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Health assessment on rivers in Shanghai City using benthic index of biotic integrity

XIONG Chunhui, ZHANG Ruilei, XU Yuping, ZHANG Wei, CHEN Pingping & WANG Liqing
(College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, P. R. China)

Abstract; Form 2011 to 2013, benthic macro-invertebrate assemblages were sampled from 31 rivers in Shanghai City. The analyses
of the range of index value distribution, judgment ability and Pearson correlation were analyzed on 31 candidate metrics. Four bio-
logical metrics including relative percentage of Oligochaeta and Hirudinea, number of tolerant taxa, percentage of Diptera number
and percentage of collector taxa richness were selected for establishing Benthic Integrated Biotic Index ( B-IBI). The values of met-
ric were calculated by ratio scoring method, and B-IBI was obtained by combining all those 4 indices. According to these estab-
lished criteria, results showed that among 31 rivers of Shanghai City, 4 rivers were healthy, 4 rivers were sub-healthy, 9 rivers
were good-fair, 8 rivers were fair, 2 rivers were poor. The health status was best in rural rivers, followed by suburban rivers, and
worst in downtown rivers.
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Fig. 1 Distribution of the sampling rivers in Shanghai City
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Tab. 1 Candidate biological metrics for B-IBI and their expected direction of response to disturbance
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Tab. 2 Distribution of 31 metrics values from 5 reference sites

1071

ER7E 313 SFIIME PRz i INIE] /ME 25% S} fH H{E 75% S
M1 513.15 613.54 1603. 33 137.90 239.17 247.33 338.00
M2 7.28 0.80 8.67 6.67 6.83 7.00 7.25
M3 0.11 0.11 0.30 0.04 0.06 0.07 0.08
M4 0.05 0.01 0.07 0.04 0.04 0.05 0.06
M5 0.43 0.26 0.85 0.17 0.32 0.35 0.46
M6 0.46 0.24 0.85 0.26 0.32 0.37 0.47
M7 0.05 0.02 0.07 0.03 0.03 0.04 0.05
M8 0.57 0.22 0.90 0.32 0.44 0.55 0.64
M9 0.43 0.22 0.68 0.10 0.36 0.45 0.56
M10 0.43 0.26 0.85 0.17 0.32 0.35 0.46
M11 0.44 0.21 0.68 0.13 0.36 0.45 0.58
Mi12 0.24 0.06 0.35 0.18 0.22 0.22 0.24
Mi13 0.28 0.06 0.37 0.22 0.24 0.24 0.30
M14 0.38 0.01 0.39 0.36 0.37 0.38 0.38
MI15 0.38 0.01 0.39 0.36 0.37 0.38 0.38
M16 0.09 0.13 0.32 0 0.02 0.02 0.09
M17 0.74 0.21 0.97 0.49 0.64 0.68 0.94
MI18 0.08 0.12 0.30 0 0.02 0.05 0.05
M19 5.01 0.91 6.00 3.67 4.71 5.00 5.67
M20 2.05 0.73 2.83 1.25 1.33 2.14 2.67
M21 0.88 0.11 0.97 0.70 0.87 0.89 0.96
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M23 0.71 0.10 0.82 0.55 0.67 0.70 0.78
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M25 8.47 0.58 9.04 7.53 8.42 8.55 8.80
M26 0.88 0.06 0.96 0.80 0.86 0.89 0.92
M27 0.08 0.06 0.18 0.03 0.04 0.05 0.07
M28 4.79 0.31 5.00 4.25 4.83 4.86 5.00
M29 1.56 0.65 2.67 1.00 1.29 1.33 1.50
M30 0.65 0.08 0.75 0.58 0.60 0.62 0.72
M31 0.20 0.09 0.35 0.12 0.15 0.16 0.20
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Fig. 2 Box-plots of candidate metrics between reference and impaired sites
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Tab. 3 Pearson’s correlation matrix of 13 candidate metrics
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M5 1
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MI1  -0.40" -0.47" -0.99™ 0.99" -0.38" 1

Mi16 0.70** 0.80*" 0.42* -0.42* 0.52*" -0.41" 1

M17  -0.56"* -0.79** -0.38* 0.38" -0.55"" 0.38" -0.8" 1

M18 0.70** 0.79*" 0.43* -0.43* 0.51"" -0.42* 0.9 -0.86™ 1
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M30 0.46"* 0.65 0.32 -0.32 0.46" -0.32 0.81* -0.79* 0.81™ -0.55"" -0.17 -0.83" 1
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Fig. 3 Health status of rivers in Shanghai City assessed by B-IBI
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Tab. 5 Correlation coefficient between B-IBI and physico-chemical parameters

TN TP CODy, Chl. a WT pH SD DO hE R KR
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Tab. 6 Assessment criteria of B-IBI in each season
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AWFTE 73 BRI AR5 25 21 R i B-IBI R R, B B, FI AR RUie i i B-1BI 1A &
TAEYHR PRI BOE BB T A, AR R A A48 B EOR T 0 F 9 1. 45 3210 O (e BR AR B A
FHIR] S HEIRAS B AR HE(EERAE 1. 20 747, 45 7R B8 A9 A HET A A 22 1) 80 85 T AR I PP A of , DR 4521
T S AR TR R IR 22 RS AT S5 SRR, Z2 1 A8 0 ) — K 3 B-1BI A 2R 19 4= 40 25500 1
FIME TN AR AT S0 B AT AT 3 BT 251> 25715 BIRWE Sh ) EVE AR O Y 22 S 1, O ELish /b 2 = 40
)% Ry B-IBL AR R RS2, BT A2 35 A8 Bl X f  B-IBL MR S5 i A FREE , A 1o it — D
3.2 B-IBI Wyi& A4

RAVEH S B RET R AE S 23 8] A 515 2 R K 7 B B UG 2%, B AT I ARG 3l ) 5 e 1 1
DA IR, B B 5 LA PP A R T K S TR S K R B A bR A4S 4. Llanso 61 4 i it
VT B B 2 25 R DK SRR A= WU AR VROIR B0 55 32 B3 DY 7 BK 2k, LA w8 1 0 445 2R A v P i P
R, B-IBIE 5052 1) 19 4R A5 ) 52 i o HU RO, 70 S 11 05 B 22 M i34 B-IBT N IR | ORS00 A 1
B P M P B R DL L e 4 RS TR S A A ] M B X B A S X S B 1 AN [
i B-IBL A4 2 M0t AN {91 0 A ) LA B L DX (3R 0 M A4 R 1 B-IBI 48 b VA R (3
FHFAR IR Wt X SR . ARG A A S i O AR S X R 260 ™ ARS8 A B 58 I 4 = Sy
SRR B B A MY A S IX G P R A AN R AR 25 XX B-IBL B HAFA B v (9 52

PR BEA TR A 7K I, 2 I8 B VPR A [R]85 U B PN P i S AR R 22 5 (R 7). VY9 R 1%
ViR T LU DRI, I S B RN A ) 22 R , K ST, 2 M B PR b LU, v g T 3t 3t )
FNT 6% , i R A HA RN T 0.2%  FRME B HRK T 90% TR ROR T 75 5 48100, 1030 i 34— ¥ 1]
TRAL TR, A2 B — s R BTG 5 , 2 M R PEARE R, AR R K BT I AL R A5 B 3T 595
QR 5] B DO FE L R30I 1000 m IEAR . 2 M8 S B e FERR A [] BT 2 57 ) B-IBT @ RRIP A pR vt A
FIAN ], P4 BRI ) 2 B R bR R o, 1 R A FOIRAS ) B-IBI AR T 0. 69 A FEPFARBR IR Ry A% 5 ThT 1L
T 2 MR AR A XA, A5 A HEIRAS ) B-IBL {E > 3. 66 wit m] LA, @ BEVEAN PR AL, AT FE T3
SERJE T I, 3275 YARR B o, K BUR 24 TIV ~ VIEbRiE, £ 24 WA 845 VI, AW 2RI,
S Sh PR 2 B T E R AR ™ 2 I () S PRAR BRI, 75 HH OB PP AR bR, S5 SR e
AL RURAE—E PR b T R A S e L Y T A [R] AT AL ) RER 0. AN [ ) it B DTAR s o I A A 1)
B-IBUA R I A S H e 2 A7 I ), P25 3R B-IBL AR (4= W48 b3 il J2 40 JE BT 4 EPT 4328 AT L
B H% (A 3 MR 2 oT R | (SCA R BRH ) % JEEE% FBLEEG LRI X B B-IBI
PRAR B LEDIERR 5 B0 TR EPT 22 TR R 3 (L3 mh s 2 o ki KGR 200 SRUESEREY% Al
BI $5550; PRI B-IBL (AR I AR 148 bR 00t EPT 23 FoT R S AT A AR = B2 ¥ 261 23
R BATCRL BUBSEHERH X 42 BE A Shannon-Wiener ZFEEAEL. P75 BRIR TR A LB L0 BRI AL T 111X, 4=
W BB LT o BRI R IR S8, T T AR AT — A S R T , 3050 A W4 o o 6 75 SRR IR . A<
WIFEXR S8 AL T, R A A 52 A8 SRR ELBOR , AR WD bR AS b SRS A ¢, th T RE 7
TS Y™ L, AT SET 5 B RN C kB T IRIE TS Y e R BRBE , 5 S50 5 2R A 3 2 BT BB AR, T i



1076 J. Lake Sci. (#1:84+%),2015,27(6)

TSRS AITRUIR T2 IR, 18 WU 75 28 T 4028 A T BONE T IR A 5 I mi B IR, 4, 7 2011 4R A& 1 2 BRUR
B BHR BRI TS 2SEEL 4 B 20 BN E B K 2285] ( Limnodrilus hoffmeisteri) i85 ¥4 12 ( Bellamya aeruginosa) .
A EHR SR RIS ( Tanypus chinensis ) FIEE (PRI ( Chironomus flaviplumus ) , T 4 55 2= 598 KA 28 1 7K 22 W51 1
S EBIR 2 B, BEA F A THLA DTS 2R 0 K BT /D T2 IR R X S Rk AR FaAn b 45 Hh Y B
TGS IR AEAS—E, AITTEZ R B-IBI {4 R 19 £

%7 B-IBL 52 M s s PEAR v LU AL

Tab.7 Comparison on B-IBI and criteria of reference

WXt 5 2R s PR B-IBI fF ( LLAfi%)
PEEREE 2 M AR <6% , & R HIF A <0.2% , #F#k% B-IBI>0.69 JfiHE,0.52 ~0.68 Jy il fi
% >90% , WHEHTEL > 75 035 -0.51 F 018 ~0.34 Ty
7 ,B-IB <0. 17 Wi} 2%
A eSS P TEARVED S BB 2, R 258 90% 1) I-;  B-IBI>1.82 Jofifthfe,1.37 ~ 1. 82 Ky Wi fift

BB A S TG4, e B e A s e 0, LB R BREL0.91 ~ 1,37 S5 —#,0.45 ~0.91 24
5 km Z IO HE, P 100 m 5.5 km AT NI 22, B-1BL <0.45 il s

HA BRI A A
FERTGE ) GRA /RIS T 9L 1, BB A0 4 {H A5 150 4314 B-IBI>2.62 Jyfilth,2. 03 ~2. 62 Jy W fgk
b, HLA R G vty - s R JE A FEE,1.56 ~2.03 y—fif, 1 ~1.56 N2,

B-IBI <1 M2
R KRR MZRARELL b RS B TE S5 Y VR, RE S BB JE B-IBI >3.66 JfitBE,2.75 ~3.66 Jy il il
A EF 1000 m N ICAR H BE,1.83 ~2.75 —f%,0.92 ~1.83 Ky
2% B-IBI1 <0.92 M35
N ik A KT Bh 4 2 BEE 36 B0 P 245 o ( Shannon-Wiener 22 B-IBI > 3. 04 Jyfdtffe 2. 28 ~3.04 Sy il {g
FEPETE%L >3, Margalef Z2 B8 PEFS %L > 3, Simpson ZEEESE  BE,1.52 ~2.28 H—f§,0.76 ~1.52 3

5 >6) 7%,B-IBI <0.76 Wi 22
BRI BT IO A R 5 R e HA 2 B AP B-IBL> 1,62 SfdtRE,1.03 ~ 1. 62 Jy i f
15 Y/ INIKIR S 2 B Ff,0.31 ~1.03 Jy—fi§,0. 10 ~0.31 2

2 B-IBI <0. 10 Jy#f 2
[SRSATRE Nk o LA APEFE B (PMA) =50 K B2 G hnfEZE T2 B-IBI >2.69 JfdtffE,2. 02 ~2. 69 i {g
FRELL 1 BE,1.35~2.02 Jg—JB,0.67 ~1.35 N

% B-IBI <0.67 k2

L BT, R RIBFFE 0 R AT B EREEA [A] A A8 B-1BI A 2R I 25 I A A 8 b ot AN ] 3 Bt B
TR R E Y S BORBR HEAL 2 A BT AN ). 3P 2 SVl B-TBT (14 107 FH 32 31— (i BRI, o —BHF 5 7K MR T A 2 11
B-IBI {4 2 HABRLHI T-5 1% WF 50 X G PRBEIR 0 2 0119 31X, AN ] PR35 bR B0 114 7K 3ol 28 g AR 45 % b DX 1Y
B-IBI{ACF , DA T S8 o A 3t P49 T 0 ) e AR . BT ATE IS ] B-IBT 438 BT 3k 7 P i i R R, AN E 2 e

) B-IBL R &, 4, A58 %5 VTl B-1BL FH/K BRBE K1 =22 18] (9 56 R B4 T 0025 4007 , A5 R P 45 51 5 K
FELAT f 35 B AR DM A0 T X AT B-IBI SRR BB IR 6. KR R AR B B S SRR AR K R
A5 IR S Y Uk L A ) SE S PE TR B, TTREXT R 2 B-IBI MR R — 5 Y FE IR,

. B BRI B WIS A AT AT IR AR A BT R R AR S B TR K3 A B

4 %3k

U] FEPC AR AOK AR AUt b /KRR HL it , 2007 :49.

2] AT R, ZERR AR IR A IS K. KRR, 2002, (9) :14-19.

31 VB XVEERR. AR A RO KA. T AR 2544 ,2002,13(3) :1191-1194.

4] Pinto U, Maheshwari BL. River health assessment in pen-urban landscapes: An application of multivariate analysis to

identify the key variables. Water Research, 2011, 45(13) ; 3915-3924.



REABES . 8 R RAE S M TG BOR A B T R R 1077

[5]
(6]
(7]
[8]

(9]
(10]

[11]

[12]
[13]

[14]

[15]

[16]
[17]

[18]

[22]
(23]

[24]
[25]

[26]

[27]
[28]

[29]

[30
[31
[32
[33
[34

[ R R

[35]

U s e, ST O A 25 R U R FR VRN WK /K22 21,2005 ,16 (3 ) :349-355.

Norris RH, Thoms MC. What is river health? Freshwater Biology, 1999, 41(2) . 197-209.

SRIREY XU B, A 2 0. Sl i T 980 2 A R A PP —— LA AL mO K B 2R A A, 2005,25 (11)
3019-3027.

Johnson RK, Hering D, Furse MT et al. Indicators of ecological change: comparison of the early response of four organism
groups to stress gradients. Hydrobiologia, 2006, 566 (1) : 139-152.

Karr JR. Assessment of biotic integrity using fish communities. Fisheries, 1981, 6(6) : 21-27.

Karr JR. Defining and assessing ecological integrity: beyond water quality. Environmental Toxicology and Chemistry,
1993, 12(9) : 1521-1531.

Karr JR. Ecological integrity and ecological health are not the same. In: Schulze P ed. Engineering within ecological con-
straints. Washington DC: National Academy Press, 1995 97-109.

Karr JR, Chu EW. Sustaining living rivers. Hydrobiologia ,2000, 422/423.1-14.

Karr JR, Rossano EM. Applying public health lessons to protect river health. Ecology and Civil Engineering , 2001 ,4(1) .
3-18.

Kerans BL, Karr JR. A benthic index of biotic integrity ( B-IBI) for rivers of the Tennessee Valley. Ecological Applica-
tions, 1994, 4(4) . 768-785.

Griffith MB, Hill BH, McCormick FH et al. Comparative application of indices of biotic integrity based on periphyton,
macroinvertebrates and fish to southern Rocky Mountain streams. Ecological Indicators 2005, 5(2) . 117-136.

Eugene AS, Oh IH. Aquatic ecosystem assessment using exergy. Ecological Indicators, 2004, 4(3) . 189-198.

Wright JF, Sutcliffe DW, Furse MT. Assessing the biological quality of fresh waters; RIVPACS and other techniques.
Freshwater Biological Association, 2000, 46(10) .1425-1427.

Smith MJ, Kay WR, Edward DHD et al. AusRivAS: Using macroinvertebrates to assess ecological condition of rivers in
western Australia. Freshwater Biology, 1999, 41(2) ; 269-282.

WD 2R 3. TR AR B OB PR A R B A P AN . AR 35241, 1992,12(1) :8-15.

T AR T AR RS R Bl 4 58 34 1 5 B-IBI PPAR R i fd . A= 454441 ,2005,25(6) :1481-1490.
Wtz , A, Tl 2R AR 55 BTN B4 o8 k18 BOEANR K IRt K R TR AR RRAR S KA 522 A0k, 2012,33(2)
16-25.

2O DT, R BRAE RIS SR R MR RO P R R R RR. FRBERLAE 2007 ,28(9) :2141-2147.
MLk N, TRIE S AR N TIAN Bl S R R BOT O R A A A BE. WA R, 2014,26 (1) 1 74-82. DOL
0. 18307,/2014.0109.

KT AR R, EYE TSR SRR S A TEAT S 4 e R AN SR AR S AR . PREERL 244, 2007 ,27(6) 1919927,
RO AR B e B TR Bl 5 R PR 50 V8 TP A T R £ B R B A b SIS R 2 EAREL
“#,2013,49(2) :297-303.

TRE R RIRET , B 55 ZE TR S S8 B Mk 38 50 ( B-IBD) B 11 FEVE I (g BT AR ML BRIE )2 241, 2012,
31(9) :1808-1814.

SRS IR AE W AR S R RV E M SRR MR ST . [T 1R 22 4 B AR, 2006 ,45 (A2) :83-89.

Morley SA, Karr JR. Assessing and restoring the health of urban streams in the puget sound basin. Conservation Biology ,
2002, 16(6) :1498-1509.

Weigel BM, Henne LJ, Martinez-Rivera LM. Macroinvertebrate-based index of biotic integrity for protection of streams in
west-central Mexico. Journal of the North American Benthological Society, 2002 ,21(4) :686-700.

FOf R LGP JEUR] 0 M X AR 7K 3 2k MR B K 1 AR, 2003, (1) 122423,

XA, 5K, TR E 25 sh k. JEat Blaf bt , 1979 134,

Fut. P E/ NSO Jat R R Bk, 2002 :228.

GB/T 3838 —2002. HhHe A R AT ] 4 2 /K PR35 I B f.

Blocksom KA, Kurtenbach JP, Klemm DJ et al. Development and evaluation of the lake macroinvertebrate integrity index

—_

(LMII) for New Jersey lakes and reservoirs. Environmental Monitoring and Assessment, 2002, 77(3) . 311-333.
Morley SA, Karr JR. Assessing and restoring the health of urban streams in the Puget Sound Basin. Conservation Biology,

2002, 16(6) : 1498-1509.



1078

[36]

[37]

[38]
[39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

J. Lake Sci. (#1:8#+3),2015,27(6)

Novak MA, Bode RW. Percent model affinity; a new measure of macroinvertebrate community composition. Journal of the
North American Benthological Society, 1992, 11(1) :80-85.

Barton D. The use of Percent Model Affinity to assess the effects of agriculture on benthic invertebrate communities in
headwater streams of southern Ontario, Canada. Freshwater Biology, 1996, 36(2) . 397410.

B, T 2L AR e SR BT K A S R SRR RS R . R AR A2, 2013 ,24 (1) :295-302.
Barbour MT, Gerritsen J, Griffith GE et al. A framework for biological criteria for Florida streams using benthic macroinve-
rtebrates. Journal of the North American Benthological Soctety, 1996 ,15(2) . 185-211.

FOBL U ki, B IR X FARE AL R IR AL IR B S R P ERE R4 ,2010,30(S1) 1 7-13.
JodoFeio M, Reynoldson TB, Graga MA. Effect of seasonal changes on predictive model assessments of streams water qual-
ity with macroinvertebrates. International Review of Hydrobiology, 2006, 91(6) : 509-520.

Leung ASL, Li AOY, Dudgeon D. Scales of spatiotemporal variation in macroinvertebrate assemblage structure in mon-
soonal streams; the importance of season. Freshwater Biology, 2012, 57(1) ; 218-231.

Oliveira RBS, Baptista DF, Mugnai R et al. Towards a rapid bioassessment protocol for wadeable streams in Brazil: devel-
opment of a multimetric index based on benthic macroinvertebrates. Ecological Indicators, 2011, 11(6) ; 1584-1593.
Bailey RC, Scrimgeour G, Coté D et al. Bioassessment of stream ecosystems enduring a decade of simulated degradation
lessons for the real world. Canadian Journal of Fisheries and Aquatic Sciences, 2012, 69(4) . 784-796.

Astin LE. Data synthesis and bioindicator development fornontidal streams in the interstate Potomac River basin, USA. Ec-
ological Indicators, 2006, 6(4) . 664-685.

Burton J, Gerritsen J. A stream condition index for Virginia non-coastal streams. Virginia Department of Environmental
Quality, Richmond, Virginia, USA, 2003.163.

Gerritsen J, Carlson RE, Dycus DL et al. Lake and reservoir bioassessment and biocriteria: Technical guidance docu-
ment. Washington, DC: US Environmental Protection Agency, Office of Water, 1998 .202.

Llansé RJ, Dauer D, Vglstad JH. Assessing ecological integrity for impaired waters decisions in Chesapeake Bay, USA. Ma-
rine Pollution Bulletin, 2009, 59(1/2/3) :48-53.

Southerland MT, Rogers GM, Klien MJ et al. Improving biological indicators to better assess the condition of streams. Eco-
logical Indicators 2007, 7(4) :751-767.

FEAAAS, XA BRI T4, b AR S R 48 AR A8 45 3R ,2001,21(1) :1-6.

B ML ZRKE, TRASE. FET B-IBL B RO IR A A AR M. A= 35 4A4,2012,32(11) :3313-3322.

B R, AR, BT KW B A S A W S AR IE. AR R A H AR, 2012,48 (4)
392-398.

KRB 2 RS SR RS RO O B RS I AR 2 R R WA R ,2013,25(1) ¢
91-98. DOI 10. 18307,/2013. 0112.

Wi/ T, USSR A ST ST 00 3 DX R A JEE RS 3 W A 7 2K B HE 5 B IR T I G &R AR A ER IR AR 4R, 2013,22
(8) :1310-1316.



