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The assessment of river health using Benthic-Index of biotic integrity for

Wenyu River

YANG Liu" " ,LI Yonghui', WANG Juncai’, YANG Yuge', DING Zhenjun’
1 China University of Mining & Technology, Beijing, Beijing 100083, China

2 Liaoning Environmental Monitoring & Experiment Center, Shenyang 110031, China

Abstract: By applying the Benthic-Index of Biotic Integrity ( B-IBI) to benthic macro-invertebrate and water quality data,
we evaluate the health of Wenyu River and explore the relationship between water quality and B-IBI. Macro-invertebrate
and water samples are collected from 22 river sites, where 4 are unimpaired or minimally impaired sites and 18 are impaired
sites. We mainly consider twenty candidate metrics of macro-invertebrate and twelve water quality indexes. These twenty
candidate metrics are total number of taxa, EPT taxa, Crustacea and Mollusca taxa, hironomidae taxa, total biomass,
dominant taxa individual relative abundance, the first three dominant taxa individual relative abundance, Trichoptera
individual relative abundance, Ephemeroptera individual relative abundance, Tubificida individual relative abundance,
Chironomidae individual relative abundance, Hirudinea individual relative abundance, Crustacea and Mollusca individual
relative abundance, number of sensitive taxa, tolerant taxa individual relative abundance, sensitive taxa individual relative
abundance, biomass percentage of tolerant taxa, biomass percentage of sensitive taxa, BI index and clinger individual
relative abundance and twelve water quality indexes are dissolved oxygen (DO), temperature, PH, total suspended solids

(TSS), conductance, COD BOD,, total nitrogen (TN), total phosphorus (TP), ammonia nitrogen ( NH, ), nitrate

(NO;) and nitrite (NO;). The main results are given as follows:

1) Among these 20 cross box-plots of candidate metrics between reference site (unimpaired sites) and impaired sites ,
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12 metrics have the higher 1Q (interquartile ranges, 1Q = 2). They are total number of taxa, EPT taxa, Crustacea and
Mollusca taxa,total biomass, dominant taxa individual relative abundance, the first three dominant taxa individual relative
abundance, Ephemeroptera individual relative abundance, number of sensitive taxa, sensitive taxa individual relative
abundance ,biomass percentage of tolerant taxa, and clinger individual relative abundance.

2) Since BI index does not follow the normal distribution, we use Pearson’s correlation coefficient to evaluate the
relationship between the remained 11 metrics. Metrics that are strongly correlated (r > 0. 75) indicate the overlapped
information, and we choose one of them as a surrogate. . Based on the above analysis, the B-IBI of Wenyu River including
total number of taxa, total biomass, relative abundance of the first dominant taxa individuals, number of sensitive taxa and
relative abundance of clinger individuals, are constructed.

3) We use 25% percentile of B-IBI value in reference sites to determine the criteria of health ranking and divide the
distribution range below 25% percentile into 4 quarters. The criterion for the benthic macro-invertebrate in Wenyu river is
B-IBI > 1.821, 1.366—1.821, 0.910—1.366, 0.455—0.910 and 0—0.455, which are corresponding to health, sub-
health, fair condition, poor condition and very poor condition, respectively.

4) We find that 27.3% of the river reaches are in health condition, 9. 1% are in sub-health condition, 13.6% are in
general condition, and 50% are in poor and very poor conditions.

5) The correlation coefficient between B-IBI value and water quality of Wenyu River is —0. 549, which indicates that

the biological index, such as benthic macro-invertebrate, should be taken into account for water environmental assessment.

Key Words: benthic macro-invertebrate ; river ecosystem health; B-IBI index; water quality
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Fig.1 Wenyu River distribution and samples of water and benthic macro-invertebrates
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Table 1 Candidate metrics and their expected direction of response to disturbance

fabnde iy P E7Ei e XF T A BORE
Index of type Serial Number Metrics Responses to Disturbance
HEVE 5 Ml Barons EUN
Community richness M2 EPT 53258505k N
M3 W SEEh YRR VR sl ) 43 2 H TR SN
M4 FRECP A PITTEL TN
M5 By TN
AT LE Bl M6 P II I BTCA AR F2 B2 #
The proportion of M7 i 3 DL TTAMAAR T = R
individual species M8 EM HAMAARRT £ VN
M9 U A PO X 2 N
M10 TGS A PR R £ PN
M11 A AR R DN
MI12 SRR X £ PN
A BE S B is M13 HST S AR AR S A PR AR R = BE N
Jetig il Mi14 USSR JE B TR BB/
Habitat tolerance M15 [IREES O N S E R
and pollution M16 TR A AR AR X 2 TN
M17 i {5 SR ) AL W i A3 L EDN
MI18 USSR A R A %N
NS A M19 BI #8544 £ PN
Habitat quality M20 RGBS PR AR 2 B %N
R2 20 MEVEBEESRENSHER
Table 2 Distribution of 20 metrics in reference sites
CR /B3 SFH{E PRifEZE 25% 3 %K %k 75% 3L
Metrics Average SD 25% ile Median 75% ile
M1 10.00 1.87 8.00 10. 00 11.00
M2 1.75 0.50 1.00 2.00 2.00
M3 1.25 0.96 0.00 1.50 2.00
M4 4.25 1.26 3.00 4.00 6.00
M5 7.31 12.37 0.71 1.32 1.58
M6 0.36 0.18 0.24 0.29 0.33
M7 0.71 0.178 0.53 0.67 0.70
M8 0.07 0.9 0.00 0.04 0.06
M9 0.09 0.10 0.02 0.03 0.06
M10 0.16 0.18 0.00 0.15 0.31
M11 0.48 0.23 0.19 0.52 0.65
Mi2 0.01 0.01 0.00 0.01 0.01
Mi13 0.07 0.01 0.00 0.05 0.09
M14 2.00 2.16 0.00 1.50 2.00
MI15 0.49 0.21 0.28 0.49 0.64
M16 0.09 0.13 0.00 0.04 0.06
M17 0.37 0.33 0.02 0.33 0.40
M18 0.04 0.05 0.00 0.03 0.04
M19 7.11 1.18 5.63 7.15 7.33
M20 0.14 0.17 0.00 0.09 0.11
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3) AHICAE B

BT SPSSIL. 8 GEit i, XEAR T 12 DN SEGHATIES /-GS, 255 o | B M19 Ah( BLEESI A S8 5
KR, HA 11 ABEIIAFFE IS, BOF X 11 DS EIEAT spearman A& 43 H (58 3) |, {4 J5 A4 B 1BI
FEARAR R BB HEECET 2 DAR E—SB MR L e A AR R . AR AR A A DG R B r>0. 75, R
AR BB SN A5 B R S Yy, R — MR PRRITT . ARHEAC RE(K 3) , BB ECRE S PSS
FEARAR R T S 2B AR L] A= WS e 0 RNV B B 4 5 THIE S, B2 8 R AT B-1BI (1Y

BRLAG B S BRoeH B AE Y RIS T AR AR B SIS SR OC R A R BORURS B A 1A
XA 6 BB
R3 1 AMMRIEEYIEHE AT Spearman WX IERE

Table 3 Spearman’s correlation matrix of 11 candidate metrics

EELAN

Metrics M1 M2 M3 M5 M6 M7 M9 M14 M16 M17 M20
M1 1
M2 0.747"" 1
M3 0.642"*  0.814"" 1
M5 0.267 0.112 0.260 1
M6 -0.830"" -0.672"" -0.487 % -0.044 1
M7 -0.893"" -0.663"" —0.504 * 0.043 0.903 " 1
M9 0.741"  0.996"* 0.766"* 0.072 -0.676 " -0.663"" 1
Mi14 0.671"* 0.888"* 0.687"* 0.105 -0.654"" -0.676"" 0.879"" 1
M16 0.671"* 0.888"* 0.687"* 0.105 -0.654"" -0.676"" 0.879"" 1 1
M17 -0.827"" -0.789"" -0.632"" -0.099 0.774** 0.771"" -0.782"" -0.654"" -0.654"" 1
M20 0.696"" 0.650"" 0.486" 0.198 -0.732"" -0.639"" 0.644"" 0.778*" 0.778"" -0.583" 1

o EAREECUUN) 0. 01 I HISEMDR W05+ o EAREE U)o 0. 05 I ASe PR B35 1Y

3.1.3  AWEdRbRiC bR EE T
WA ST B-IBT 8 AR IR R PP AR, EAB & ST T 3 20,4 40 HIRT F (v | & B0 (i oA Y
R VE BOMER B, WO 9 R FH FUAE IR UEA TR PR IR R T3 B TPl | 5 BUE IR I F5 45, L 95% s (i B A
AR, S HR O - (H AR THREUERR L 95% A AU . 6 T sR , Fe 50 s = 4 25, WILL 5% 531 5
FEAEE(FE4)  ZEAE, BB W E N R E Y 0—1, R KT 1, WIARIC A 1, % Tt gs R
KA,
R4 WLEETE 6 MERMTEAR

Table 4 Formulas for calculation of 6 metrics using the ratio method

EHL Metrics B4 Equation
SOFZEEITE M1 M1/11.15

BAYEE M5 M5/15
PG F B TTARAR XS F B M6 (0.988-M6) /(0.988—0.204)
TRURISHE M IS o0 M14 M14/2.45

BI 8% M19 (10.296-M19)/(10.296—4.789)
G BB A A X BE M20 M20/0. 149
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Table 5 The criteria of benthic-index of biotic integrity in Wenyu River

Te AR A B — % W2
Health Sub-health Fair Poor Very poor
>1.82 1.37—1.82 0.91—1.37 0.46—0.91 0—0.46

3.2 Zsitatr

K FH SPSS11. 8 Gt , XAl /K B An AT 3 A2 Ar , A A iz e 1) 32 2235 e R, FLpf 4 108
T TIHESCHR 30 THAAR ., D34, R ERE B-IBI 48 BV AT A R VPN 5 i G 3, DL R AE K RN R
T BT KA SRV F S HE AT K 5 B-IBT $8 800047 T ARG, 15, Ryl e /K 38 b e 40
XFEE R T, % 19 ASFE SR BT E bR itf A T i R e/ IMEARE AL AR B8 B (HAAOK BT AR E -MIN ) / ( MIX -
MIN) X AE s AR AEIET T 20, ARAS T AN R s 25 A K it . SRJ5 , R SPSS11. 8 X & FE s 25 A
KB 5 G (4 B-IBI #5504 TAH D347 .
4 HIRGR
4.1 AR ISR S RS REE

AR SR S P P Fh = 5 A 46 B, ook AR R 36 B (FRICR) 21 Fh) L SEE 4 Bl k2 B H
eS| B BRShY 3 Bl DRI RR v R R I, AT & E A R 32. 8% LS (S 81 KBRS
PR, FEAE PRI S LR

A IBTE N ,60. 9% T 1 M5 25 7E TV =7323. 9% WS4 Jy a1 2688 TVl 3—7 40K
15. 2% ()R A ) M RUERSIARE TV <3 SRR AT S S R A S, 05 e i 5l 7 1, BRURR S BEAR M
A Af . VAR L IR ST A P P A e A R (A YR Rl P JEC AT S A B AT 5 2SR S BB K
AR a2
4.2 AT A A (R

AR T AP A ) 8 B D 25 SR R BT IR VT SR AR AT 27 3% SRR 9. 1% R WEAR R, 13. 6% h— i,
13.6% F7%,36. 4% At 2E (2 6) o R e B AT (75 6 4 it 3] Be b A 7 il HRECIR 00 P4, SR A 4 vnT B Ak 25 (g
FREARBE A 43 AR (B 2) o AT 7K 3R SR A K 2 S A 2 Rl 22 IR O, 28 B 322 It 830 T P A 28956 2 %o 7K B
BRI ZS R ST H 38 A AR H ™ o

F6 IERMARIEESESERRR
Table 6 Statues of health of sites in Wenyu River

=Y e FE S5 IBI $5 %k LA KR fERREAR L
Site number Site category IBI value Synthesized water quality States of health
TR IR ZAR 0.00 3.35 W
GORIELI S 0.00 4.25 W2
A ) TR 2.16 2.30 T
K S 0.99 1.57 —fi
BT K PR TR 1.74 2.70 IR {5
[RERA0E ZA 0.00 2.97 e
PRI SZAR AN 1.27 3.62 —
TSR SZA 1.52 2.66 RIRESE 3
YR 7K 2R B 5 5.43 0.30 fa
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Fig.2 Distribution for Statues of health of sites from Wenyu River
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Table 7 The river health assessment index components of B-IBI of different rivers in China
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