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Tab. 1 Composition and occurring frequency of macro-benthos species

Phylum Class Family Species Occurrence frequency(%)
Oligochaeta Tubificidae Limnodrilus hoffmeisteri 50.6
Annelida Branchiura sowerbyi 18.1
Rhyacodrilus sinicus 25.3
Hirudinea Hirudinidae Hirudo nipponia 10.8
Polychaeta Nereididae Neanthes japonica 12.0
Nephtyidae Nephtys galbra 1.2
Gastropoda Viviparidae Bellamya purificata 34.9
Mollusca B. quadrata 12
B. angularis 12
B. aeruginosa 24
Bithyniidae Parafossarula eximius 12
Pleuroceridae Semisulcospira cancellata 1.2
Bivalvia Corbiculidae Corbicula fluminea 14.5
C. largillierti 12
Mytilidae Limnoperna lacustris(Martens) 9.6
Unionidae Anodonta woodiana 2.4
Isecta Chironomidae Chironomidae Larvae 15.7
Arthropoda Malacostraca Corophiidae Grandidierella sp. 6.0
Corophium sp. 1.2
Anthuridea Anthuroidea sp. 2.4
F 2 HEXEIE 55 G A K B ELE (mg/L)
Tab. 2 Water quality comparison between relatively clean sites and polluted sites
32 42
32 clean sites 42 polluted sites
Indicators
Average Standard deviation Average Standard deviation
pH 7.54 0.10 7.47 0.07
DO 4.74 1.62 3.33 1.44
CODwn 6.23 3.10 6.91 1.79
CODr 17.71 4.73 22.44 6.73
BODs 4.98 1.65 6.59 1.82
NH3-N 2.32 1.53 3.98 2.19
TP 0.27 0.11 0.45 0.17
Petroleum 0.05 0.02 0.11 0.13
TN 4.98 2.22 6.52 2.44
%
, , % %
/ / , 55
42 49 55 , 0,
Hilsenhoff Hilsenhoff Goodnight
, % % %
, % % | v )

% %
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Tab. 3 Selection and calculation of all candidate biotic indices

Response to

Category Number Metrics Range disturbance
M1 Total No. of Taxa 0—9 Decreased
Diversity_ of M2 ( + ) No. of Mollusca & Crustacea Taxa 0—6
community M3 Shannon-Weiner Shannon-Weiner diversity index 0—0.71
M4 Margalef Margalef’s diversity index 0—1.11
M5 Simpson Simpson’s diversity index 0—0.78
M6 Pielou eveaness index 0.02—1
M7 Simplicity index 0.23—1
M8 Sequential Comparison Index 0—0.06
M9 % % Chironomidae 0—0.67 Increased
M10 % % Mollusca 0—0.62
Taxonomic M11 % % Crustacea 0—1
Composition M12 % % Gastropoda 0—1
M13 % % Pelecypoda 0—1
M14 % % Annelid 0—1
M15 / Ratio of Annelid/Crustacea 0—240.67
M16 / Ratio of Crustacea/Annelid 0—31
M17 % % Scrapers 0—1
M18 % % Predators 0—1
Functional M19 % % Collector-gathers 0—1
Feeding .
Group Index M20 % % Collector-filterers 0—1
M21 % % Shredder 0
M22 Hilsenhoff Hilsenhoff Biotic Index 4.3—10
Tolerance & M23 Beck Biotic Index 0—16
Intolerance Index M24 Family-level Biotic Index 6—10
M25 Goodnight Goodnight-Whitley Index 0—1

R4 EMYPREVERTEEROAHESHRBITERIENE)P BEREHF

Tab. 4 Non-parametric test of relatively clean sites and polluted sites based on different sensitive biological metrics

*k K-S K-S test Mann-Whitney U
Metrics No. of effective sites** P * Pvalue* Rank P * Pvalue* Rank
M22 74 0 1 1.96E-13 3
M25 74 0 2 1.42E-13 1
M19 74 0 4 1.04E-10 5
M11 74 0 5 1.9E-10 6
M14 74 0 6 1.96E-10 7
M24 74 0 7 6.01E-13 4
M15 42 1.56E-08 8 4.03E-08 8
M17 74 1.50E-05 9 3.44E-05 10
M12 74 1.50E-05 10 3.44E-05 11
M16 55 1.47 E-04 11 0.000372 13
M2 74 2.15 E-04 12 2.86E-05 9
M20 74 3.99 E-03 13 0.000497 14
M13 74 3.99 E-03 14 0.000497 15
M6 49 6.56 E-03 15 0.000189 12
i ( ) P P

- kK
i

Note: * refers to the Asymptotic Significance (2-sided) as the P-value determining whether there is significant difference between two
groups of data from relatively clean sites and contaminated sites. Lower P value means the less likely the finding would occur by
chance alone. ** refers to the number of sites where each biotic index can be calculated effectively
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Tab. 5 Frequency distribution statistics of 8 sensitive metrics in the clean sites and its scoring criteria

Statistical description Scores
Sensitive metrics 10% 90% 5 3 1 Efficiency (%)
Min 10th percentile Median 90th percentile Max
M22 4.30 4.30 5.12 6.16 6.56 <5.12 5.12—6.16 >6.16 96.8
M25 0.73 0.91 1.00 1.00 1.00 1 0.91—1 <0.91 96.2
M19 0 0 0 0.49 1.00 0 0—0.49 >0.49 92,5
M11 0 0 1.00 1.00 1.00 1 0—1 0.00 75.7
M12 0 0 0.41 1.00 1.00 >0.41 0—0.41 0.00 68.9
M13 0 0 0.00 1.00 1.00 >0.004 0—0.004 0 68.9
M14 0 0 0 0.85 1.00 0 0—0.85 >0.85 87.9
M2 0 0.30 1.00 2.70 6.00 >1 1.0 0 731
3

| Bl
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Polluted

[3]
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Fig. 1 Water quality evaluation based on integrated biological
index of benthic macroinvertebrate
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Fig. 2 Comparison of water physiochemical characteristics using different criteria of integrated biological index of benthic macroinvertebrate

R6 ZEEMIBE 5 L4 E N R AKREIE Jonckheere-Terpstra(J-T) 4618
Tab. 6 Jonckheere-Terpstra test of water physiochemical data among different criteria of integrated biological index

Water quality indicators

Statistical value

DO COD, BODs NH3-N TP TN
J-T Observed J-T Statistic 406 179 168 135 164 150
J-T Std. J-T Statistic 2.99 -2.47 -2.73 -3.52 -2.82 -3.16
P Two-tailed P value 0.003 0.01 0.006 0.0004 0.005 0.001
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DEVELOPMENT OF MULTI-METRIC INDEX BASED ON BENTHIC
MACROINVERTEBRATES TO ASSESS RIVER ECOSYSTEM OF A
TYPICAL PLAIN RIVER NETWORK IN CHINA

CHEN Xiao-Hua®?, KANG Li-Juan', SUN Cong-Jun® and YANG Qing"

(1. Shanghai Academy of Environmental Sciences, Shanghai 200203, China; 2. State Key Laboratory of Estuarine and
Coastal Research, East China Normal University, Shanghai 200062, China)

Abstract: Bioassessment of benthic macroinvertebrate-based multmietrics is a very effective approach to evaluate qual-
ity of river water. Benthic macroinvertebrate assemblages were sampled at 83 sites in Shanghai metropolitan area, a
typical dense river network plain. A total of 20 taxa of the benthic macroinvertebrate were collected, including 50% of
Mollusca, 30% of Arthropoda and 20% of Annelida. Among 74 sites with living samples, 32 relatively clean sites and 42
polluted sites were separated based on Hilsenhoff biotic index discrminatory criteria. A comprehensive evaluation using
28 widely-used metrics was carried out. Furthermore, 8 metrics were selected as the most sensitive ones based on
non-parametric tests (i.e., Mann-Whitney U test and Kolmogorov-Smirnov test). By standard scoring method, eight sen-
sitive metrics were unified and integrated into a multi-metric index on a scale ranging from 8 to 40 for bioassessment at
each site. Biocriteria values for benthic macroinvertebrate were proposed by quartation, i.e., 8—15, very poor; 16—23,
poor; 24—31, fair; and 32—40, good. Water quality of 9 sites with no living sample were marked as very poor. Accord-
ing to the biocriteria, 41 typical sites were divided into 5 groups. The past 5-year historical data of physico-chemical
water quality indicators have significant difference among 5 group sites. Consequently, the discrminatory biocriteria are
suitable for the assessment of the river water quality of the Shanghai City.

Key words: Benthic macroinvertebrates; Multi-metric index; Biocriteria; Bio-assessment; Plain river network



