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al, 2004 ; Silveira et al, 2005; Weigel & Dimick,
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Tab.1 Definitions of candidate metrics and the responses to stressors

SRR SR L Xof /IS 3 114 ) 7
TotalTax P SRS T
Shan_2 Shannon-Wiener Z PR, S BEEA I Z AR ME RN 5 B2 T
ChiroTax EFNESA LS i TR
DipTax WU H ISR A 24 TR
TolerTax M5 R T AT 7 2SR EL Tt
% TolerTax M5 ER T EE T 7 2 RE R BT 5 H 4 1 b7
HBI Hilsenhoff £E ¥145%% L7t
TolerPct i 5 AR BT 5 A L FF
Dom01 Pct AR T S EH ot T
CrCh2ChiPet FRFE I+ 32 BUR B T A3 L Tt
RichnessPerTaxon BB BRI F
BivalPct WSE IR T 5 H TR
ChiroPct PSR T i TR
NonInPct ok A B B 4y b F
OligoTax HERYFEL EJt
% OligoTax SERIFENR L H oL Tt
OligoPct HERIBEI A 7t
CrMolPet SRR S B T |5 43 L T
% ChiroTax FEWCRFh R G A e ke TR
% DipTax XU F RSB 5 T 43 b TR
DipPet X H o | 4yt TR
ShredPect e BeE i A A E
FiltrTax TEEH P TFE
% FilwTax UE T YIFNET A 23 L TR
FiltrPet IEEERCE T A TR
ClletTax e B 3 S RERI A B TR
% CllctTax W e BRI BOUIT 5 2 L Tk
PredTax HEE YRR A E
% PredTax HEHYHET S E A E
PredPct T E R T A T ACAE
CllctPet WS SRR T i 3 T TR
ScrapPct Bl ie el N
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(IS HL, LU A RE 5 95% 1150 7 (B4R A dee A 10 28
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Fig.1 The biplot of Bray-Curtis ordination
based on zoobenthos data
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K025 Z 8007 {5 B S 1 o 2 RS [ PR R L
F (EPA) R bR ORI E B I S B IS . 45
W], Shan_2 5 DomO1Pet 5 & AH O, #H K R EGA
-0.95;% OligoTax 5 % DipTax % ChiroTax 27 [f] %
I BEAH S ; OligoPet 5 NonInPet , DipPet , CllctPet £
ChiroPct 22 [f] /5 B # 5¢ ; NonInPct 5 OligoPct , DipPct
A1 ChiroPet 2 [ A S 2R 2 XHE I R F 0. 9
T 2 FE R B0 T A & S BRI A
O3 HEER DR B Shan 2 5 K b H 30 b 2R AR G
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Pct) ; 7£ NonlInPct , OligoPct , DipPct £ ChiroPct 3% JL
A AR S, SRR B AR BB £ E AR
KAz B BUVBCRE P 43 e (NonInPet) o 2853 DL B #ifi i, 8
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Tab.2 Scores of axis 1 of Bray-Curtis ordination and establishment of reference and impaired sites

oo B 1 W R %l 1

2006 4F 3 H KK PR & 0.5127 2007 4F 8 H =jHKEV 0.7188
2006 4E 3 & KK ZEHAE L 0.5236 2007 4F 8 J] =ik )% VI 0.6601
2006 47 H & KA MR 0.4063 2008 4E 1 =K T* 0.0527
2006 4F- 7 H & KK EER I 0.2174 2008 4F 1 A =K% 1 0.2514
2006 4 3 H 8Kk FERRAT 0.3367 2008 4F 1 H =@ k)% I* 0.0161
2006 4£ 3 H & KK R 0.3251 2008 4F 1 H =il WK EIV# 0.1323
2006 4F 3 H &5 Kk PR 0.2767 2008 4F 1 J =il in[ /K V# 0.1709
2006 43 J1 w5 /KK R Bt H 0. 5000 2008 4E 1 F =38 K2 VIt 0. 1904
2006 4 3 H & KK ZE I 0.3500 2008 4E4 H =iEMWKE T * 0.8541
2006 4E 7 H w5k FE R 0. 0000 2008 4F 4 H =B KED 0.7449
2006 47 A & KK E i 1 0. 5000 2008 4F 4 H =i mAKENY 0.1130
2006 47 H & KK EE R 0.2096 2008 4F 4 H =KV 0.3802
2006 47 & KKIERFEIL 0.5252 2008 4F 4 ] =3EWKIEV 0.6325
2006 4E 7 J & KK ZE M 3 0.2437 2008 4 4 H =38 K VI¥ 0.1760
2007 4E 10 A AEBHT K% T 0. 5000 2010 4 10 A KK Z 1 0.6528
2007 4F 10 HAERHTKJE 12 0. 4800 2010 4 10 H K R~ 0.8457
2007 4F 10 H #BHm K 2E 12* 0.3200 2010 4F 10 H 7 #/KEBUK O 0. 6653
2007 4F 10 H 48 [HI] K A 113 0. 6461 2010 47 10 H 7 K TR A 0.7550
2007 4F- 10 H 42 PHT /K JE V1™ 0.7975 2010 4F 10 H %K% FALIE S * 0.7604
2007 4 10 JAEFHM K A V2 * 0.8324 2010 4% 7 H KRR L 0. 5000
2007 4£ 10 H 4P K 2 1V3 0.6653 2010 47 F @K FEBOK H 0.4519
2008 45 HAERHIKIE T 1 0.7778 2010 47 AT AKE B TIE R 0. 6866
2008 4F 5 H A FHRKPE 12 0.5388 2010 4E 7 H AWK R FAGE TS 0.4237
2008 45 FAEPHW K 13 0. 6653 2011 4E 4 J iK% i v 0.7975
2008 4F 5 AP KT 0.9734 2011 4F 4 K EBOK 0.8200
2008 4F 5 HAEBHR K T2 0.6172 2011 4 4 AT AKE B TIEJETE 0. 5000
2008 4E 5 HAEHI K ZE T3 * 0.7449 2011 4F 4 H 7K PEFETE 0.9444
2008 4 5 AR K PRI 0.6107 2011 4% 4 H A KIEEH " 0.9444
2008 4F- 5 H AR K FETM2 0. 6827 2011 4 5 AT KR DU TIE R 0. 6284
2008 475 HAEFHRK RT3 0. 6653 2011 4F 5 H K RS 1.0000
2008 4F-5 H ALK FEIV 0.7112 2011 4E 5 H %K IE FACR S 0.8856
2007 4F 10 H =k % 1 0.3483 2011 4E 7 H K e ST R JE T 0.8748
2007 4 10 H =38k % I 0.5000 2011 47 H K AR RS * 0.8084
2007 4F 10 H =K EN* 0. 1708 2011 4E 7 Ak IEE 0.6975
2007 4E 10 F =K EN? 0.0223 2010 4E 7 A4k K ERE Y 0.5783
2007 4E 10 A =il mKE VY 0.0833 2010 47 43k 1ILK R R R 0.5354
2007 4F 10 H =8k VI* 0.2241 2010 47 43k 1ILK R R 0.4575
2007 4= 8 H =ik % I 0.6134 2010 4E 7 H EBEKIEE S 0.5472
2007 4 8 H =jEMKPEIV 0. 4608 2010 4E 7 H ERKIEEH 0.5992

T RS IR, U AR
Notes: * Reference sites, *Impaired sites.
F£3 NESE Pearson XM RE

Tab.3 Correlation coefficients of the selected core metrics

S8 Shan_2 PredPct % OligoTax NonInPect HBI % CllctTax CllctPet  RichnessPerTaxon
Shan_2 1
PredPct 0.50** 1
% OligoTax -0.68" " -0.65"" 1
NonInPct -0.72** -0.82** 0.86" " 1
HBI -0.65"* -0.38" 0.58" " 0.55** 1
% CllctTax -0.56** -0.77** 0.82"" 0.75"* 0.52"* 1
CllctPect -0.63** -0.88** 0.76 " * 0.87"" 0.57** 0.88"" 1
RichnessPerTaxon -0.40" -0.34" 0.41" 0.45" " 0.28 0.33" 0.41" 1

et R P<0.01, *m P<0.05,
Notes: * * P <0.01, *P<0.05.
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Fig. 2 Discriminatory power of 14 candidate metrics for reference and impaired sites using box & whisker plots
2.4 NESHENNZE—FES 2.5 B-IBI 3EHE RS KinERHIL
A ANESEL95% B 5% 153 RiAEE R e S50 H, T A ol L B-IBL {E 0 A 1) 95% 4

W, R EES — S ARSE RN, &5 (fHR 5. 85,0 B-IBI 73{H >4. 68, /KA 25 R Gefd
— T, B AESE I R EEAIREAKX L RS WE,3.51 ~4.68 R ,2.34 ~3.51 4,
4, 1.17 ~2.34 Jy72,0 ~ L 1TRPPIRE NRZE (£ S) o
x4 BENESHER
Tab.4 Detail information of the selected core metrics

P SRR & S (B % A AE IR 202X
1 Shan_2 Tk - e ZREETR S 95 2.66 Shan_2/2. 66
2 PredPet T EH ISR T I 95 80. 83 PredPet /80. 83
3 % OligoTax EERYFEE 4 H 5 0 (100-% OligoTax )/ (100-0)
4 NonlInPect JEk A B BB H b 5 0 (100-NonInPct) /(100-0)
5 HBI Hilsenhoff & ¥1$5 %k 5 6.91 (10-HBI)/(10-6.91)
6 % CllctTax W MR E 4y 5 0 (100-% ClletTax) /(100-0)
7 CllctPet WEEBEH T 5 0 (100-CllctPet) / (100-0)
8 RichnessPerTaxon SR R 5 1 (162-RichnessPerTaxon )/ (162-1)

RS KEKFEMETRENMOESRREIRRESRIRE

Tab.5 Rating categories for assessing aquatic ecosystem health in drinking water resources-based reservoirs

B-IBI 43 5 il >4.68 3.51 ~4.68 2.34 ~3.51 1.17 ~2.34 <1.17
KEBRGRES e =S oy % 2
T (B R o1k 80 ~ 100 60 ~ 80 40 ~ 60 20 ~40 0~20

T W ERRELES L B-IBL J3i 5. 85 XJfiz 100, 2MEA T 5. 85 {75y 100,
Notes: When unify the scores of B-IBI, 5.58 corresponding to 100, and >5. 85 still score 100.
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3.1 XEHEHIEE

KBS A N TIIA  HAS TR T SR 90 , Hoy
A LA L5 # S L RAAE 5 BOK DTS 21 R
FEPII AL R A — A R B AR
B P R PR B B K B BT A 5 U, S TR YK
3 R IX 3 Y DX DX CRR Bk AT A T
2001) o EFXF7KZE#EEST. B-IBL 55, BE 2% JEAN R X
BAYX R, BEH ERFETEYX R
R, FRAECIRES T AT AR AS[R] X B AN [R] i 1 57
TR PR 1A 2R, A mT DA B 5 SR B st B %o AN [ X
B ST R BIFR R R o BB B R T 0 2 KR KR
el WA W AN TR X B AN [ B3 A B 0 o R R A 5 4
Mr, X IEABEFL A /o Blocksom %5 (2002 ) #EHL T
58 MIAEOK IR, R K AW 5, S 21 A
ZIMIASOKIE 37 A Z B B8OK & 78 f A
WA SR 2 78 R iy B AL E B 10 A3 5 Al —
A KB THAG /38T, TR SL T 5 ML S5
Fagdt LMIT 4540, H8K Blocksom % (2002 ) #37. [) 45
BOOPASCR B, (H8E F B 52 A 8 W af, 5k 58
Gt BRALRRIN , AL K, 5] B SRAYE Sl o5 1 15
MR NBERE, B AR EER R . a7
IKIFEAS ) X BERt 235 B LA & I R — A~ KRt
TE TR — AP

e IBL S b, 2 IR fORE AN 32 400 R i 1 57 3R
OB, 3K G AR B dpe ZAh Y TBT (R 2R 11 & M A
Ktk MIEEA B TR, R4 58 & AL
T DI H 3 ) A 558 FOK 5 B0 B 37 X 70
2 I8 S B FN A2 308 5B B9 #E ] ( Barbour et al, 1996
Maxted et al,2000; F£5H745,2005; 2551452007 ;
TR A ,2007 ; EHEEE A ,2010) ik —SEF 5 1
Ve 30 ok — 2 W48 BOR A 3. 2 B ASUE (Ma Taowu et
al ,2008 ) ; SR , 3 SOy 37 o D) 22 18 i T it
S IE T E K PR AR T o TR DK R JA [ F
FOHEAT 1R, N 025 P ARG 3 Al DI AT []
WHEAT T AHNL A LR AR, XK K A2 28 R G 1
ISEIRISEE 2 3/ Wt D W SRS AL NN =1
(R A SR XA B FRAR R . & /K EAFAERY &
T A R RS T 2K AR 8, AH TS [R) K
JEIK Ty R RN A, HL 5K 2R By R R AR G,
TKAESZE IR RS ] AT AL 25 AN AR ), T SRAR 41 47K
JE SR A A7 AE 7K AR 1) R Bl K A S 8 A SR 7 o

ANy — ey 0 JE B, {EL e R ok A A S ) o 0 g
A RO 8 B 58 1 S AU A B-IBL B (E 5 1 —
ARG TEARWIE T, i TR A 4 3l Al
HEFF 09 T Boif o 2 B GURE RS2 400500, iIX D o8 24K
SEAEYV BRI T o AL 7 O B, A 2
i iR, Velk % (2004 ) 76 0 fif = 1% i @ o7
B-IBI 4555}, 15 S il i /K BR B A8 BRER T T H2 A1t 1 7K Ak
SR T R 28 B 3 , T e 3k A TR T
i VRIS A WA SR BUR /L ik S €/ TP S/xa i)
TFB, 0 s S AN [R] B AR RS S POR T 240
[ ipris

3.3 SHMHIE

X ZEAR 78 RE 1 00 3] PR E BE A% Ui 126 21 %
HRNHURS B LB, SEE EPA HEF ]
FAL AT R 534, B B2 FEAR IBT 45 807 S5 bR
ERVERROMERE , A A D223 R S 8 AR S 80W
FEACK I 1) 7 2RI e 24, T WbA oy X, H 1)
BRIk B8 /R e ) BRI S S 5 B AR B
o AR Ik BB H B 2 AR R e 1 BRI S
B, BT TUR FERT I RS BB IS E, X
— AR SEPRERAE rh , AN TR 27 2 AT RE A A [A) B e A
bt s RV, 8 57 TUAR RO AR , A [] 1) 27 5 45 AN Al
[f], Maxted £ (2002 ) #f 57 B ¥R & Pearson #HC £
L X /N T 0. 75 5 Barbour 4§ (1999 ) #E# bR
HEH Pearson AHSC R B4 X5 B/ T 0. 95 Hering 45
(2006 ) HEFF A BRHE Spearman A 3¢ & Hi 4 X {H /)N
T0. 8, ABFFEHA L HIARIE Ry 36 [ EPA HEFF AR
. BTSSR EE /3 A AT REA — 2 R IIER
G341, TR SE PRagefE b DL Spearman 45 55 A fE 55y
AJIURT AT §E 3 A8 SR Pearson K 35 27 IA I 2
B 2 RS AT R A BT
3.4 EFNNG—

ARG — W2 IBL A58 th 8O 20— 3R,
TN EMED: . TR RS S8
i 5 PRACUIR 2 (0 A J3E AT IR 43, T L 3 0 2 5
B SEHIEE AR LG, Xk S, A
[7) £ Z0PR 285 198 150 L 7 D D) A [ AT 9 v s 45 A A
], A AR T 2 BEGUREER . 25 % 19 53 DA IF AT DR
WA TP S AT ST, A B R T 2 BRI BUE
50% 53 BAE N 10% 19 53 A5 ABL X3 i B e 2 P
FICRAS , A B9R T T 0 23 B0E 95% (1) 53 S AF
SR UE OO DL 0 B R AT =5 0 B A 4 2R A T T
B X A R A R R BUE 95% 1Y 73
BLAE TP IE R B IR A 1 AR, 38 A 1Y L2 BE R
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Study on the Development of a Biological Integrity Index Based on
Zoobenthos for Drinking Water Resources-based Reservoirs

CHI Shi-yun', YU Jian-jun®, CHEN Hui’, HU Ju-xiang', CHEN Sheng', MA Pei-ming' ,CHEN Wei'

(1. Key Laboratory of Ecological Impacts of Hydraulic-Projects and Restoration of Aquatic Ecosystem
of Ministry of Water Resources, Institute of Hydroecology, Ministry of Water Resources
and Chinese Academy of Sciences. Wuhan 430079, P. R. China;
2. Water Resources Management Center of Zhejiang Province, Hangzhou 310009, P. R. China)

Abstract: Based on the survey data collected in the several typical reservoirs, the authors developed a zoobenthos-
based index for biological integrity with the aim to provide scientific and decision-making supports for ecological risk
assessment on drinking water resources-based reservoirs. A total of 32 candidate metrics were involved in the
process of developing the B-IBI index system according to the published literatures. Eight metrics were selected by
statistical analysis and joined into the final index system due to having good abilities on detecting stressor gradients,
including Shannon-Wiener diversity index (Shan_2), the percentage of predator individuals ( PredPct) , the per-
centage of oligochaetestaxa ( % OligoTax) , the percentage of non-aquatic insects individuals ( NonInPect) , Hilsen-
hoff biotic index ( HBI) , the percentage of collector taxa (% CllctTax ), the percentage of collector individuals
(CllctPet) and the average number of species ( RichnessPerTaxon). The evaluation criteria about reservoir ecosys-
tem health were established and the relation analysis was performed between the B-IBI scores and latent environ-
mental gradients. The results indicated that this index worked well to reflect the latent environmental gradients, and
would be suitable to the assessment study on ecosystem health of drinking water resources-based reservoirs.

Key words: zoobenthos; drinking water resources-based reservoirs; zoobenthos-based index of biological integrity



