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Abstract: We measured ecological niche space (ENS) using carbon and nitrogen stable isotope
ratios of benthic macroinvertebrates to estimate its applicability for large river assessment. In
particular, we compared ENSs of selected macroinvertebrates between upper and lower area of
Seungchon Weir in Yeongsan River to estimate the impact of weir on biological community. We
also measured basic water quality and community indices including benthic macroinvertebrates
index (BMI) to estimate their correlations with calculated ENS. ENS was calculated using the
Bayesian Stable Isotope in R statistics (package “SIBER”). The results showed that seasonal variations
in water quality and community indices were found, but there was no apparent tendency between
upper and lower area of the Seungchon Weir in June (before rainy season) and August (after rainy
season). However, ENS of benthic macroinvertebrates markedly decreased across the weir in
both June and August regardless of changes in water quality. This means the physical change of
the stream due to the weir cause decrease of ecological isotopic niche space of benthic
macroinvertebrates regardless of water quality, suggesting physical modification by the weir can
affect the interaction between habitat condition and macroinvertebrates. Therefore, the ecological
isotopic niche space can be a useful supplementary indicator for the river ecosystem assessment.

Keywords : carbon and nitrogen stable isotope ratios, Chironomids, weir impacts, community index
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stof| WZFsHA ¥hg-she AESHY XA Eolth E = ket T2 FA e 9 A A=
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Figure 1. Survey site of water quality and benthic macroinvertebrates in Yeongsan River.
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Table 1. Summary of benthic macroinvertebrates index.
Diversity N , Ni
I Diversity index (H") =, -X.1, p, -log2p, =y
Ind.
= o <100
(Fomula 1.) I: Individuals of 1m?
T : Number of times
S : Size of survey(m?)
= Nix100
N
(Fomula 2.) Ri : Individuals Rank(%) of Indicators species
N : Number of species in study site
Benthic Ni : Ranking individuals for species
Macroinvrtebrates o o 20%<R 40%<R 60%<R 5
Index, BMI Rank(%)(R) =20% <40% <60% <80% ~80%
Appearance Frequency
Rate(/:) > 4 3 2 ]
n o sihigi
BMI = (4- Lishig )xzs
o . higi
i : Serial number of Indicators species
(Fomula 3.) n : Individuals of i Indicators species
s : Pollution index of i Indicators species
hi : Appearance frequency rate of i Indicators species
g : Index weight of i Indicators species
RN YR AR B FA = HES A o, g 248 AEe Pl 2 AE AA @21
FAR guksto] G7|ERRE AAA d@FEH32F  Chloroform:Methanol (v/v)) T4 & S+t
5 ey ZekAE Y (Vial, 10~25 )l 57 (Kim et al, 2013), HAH Al2e HEHds

shal, JHAEE 7155

=
=

&5 2 2] = L= v o °u=
R e e e

80% Ethanol= X
= 7IeE A A4

| Az S 2karsto] AA&EW]7% (LEICA SSAPO)
=2 24359t} (Ministry of Environment 2015).
o A 4= Margalef (1958)2] A2 o] & (Infor
—mation Theory)e| ¢3}¢] & =% Shannon-—
Wiever Function (Pielou 1969)2 o]-&3}o] AAks}
it BMI= AR A A7 B7F A1 (Ministry
of Environment 2013)& ©|-§3}o A Abs} ot
(Table 1).

3. QS IRA 24

B3, 538 AHY DFTAFEE F AgER
HEF 452 1Yl 2 38 39 99l
4 oG AR BAUE F HUHE 5
8 PPEN UL 2L U ARE ZH|SHLO

=248 zegH A7 (IRMS, Isotope Ratio Mass

Spectrometers, Isoprime, UK)E o]&-5}o] EbAot

a0 M FAY AN E ST H%

Y= 2 Ao Ao 22 (Ha

VPDB, Vienna Pee—Dee Belemnite; 24> © Air) 9

HaZEAHE H|aLsto] i Al&of et &7}
X

i

SI3CEA A2 = ([13C/12CIEA A 2/[13C/12C]
FZAE - 1) x 1000 (%o)

SISNZA A& = ([15N/14N]E A A Z/[15N/14N]
FEZAE - 1) x 1000 (%o)
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W R v.3.0.2 (R Core Development Team 2017)2]
7] 7] A SIAR (Stable Isotope Analyses in R)
Stable Isotope Bayesian Ellipses in R (SIBER)
o]-g3}o] AAkstt, SIBERS BRI 7|6 th
A& Aot theket #2718 Blud ¢
th, o] & o|-&sto] YA HA Y] F WAl TA
(Total Area) oF #3= B¢ 9 9¢l SEA(Standard
= A R2SE 6] 9
T g B RdAnE
Sttt (Jackson et al,

20 ol o ofN

Ellipse Areas) =
B A2 420 i
A &35lo] SEACE &=
2011).

mgL?, 14,1 mgL™, 89 RAA 712} 3.8 mgL ™,
8.8 mgL 19 g2 uEhlo] of Anbrhg rast 4
A& U St TOCY] 7$-= 69 ZAIA 10.3
mgL, 84 £ALA] 6,3 mgL o] 25 LERHSL
o}, QEMJ Q] A3l ECY) 422] A] 6 ZALOf|A]
420 uSem™, 89 A4 294 pSem &2 WolAl 4=
A5 e, o5 53l 69 AL HaLske] 8
Y ZAbol|A] SEEE] pHo] B avtE Qls) A
o] ghotE]= Ao TWehETh 69 FAMIA F5o]
23.25 m’s7!, 8Y FALA 94,80 mPs'E 6H A}
o} 8 XA Alo] o] HFT L8 QI Jafo] EAT
Ao fetEn | o5 ol YT o4} Bt
of o]%o] ZA gtz Qlsto] Eo] YotE]= Ao
= St (Table 2),

SEH A9 64 2AA AYE AAE HhF
RHE5EY T2 &8 A& NHoAM AT+

(Chironomidae sp.), °FAloFaZAL2] (Ischnura

Table 2. Water quality of the survey site at June and

August
June August
pH 7.7 8.5
EC (uS/ecm) 420 294
DO (mg/L) 6.0 4.6
BOD (mg/L) 6.9 3.8
COD (mg/L) 14.1 8.8
SS (mg/L) 13.7 13.7
T-N (mg/L) 4.55 424
T-P (mg/L) 0.106 0.181
TOC (mg/L) 10.3 6.3
Water temp. ("C) 24.1 27.5
Discharge (m%/s) 23.25 94.80

Table 3. Species of benthic macroinvertebrates analyzed
for ecological niche space

upper area lower area

June Chironomidae sp. Chironomidae sp.

Ischnura asiatica Ischnura asiatica

Corixidae sp. Glossiphonia sp.

Physa acuta Muljarus japonicas

August Muljarus japonica Chironomidae sp.

Ischnura asiatica Ischnura asiatica

Radix auricularia Glossiphonia sp.

Hippeutis cantori Oligochaeta sp.

asiatica), B89 (Corixidae sp.), d=0| 5L H0]
(Physa acuta)7t A =|Qlom, $EH o 2 7oA
Zret % (Chironomidae sp,), OFAloFAZFAL2]
(Ischnura asiatica), ¥ A A ™2]5F (Glossiphonia
sp.). A2k (Muljarus japonicas)7F A 4 ¥ {1t
(Table 3). 89 ZAtollA] A7 & A4 P FH5
TEY F8 T2 SEE A AHAA X
(Muljarus japonicas), oFA|oFAZFAe] (Ischnura
asiatica), 90| (Radix auricularia), £ %o}

=20l (Hippeutis cantori)7} R = $oH, &
5 8} 2130l A Zth5 (Chironomidae sp.), oF
Alo}A &AL 2] (Ischnura asiatica), '\ 2 A ™8]
(Glossiphonia sp.), B35 (Oligochaeta sp.)7} A
A= it (Table 3).

SEHO| AR} sk A olA YA AHA S
Atet At 69 ZAMA SEE A A H Q] TARES
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Table 4. Ecological isotopic niche space of benthic SEAcgrS 3.25 .2 YEST) (Table 4) (Figure 2).
macroinvrtebrates  in  seongchon  weir

(Yeongsan River) STE A9 AN d T A5 AR Y
upperarea | lower area 22 69 89 £AF B AT A9 H]aLste] &)

e TA 19.96 10.00 T Al ks e derdl olE &3l
SEAC 8.89 440 AME R FAFFTES CEER AT B4 &

October | S il 24 vzt o8| wo| PRl ulasle] a5l 2|
¢ 17.23 325 o 4] o] Tord. ATEA elm e A9t 7t

19.96 o)1, =K 3} A F Q) TAZHS 10.00 22 1}
69 ZAtol vl T3to] A%

bttt $&H A A8 9] SEAcTHS 8.89 o]al, 4 o

&% o} Y| SEACRES 4.02 o2 et 8y TF oI AVIRI8Y 2Ajelq o] A= 7
ZAPO A 21 AL 20| TAZHS 953201, 42 gFo] Yepton, 89 ALl Yo AYe) | Y22
W 5 3] TAZHE. 17 980 2 LFefupes. & A o5 §Fsh= A0 R Uehdtt, shARt, Ho] AR
242 SEAcHEE 17.23 o], &1 3} 2|9 o} Hlasto] shRol Al Fadhes B 89 AR

16 o prpff arfa (a)
14
12
& 10 1 &
= =
o 8 o
4
T T T T T T T T T
28 26 24 22 -20 -18 25 20 15
813C(%o) §13C(%o)

Figure 2. Ecological isotopic niche space of benthic macroinvrtebrates in June (a) and August (b) at the upper and lower
area of Seongchon Weir.

mmm Upper area (a) ®)
= Lower area

600

400

200

T T

Average Average Average Average Average Average

population density population density population density population density population density population density
(all species) (dominant species) (BMI poliutant value (all species) (dominant species) (BMI pollutant value
more than 2.0 more than 2.0
species) species)

Figure 3. Average population density of benthic macroinvrtebrates in June (a) and August (b) at the upper and lower area
of Seongchon Weir.
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Table 5. Average diversity index (H’) and average Benthic Macroinvrtebrates Index (BMI) of benthic 5 macroinvrtebrates

at the upper and lower area of Seongchon Weir.

upper area lower area
Tune Average diversity index (H”) 0.21 0.55
Average benthic Macroinvrtebrates Index (BMI) 12.50 12.40
August Aver.age diver'sity index (H’) 0.70 16.70
Average benthic Macroinvrtebrates Index (BMI) 0.67 20.50
Mk sdRt Aoz yetydth o= HASES oA © 1 ANkto] 2ARIM R E= FE Al oE
Al7191 6 2ARRL o] % Al7]Q1 8 AP} Hol= SHELZ A} Al7|U 2] o] whet 2H b =
7ol XE‘QJ Hatel BA glo] dAsh= Zem, st vhH BWrE Adte] EAIZF A 4= ek 3 S
Aol AN 73 Wok= AMAY HEFATE= U L AT 22 5k o) e o] ARl Hstz sl
of el | ¢ Zioﬂ FE&E A, E2 lsf Ty FAF AT} gho] wgh o= Q7] Wiz did A1) A
© AAA 9 EAWSkE o|9 e A Hstel A HHAQl S SR Frhshrldle S
glo] AMA @A FE=olA 4= A 7ks 7H 4= itk (Everall et al, 2017). wjgbA o] tf
ol e Aoz detE &, LA, sk o F = B 4 A
ol2igt A A I A o FFS AMA tHFFHF © AT LR o] 83 YA 9 AS o] &5t
&0 BE A @t vlasty] ffste] Bt Y of ol2fet etAIS Hekstal 53] HrhA o] 413
&=, Bt *E}"WZ]*, W+t BMI k& AlAtsRglct, e gEskal 37 RS AEshs 9de g ¢
Hat WARES - 69 2AR| SEE A A7 Ws AL E T,
A 93.89 S UEHWGlaL, SER sk AN 719 Hd 2 H7tol| o] &H = olatets] Bt
103.7¢] k& Uehdch, 89 A AE SER WY S o] 87t F7PNE sk Y YTt
& Aol A 340,79 g YERHIAL, SEH 3} A oF 22 AlRte Hle B7t 7k skch e
oA 370,49 P2 YERRSIH, ol= F Al7] B YaH|E o] &RF AR A o Ff-, YA Hol
HO AR AR EG shF Aol 52 Bt /A= Tx, g e YA Hekel 2 sk &
£ 7Hithe Ags dehdtt (Figure 3). B+t & 7ol AAA g ezM e Tl B FEl 7
FEAT B 68 TARA SEE A, SHAR 2 £ FrRRkRl g HeA ) ARE Al 4 9
75 0.21, 0.559] gk= Hetiglon 88 2AlA & S ZIo= dohEn, 53], AEA 7|Heke] A&
28 A, kA 242 0.70, 0.679] 3 YEFH S e AMAY diE T2 55aS o8t A
k. Bt BMIS| - 68 2AIA SEE AL, 5t A 2 ZA 0 5P f71E 719 Hol W o | A
M 7474 12.50, 12.409] k& dEhilon 89 24 55 9 B Brlskal 754 A4 24
oA sEX A, sHAA 22 16.70, 20.509] %Ig i 718 24 #ate] BAS gt & 4= Qlek (Doi
UER ITE Bt ST/ Aot B+t BMIS| 7 et al, 2008)

5, 881 A4 S0 4, o A5 2T
2 LA ket (Table 5)

A AL A8 623 89 HAlelH QAT
AFS el golt, WY 8 §HOE AgH
L AN R RRER) B FrhA e
BMIS| 49 433 AFE vehiA| got B7tel 4k
F517] ofele A0 el ook 2& A%

2 210 49 A A9 WA 2 ol S
HESV] 13 AR AHAH B B2 2
VRIS AT, B Ao AR e 9l
X AAS 93 SIBER Rae A5 Ha 57
oY AHFIANL BHANE LR, AA
q FRRFERY B9 Aol utet FUH F5

4
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= A3s] o9, MAIS] 735 A& A%
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