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A preliminary study on the assessment of stream ecosystem health in south of

Anhui Province using Benthic-Index of Biotic Integrity

WANG Bei-Xin, YANG Lian—Fang, HU Ben-Jin, SHAN Lin-Na (Department of Entomology, Nanjing Agricultural
Universitys Nanjing 210095,China). Acta Ecologica Sinica,2005,25(6) :1481~1490.

Abstract : Stream macro-invertebrate assemblages were collected from 33 stream sites in the south of Anhui Province China,
among them 11 were unimpaired or minimally impaired sites and 22 were impaired sites. Twenty-one candidate metrics: Total
number of taxa, EPT taxa, Intolerant taxa, Aquatic insects taxa, (Crustacea-+Mollusca) taxa, Chironomidae taxa, Shannon-
Wiener index, Dominant taxon% , Three dominant taxa% , Trichoptera% , Ephemeroptera% , Diptera’ , Chironomidae %},
Tolerant taxa % , Intolerant taxa % , (Crustacea—+Mollusca) % , Legless organism % , Gatherers % , Filterers % , Clingers % and
Biotic Index were calculated and analyzed for the establishment of Benthic Integrated Biotic Index (B-IBI). Results were
showed as follows:

(1) Eleven metrics had the highest discriminatory power (interquartile range,/Q=>2) between impaired and unimpaired
sites, which were Total number of taxa, EPT taxa, Intolerant taxa, Aquatic insects taxa, Shannon-Wiener index, Dominant
taxon % , Three dominant taxa% , Intolerant taxa % , Clingers % , Filterers % and Biotic index.

(2) Pearson’s correlation analysis was performed on all data from 33 sites for the above ten metrics except for Filterers %
to evaluate the extent of redundancy in information. Metrics that were strongly correlated (|7]>>0.75) measure the same
thing, and should not be used together to determine impairment. The Shannon-Wiener index was rejected because strongly

correlated with Total number of taxa, EPT taxa., Aquatic insects taxa, Dominant taxon% and Three dominant taxa% (>
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0. 8) ,Strong correlations were also existed between Total number of taxa, EPT taxa, Aquatic insects taxa and Intolerant taxa
each other (#2=0.85), and of which Total number of taxa was selected for its reflecting more information than others in
richness measure. Dominant taxon % was also strongly correlated with Three dominant taxa % (+=0.79), and Three dominant
taxa % was selected for its higher correlation (#=0.92) with Shannon-Wiener index than Dominant taxon% (r=0.86). EPT
taxa richness is a sensitive and useful metric in water quality bio-assessment, although it’s strongly correlated with the Total
number of taxa and was retained. Based on the above analysis, the benthic index of biotic integrity (B-IBI) was composed by
six metrics: Total number of taxa, EPT taxa, Three dominant taxa, Clingers % , Intolerant taxa% and Biotic index(BD).

(3) Three scoring method, four scoring method, and ratio scoring method were used to get metrics into a uniform score
and combined the B-IBI into an aggregated index. Discriminatory power analysis showed all of the above scoring method had
highest discriminatory power (IQ=3). The correlation between three scoring method and four scoring method was 0. 90, and
0. 93 between three scoring method and ratio scoring method, and 0. 92 between ratio scoring method and four scoring method.

(4) Two methods was used to set the criteria of B-IBI in health assessment, one is using all data, and the other is only
using reference data. Results showed that the accuracy of the criteria for B-IBI derived from all data was better than that from
reference data. The accuracy of B-IBI in discriminating impaired and unimpaired sites was 83. 3%. B-IBI criteria was: B-IBI>
3. 69, health; 2. 7~3.69, sub-health; 1.8~2.69, good-fair; 0.9~1.79, fair; <<0.9, poor.

(5) The Pearson’s correlation analysis between B-IBI and chemical-physical variables showed that B-IBI corresponded
strongly with conductivity (r=—0.62, p< 0.01), and habitat quality (+=0.65, p<<0.01).

Key words :B-IBI; health assessment; benthic macroinvertebrates; stream
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Table 1 Candidate metrics for B-IBI and their expected direction of response to disturbance
Metrics * Metrics * Metrics *
M1 Decrease M8 Increase M15 Decrease
M2 Decrease M9 Increase M16 Decrease
M3 Decrease M10 Decrease M17 Increase
M4 Increase MI11 Decrease M18 Decrease
M5 Decrease M12 Decrease M19 Decrease
M6 Decrease M13 Increase M20 Decrease
M7 Decrease M14 Increase M21 Increase
M1 Shannon-Wiener index; M2 % Chironomidae % ; M3 No. of total taxa; M4 % Dominant

taxon%; M5 ( +

taxa; M7 EPT EPT taxa; M8

No. of aquatic insect taxa; M11

%Clingers % ; M15
No. of intolerant taxa; M19

% response to disturbance

1. 2.6
?4

)% (Crustacea+ Mollusca) % ; M6  (

% Legless organism% ; M16

+ ) No. of Crustacea+ Mollusca
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Table 2 Distribution of 21 metric values from 11 reference sites
* 25% 5%
Metrics Average SD Min. Max. 25 Y%ile Median 75 %ile
M1 4.12 0. 39 3.22 4.63 3.93 4. 20 4. 37
M2 0.05 0.03 0.02 0.12 0.03 0. 05 0.06
M3 33 5.79 25 44 29 32 37
M4 0.2 0.08 0.12 0.42 0.15 0.18 0.22
M5 0. 05 0. 05 0 0.13 0 0.03 0.12
M6 1. 92 1.56 0 5 1 1.5 3
M7 14 1. 95 12 18 12 13 15
M3 3.83 1.4 2 6 3 3.5 5
M9 0.42 0.08 0.3 0.61 0. 36 0.41 0.45
M10 31 4. 86 24 41 27 29 32
MI11 0.16 0.1 0. 06 0.4 0.08 0.12 0.21
M12 0.18 0.21 0. 04 0.4 0.07 0.18 0. 26
M13 0.33 0.14 0.13 0.71 0. 24 0. 30 0. 38
M14 0.51 0.15 0.28 0.79 0. 40 0.51 0. 64
M15 0. 26 0.14 0.08 0.56 0.19 0.21 0.34
M16 0. 37 0.15 0. 05 0. 57 0.29 0. 37 0.52
M17 0.14 0.12 0 0.42 0.05 0.11 0.21
M18 7 1.57 5 10 6 7 9
M19 0.28 0.1 0.18 0.49 0.19 0. 26 0. 34
M20 0.03 0.03 0 0.08 0 0.03 0.06
M21 2.83 0.18 2.54 3.15 2.71 2.76 2.97
* M1~M21 1.M1~M21 see table 1
2.2
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Table 3 Pearson’s correlation matrix of 10 candidate metrics
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
M1~ 1
M3 0. 87 1
M7 0.73 0. 82 1
M10 0. 85 0.98 0. 85 1
M18 0.74 0.76 0. 77 0.78 1
M4 0. 86 —0. 66 —0.53 —0. 66 —0.61 1
M9 0.92 0.74 —0. 64 —0.72 —0.71 0.79 1
M19 0.51 0. 37 0.42 0. 45 0. 69 —0.53 —0.51 1
M14 0. 40 0.46 0.56 0.51 0.45 —0.35 —0.31 0. 30 1
M21 —0.52 —0.52 —0.61 —0.58 —0.61 0.51 0.39 —0.57 —0.55 1
* M1~M21 1, M1~M21 see table 1
4 6
Table 4 Descriptive statistics and scores for 6 metrics using 3 scoring method
. Statistics Score
Metrics - - -
25 %ile 50 %ile 75 %ile 6 3 0
No. of total taxa 29 31 37 >29 15~29 <15
EPT EPT taxa 13 15 17 >13 7~13 <7
3 3 dominant taxa( %) 0. 34 0. 39 0. 45 <0. 45 0.45~0.72 >0.72
Clingers (%) 0. 40 0.51 0. 64 =>0. 40 0.20~0.40 <0. 20
Intolerant taxa( %) 0.21 0.31 0. 40 =>0.2 0.10~0. 20 <0.10
BI 2.73 2. 81 3.02 <3.02 3.03~6.48 >6.48
56
Table 5 Descriptive statistics of 6 metrics within all sites using 4 scoring method
. Statistics Score
Metrics - -
5%ile 95 %ile 6 4 2 0
No. of total taxa 10 37 =>32 23~32 11~22 <11
EPT EPT taxa 4 17 >13 10~13 5~9 <5
3 3 dominant taxa (%) 0. 29 0. 45 <C0. 47 0.48~0. 64 0. 65~0. 82 =>0. 82
Clingers (%) 0.07 0. 64 =>0.57 0.39~0.57 0.2~0.38 <0.2
Intolerant taxa( %) 0 0. 40 >0.3 0.21~0.3 0.1~0.2 < 0.1
BI 2.56 3.02 <4. 4 4.5~6.3 6.4~8.1 >8.1
6 6
Table 6 Formulas for calculation of 6 metrics scores using the ratio method
Metrics Equations for scores
No. of total taxa /42 No. of total taxa/42
EPT EPT taxa EPT /17 EPT taxa/17
3 3 dominant taxa( %) 0.94- 3 (%)/(0.94~0.29)
Clingers (%) (%)/0.76 Clingers(%)/0.76
(%) Intolerant taxa( %) (%)/0.43 Intolerant taxa(%)/0.43
BI (6.21-BD) /(6. 21~2.56)
* 1, 1 Calculated scores greater than 1 were truncated to 1
2.5
3 ( 3),3 aQ=3,
»3 (R? 0.90,0.91 0.93), C 4,
B-1BI s B-1BI 25% B-1BI 95%
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Table 7 Distribution of B-IBI values of reference and all sites respectively and criteria of health of 3 scoring metrics methods

3 4
Liem Three scoring method Four scoring method Ratio scoring method
R A R A R A
5% 24 3 24 7.4 3.35 0.78
25% 27.25 18 28.5 18.5 3. 68 2.43
95% 36 33. 45 34 32.3 4.57 4.50
* =>27 =>26 =>28 =>26 =>3.67 >3.59
R. Reference sites, A.: All sites, ¥ Criteria of health assessment for B-IBI
8 B-1BI (&ZP)
Table 8 Accuracy of B-IBI criteria of health(%) of 3 scoring metrics methods
3 3 scoring method 4 4 scoring method Ratio scoring method
Item R A R A R A
R 75 91.7 75 83.3 75 83.3
1 95. 8 5% 95.8 79.2 87.5 83.3

R Reference sites; A All sites; I Impaired sites
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9 21 Table 9 Criteria of health assessment of B-IBI for stream
b ( 10) 9
Health Sub-health Good-fair Fair Poor
14 s 12,2 o - -
>3.59 2.7~3.59 1.8~2.69 0.9~1.79 <0.9
7 53 53 1 C ) o
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s ( ) s
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Table 10 Statues of health of sites in Qimen county

Sites Score State of health Sites Score State of health
R 4.49 Health 1 3.63 Sub-health
R 4.31 Health 1 3.00 Health
R 3.47 Sub-health I 3.26 Health
R 3. 80 Health 1 3.73 Health
R 4. 20 Health 1 3.61 Health
3.93 Health 1 3.78 Health
R 3.97 Health 1 1. 45 Good-fair
R 4.09 Health 1 3.84 Health
R 3. 64 Health 1 2.82 Sub-health
R 3.91 Health 1 3. 20 Sub-health
1 2.72 Sub-health
R Reference sites;] Impaired sites
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