}
FE e A sEdOH A9 FA o= IA F
IAFo= Urogith 28|x 590] F9A e IF 12
SRS A=A AA7F HFE=H YR HY: IF A

= M| ZEstR 40| (Choroterpes altioculus)7} Th4 £& 3t

Fig. 5.

A dendrogram of cluster analysis based on annual mean
temperatures and annual cumulative precipitation and
dominant species of benthic macroinvertebrates by ward’s
method. Front words mean regions (J: Jinan, I: Imsil, S:
Sunchang, N: Namwon, G: Gokseong, H: Hadong) and last
words mean months (M: May, S: September) and middle
numbers mean years (13: 2013, 14: 2014).
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SAFAG, 15 Be &7l (Baetis fuscatus)7t &
ot G A, 21F C= ZwLF (Chironomidae sp.)
7o 28 £%, 191 18 DE 2 Agurt 8
o] ¥ Z7t Bk shsol FOA FREHUS A
T 7] 20] £4E 0¥ OF I AT &8 IF
= ol 30F 22 Yotk Ex= YA sHEAC] (Ecdyo-

nurus levis)2y 3 351340] (Ecdyonurus kibunensis)7} Tk
& 28T 20149 FHI 34, IF F= W25
KUa (Mataeopsephus KUa)7} th4= @3 2013 H4,
QM 3ol AF G W2 Az KuaZt 34 &
AstAH T4, 94, &%, 50l FAA Ukt

q 2

7|23 7o Wdte] g A HFFHFFE
FAZO WIS gotE7] flste, A7 ERF 20A%
o gt 201393} 20149 5¥3} 9Q W 234 &
3ol AA zARSHTH A Ao Fagt a9l 2
ste 712, e, 28 st S 5
gotieh. A Bet7]122 2013490l Hlsf 2014
0.2°C 3718t aL, ARolA /= 248 7]20] $71
Stz FAol F35te] 3°C o]+ ZpolE H Gt EZE
A FALSFACPE AYERE 2445 F7HE0 A
A7E 7% A 549 (7.6~11.3°C)°f| Hst] 7% = 94
(21.7~24.5°C)0]| 7]20] 24} ©]4 EoHAH, CP= %
A (263 mm~287.5 mm)} 7% 2 (756.3 mm~882 mm)?]|
o 39 27k Ao Uehdtt o2 1E 292 4
g AR WAL} F = 5ol 99E T ETH S
Y2 2t 7ok AlZEstEAo], 992 YAt FAto], &
Ed=d, AdstFidol7t +8& AX ettt A=A
o g aql 7te] AmAd B4 Ad ) A4 F sHE
9 mefjol =2 Aol Sl ALeE Yeigth Az17HY
7|23} CP, %% @2 &A% A3t 4=t 7]
2o @t 2aF o2 A UF o, 35 A A
AX 7} vk = o] AFEAQl IFCE U dS w53l
=3

> o o
koo 4

Al Al

£ AT AR SR AR 24 % 3o 3
AR T NRF-2016-R1D1A3B-03934515 XS wto} o]
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