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Choice of Macroinvertebrate Metrics for Constructing a Benthic-dndex of Biotic

Integrity Based on the Disturbance Gradients in the Qinjiang River Basin
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Abstract: The selection of proper macroinvertebrate metrics was a key step in the successful construction of benthic-index of biotic
integrity ( BABI) . In the context of lack of sufficient reference sites the responses of biotic metrics to the stress gradients have been
proved crucially important in metrics selection. We explored this using a data set ( twenty-two sampling sites)  where water
environmental parameters habitat quality index ( HQI) and zoobenthos were measured and sampled using standardized methodology in
the winter dry season ( January 2010) within the Qinjiang Rvier basin Guangxi. Water quality stress gradients were synthesized using
principle component analysis. Twelve out of the 38 candidate metrics were excluded because of high codinearity ( Irl >0.80 P <
0.05) with others. Multiple regression analysis of the rest twenty-six metrics environmental gradients ( PC | and PC ) and habitat
quality index showed that thirteen metrics significantly correlated ( P <0.05) with the environmental stressors ( PCs and HQI) . Eight
of these metrics family richness Ephemeroptera richness Coleoptera richness; Ephemeroptera Plecoptera and Trichoptera ( EPT)
abundance proportion of dominant species; proportion of predators; Shannon-Weaver diversity index for genus; and Biotic index
( BI) satisfied the selection criteria (e. g.  operational simplicity) and were thus candidates for developing a multimetric system to
assess river health in our study region. We suggest that the response of metrics to environmental gradient is an ideal alternative for the
construction of benthic-index of biotic integrity in the context of insufficient reference sites.
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Fig. 1 Location map of sampling sites in the Qinjiang River Basin
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Fig. 2 Flow diagram of data analyses
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Table 2 Candidate macroinvertebrate metrics and their expected response to disturbance

M1 Mi4 M27

M2 M15 M28

M3 M16 M29

M4 M17 M30

M5 M18 M31

M6 MI19 M32

M7 M20 M33

M8 M21 M34

M9 M22 M35

MI10 M23 M36

Ml M24 M37

Mi2 M25 M38

Mi13 M26
1) M1 ~M8 TM1 Richness-Order. M2 Richness+amily. M3 Richness-Genus. M4 EPT RichnessEPT.
M5 Richness¥. M6 Richness-T+ M7 Richness-C. M8 Richness-D;
M9 ~ M23 : M9 Total abundance. M10 EPT Abundance-£PT. M11 Abundance-£. M12 Abundance—
T, M13 Abundance-C. M14 Abundance-D. M15 Abundance-Chi. M16 Abundance-Dominant. M17
EPT EPT% . M18 E% . M19 T% « M20 C% « M21 D% . M22 ( EPT/ )

( EPT/Chi) %  M23 Dominant% ;
M24 ~ M28 : M24 Predators% . M25 Shredders%  M26 Gatherers% « M27
Filterers%  M28 Scrapers% ;
M29 ~ M37 t M29 Pielou’s evenness-Order. M30 Pielou’s evennessFamily. M31 Pielou’s evenness—
Genus. M32 Shannon diversity-Order. M33 Shannon diversityFamily. M34
Shannon diversity-Genus. M35 Simpson diversity-Order. M36 Simpson diversityFamily. M37
Simpson diversity-Genus;
M38 BI
2.2 38. 6% (3 PC |
Spearman N : N
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El ~ E9; 24.5% .
N ; pH-
63. 1% 2.3

(PCT) . . 26



141

EPT
EPT

13

BI

)

Table 3 Results of principal component analysis of environmental

variable data from 22 sampling sites ( correlation coefficients

of principal component 1 and 2 and the variables)

I I

s 5 : El 0.383 0.244
PCI1 E2 -0.389 -0.343

E3 0.390 0.333

32 E4 0.029 0.386

Fig. 3 Principal component analysis ( PCA) ordination plot for E5 ~0.182 ~0.375
all the 22 sampling sites based on the environmental factors E6 0.325 -0.455
E7 -0.250 -0.088

E8 -0.407 0.359

4) 26 13 E9 -0.427 0.280

22 ( ) R
Table 4~ Multiple linear regression results for the selected macroinvertebrate metrics and the
environmental stressors ( PCA components 1 and 2 and HQI) for data of 22 sampling sites
R P I

M1 0.171 0.325 0.024 -0.148 -4.998
M2 0.536 0. 003 0.303 0. 143 13. 104
M5 0.579 0. 001 0.410 0.252 4.390
M7 0.379 0. 032 0.136 0. 050 4.132
M9 0. 121 0.497 -1916.73 1136.215 4199. 681
M10 EPT 0. 441 0.013 48. 547 2.574 1454. 670
M11 0.420 0.018 31.916 6. 602 626.776
M12 0.379 0. 032 16. 631 -4.028 827. 896
M13 0.345 0. 050 9. 060 0. 79 766. 583
Mi4 0.123 0. 487 166. 068 222. 663 4. 164

M15 0.112 0.534 167. 405 219. 457 2.43
M17 EPT 0.475 0. 008 0.031 0. 026 0. 004
M18 0.316 0. 071 0.026 0. 029 0. 002
M20 0.443 0.013 0. 001 0. 002 -0.002
M21 0. 142 0.419 0.043 0. 062 -0.003
M23 0.355 0. 044 -0.017 0.016 -0.003
M24 0.613 0. 001 0. 002 0. 022 0. 003
M25 0.019 0.951 0.001 0. 001 0. 002
M26 0. 067 0.732 0.011 0.024 -0.002
M27 0. 059 0.773 0. 003 -0.022 0. 001
M30 0.013 0. 969 -0.012 -0.013 0. 001
M31 0. 029 0. 909 -0.011 -0.007 0. 002
M33 0.326 0. 064 0.052 -0.031 0. 009
M34 0.535 0. 003 0.074 -0.024 0.012
M36 0. 152 0.384 -0.003 0.013 -0.003
M38 BI 0.436 0.014 -0.310 -0.428 -0.023
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