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Abstract
Macrobenthos are important bioindicators of organic and nutrient pollution. The present study used the
macrobenthos based rapid bioassessment protocol (RBP II) to study the effects of treated textile e�uent
input into a natural stream ecosystem. Three reference sites and three sites with point source inputs from
a textile e�uent treatment plant were selected. The physical and chemical parameters and the
abundance and diversity of macrobenthos at each site were assessed during the rainy and dry seasons
of 2020. Although the water quality parameters at the point source inputs did not exceed the standard
textile e�uent discharge limits, a signi�cant difference in the microbenthic community composition was
observed at the e�uent discharge receiving sites. The dominant macrobenthos in the ecosystem (Baetis
sp., Leptophlebia sp and Tubifex sp.) showed signi�cant correlations with Pb, Cu, Cr and Cd
concentrations of the water and sediments. The Shannon-Weiner diversity index, family biotic index, EPT
Index and EPT/C ratio which are used in rapid bioassessment protocol indicated signi�cantly strong
correlations with the water and sediment quality parameters and re�ected their suitability to be used as a
tool of biological measurements in the textile e�uent receiving aquatic ecosystems.

Introduction
Macrobenthos are invertebrates living within or on the substrate of the aquatic ecosystems. They are
signi�cant components in benthic food web and aids in nutrient cycling (Sarker Md, 2016). Their
metabolic and behavioral activities help to improve the sediment quality. Further, macrobenthos are very
sensitive to changes in sediment or water quality and their responses are re�ected as changes in the
abundance and community structure (Wijeyaratne and Kalaotuwawe, 2017).

Due to their high sensitivity to ecosystem changes, macrobenthos are widely used as biological
indicators in monitoring aquatic ecosystem health (Koperski, 2011). Rapid bioassessment protocol II is a
macrobenthos based biological assessment method of ecosystem health and this concept is introduced
by the USEPA. In this protocol, multiple biological indices that re�ects the abundance and distribution of
macrobenthos are used to predict the sediment and water quality characteristics of stream ecosystems.
The taxa richness, Ephemeroptera, Plecoptera, and Trichoptera (EPT) index, ratio of EPT and Chironomid
abundance (EPT/C), modi�ed Hilsenhoff family biotic index (FBI) and percent contribution of dominant
taxa are the indices that are commonly used in the RBP II protocol. It is recommended to use at least four
of these biotic indices in order to successfully interpret ecosystem health using RBP II (Singh et al., 2019;
Wijeyaratne and Kalaotuwawe, 2017). Macrobenthos based RBP have been widely used in many parts of
the world as they are cost effective screening tools that can be used to assess the cumulative effects and
severity of impairment in the aquatic ecosystems (Bhadrecha et al., 2016; Copatti et al., 2013; Springe et
al., 2006; Uyanik et al., 2005). However, in the Sri Lankan context the use of macrobenthos based RBPs in
ecological studies are very rare. Several published researches have assessed the biodiversity and
community structure of the benthic macroinvertebrates in coastal and freshwater ecosystems
(Dahanayaka and Wijeyaratne, 2010; Madhushankha et al., 2015; Pathiratne and Weerasundara, 2004;
Walpola et al., 2011). But these studies have not incorporated RBP II in the ecosystem health assessment
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studies. However, in a pilot study conducted by Wijeyaratne and Kalaotuwawe (2017), RBP II has been
identi�ed as a as a possible bioassessment protocol to predict water and sediment quality in stream
ecosystems in Sri Lanka (Wijeyaratne and Kalaotuwawe, 2017).

The objective of the present study was to use the RBP II protocol and together with multivariate statistics
to assess the biological health of water and sediments in a stream receiving treated textile waste water
compared to that of the reference sites.

Methodology
Study area and Sampling sites

The study area is a stream located in the Western Province of Sri Lanka (7°7'29.28” N, 79°51'35.29" E)
which receives point source inputs of treated textile waste water e�uents. Six sampling sites were
selected from the study area. The upstream sampling sites (Site A, Site B and Site C) were the reference
sites as there were no point source discharges of textile e�uent treatment plants. The downstream sites
(Site C, Site D and Site E) were receiving point source inputs of textile waste water treatment plants. 

Water and sediment quality parameters

Surface water and shallow sediment samples (0.5 m depth) were collected monthly during 2020.  In each
sampling event, time integrated composite surface water and shallow sediment samples were collected
in ten replicates from each site to represent a particular subsample at 2 hour intervals during the
sampling period from 09:00 h to 14:00 h.

Water pH, temperature, conductivity, total dissolved solids (TDS), dissolved oxygen concentration (DO),
salinity, sediment pH and sediment conductivity were measured in situ using a calibrated digital multi
parameter (YSI Environmental Model-556 MPS). In the laboratory, biochemical oxygen demand 5 days
after incubation (BOD5) and chemical oxygen demand (COD) were analyzed according to the standard
methodologies described by the American Public Health Association (American Public Health Association
(APHA), 1999). Sediment organic matter content was measured in the laboratory using the loss on
ignition method and the percentages of sand, silt, and clay content of the sediments were measured
using the sedimentation jar.

Water samples were acidi�ed and were analyzed for Pb, Cr, Cd and Cu concentrations in the Atomic
Absorption Spectrophotometer (Analytic jena (Model NovAA 400p)) on graphite furnace mode (American
Public Health Association (APHA), 1999). and Freshwater BCR480 (Sigma Aldrich, USA) was used as the
CRM for water analysis.

Concentration of Pb, Cr, Cd and Cu in the sediments were measured from the Atomic Absorption
Spectrophotometer (Analytic jena (Model NovAA 400p)) on graphite furnace mode after acid digestion at
270°C for 3 hours in the Kjeldatherm digestion system using concentrated HNO3 and HClO4 in 1:1 (v/v)

https://www.sigmaaldrich.com/catalog/product/sial/bcr480?lang=en&region=LK
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ratio.  Certi�ed reference materials (CRM) were included in the digestion and analysis process to verify
the accuracy of the methods. Freshwater sediment CRM 016 (Sigma Aldrich, USA) was used as the CRM
for sediment analysis.  Minimum detection limits for the analyzed metals were: Pb - 0.2 mg/L; Cu - 0.7
mg/L; Cr - 1 mg/L and Cd - 0.7 μg/L. Continuing control veri�cation was done after every 10 samples to
check that variability was within 10%.

Sampling and identi�cation of benthic macroinvertebrates

Shallow (0-4 m depth) benthic sediment samples (in ten replicates) were collected from the sampling
locations using the Peterson grab sampler. The collected sediment samples were preserved immediately
in 5% Rose Bengal and Formalin solution. The preserved samples were transported to laboratory. In the
laboratory samples were subjected to wet sieving through 4 mm, 2 mm, 1 mm and 500 µm mesh sieves
to sort macro benthic invertebrates. The organisms retained in each sieve were collected and preserved in
10% formalin and then transferred into ethyl alcohol to prevent dehydration. Collected macro benthic
invertebrates were identi�ed using to the Genus level using relevant keys (De Moor, 2003; Fernando, 1974;
Merritt et al., 2019)and their abundance was recorded. Species richness, the dominant species of each
site and the percentage contribution of each species, Shannon Weiner Diversity Index, Family Biotic Index
(FBI), EPT (Ephemeroptera, Plecoptera, Tricoptera) index and ratio of EPT taxa to Chironomidae were
calculated using the abundance data for each site during rainy and dry seasons.

Statistical analysis

After con�rming for normality using Anderson Darling test, the water quality and sediment quality data
were analyzed using one way ANOVA followed by Tukey’s pairwise comparison to determine the
signi�cance of spatial and temporal variation. The values of diversity indices used in RBP II protocol for
each site, calculated for rainy and dry seasons were also con�rmed for normality using Anderson Darling
test and subjected to one way ANOVA followed by Tukey’s pairwise comparison. Pearson’s correlation
analysis was performed among the abundance of dominant taxa and water and sediment quality
parameters.

Principal Component Analysis (PCA) was applied to determine water and sediment quality parameters
that describe the distribution of macrobenthos. The linear relationship of PC1 score with Shannon-Weiner
diversity index, Family Biotic index, EPT Index and EPT/C ratio were determined using regression
analysis. R statistical software package was used in the statistical analysis.

Results And Discussion
Spatial variation of the mean values of water quality parameters among the study sites during the rainy
and dry seasons are presented in the Table 1. There were no signi�cant temporal variations in the water
quality parameters among study sites. The water quality parameters at the e�uent discharge receival
sites were within the textile e�uent discharge limits stipulated by the Central Environmental Authority
(CEA) of Sri Lanka. However, Signi�cant spatial variations in some water quality parameters were
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observed during the study period. The sites receiving treated textile e�uents (Sites D, E and F) recorded
signi�cantly high amounts of water conductivity, total dissolved solids, chemical oxygen demand and
signi�cantly low dissolved oxygen concentration compared to those in the reference sites in both rainy
and dry seasons (Table 1, ANOVA, Tukey’s pairwise comparison, p < 0.05). The water pH, temperature,
nitrate concentration, phosphate concentration and BOD5 were not signi�cantly different among the
study sites in both rainy and dry seasons (Table 1, ANOVA, p > 0.05). The Pb, Cd, Cr and Cu
concentrations in the water samples collected from the treated textile e�uent receiving study sites did not
show signi�cant variations among the study sites in both rainy and dry seasons. Further, the heavy metal
concentrations in the water samples collected from the reference sites were not detectable within the
instrument detection limits (Table 1).
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Table 1
Spatial variation of shallow water quality parameters in each sampling site during the study period.

  site A site B site C site D site E site F

Rainy Season            

Water pH 6.89 ± 
0.1a

6.42 ± 
0.1a

6.15 ± 0.1
a

6.17 ± 0.1
a

6.00 ± 0.1
a

5.94 ± 0.1
a

Water Conductivity
(µS/cm)

45.2 ± 
3.2a

52.8 ± 5.2
a

49.8 ± 5.4
a

75.7 ± 
1.2b

68.9 ± 
2.3b

70.6 ± 
1.9b

Temperature (0C) 31.0 ± 
0.4a

31.9 ± 
0.2a

32.05 ± 
0.2a

31.42 ± 
0.3a

29.84 ± 
0.2 a

29.82 ± 
0.1 a

Water TDS (mg/L) 32.3 ± 
4.3a

44.5 ± 4.4
a

44.58 ± 
8.1 a

88.7 ± 5.9
b

84.8 ± 7.2
b

79.5 ± 7.9
b

Water DO (mg/L) 7.7 ± 1.7a 6.4 ± 1.6a 6.7 ± 1.3b 4.3 ± 0.41
b

4.5 ± 0.13
b

4.2 ± 
0.08b

Water Nitrate (mg/L) 0.5 ± 
0.09a

0.4 ± 
0.06a

0.4 ± 
0.06a

0.4 ± 
0.06a

0.3 ± 
0.07a

0.4 ± 
0.07a

Water Phosphate
(mg/L)

0.04 ± 
0.006 a

0.09 ± 
0.01a

0.05 ± 
0.007 a

0.05 ± 
0.008 a

0.04 ± 
0.004 a

0.04 ± 
0.008 a

Water BOD5 (mg/L) 1.44 ± 
0.2a

1.30 ± 
0.19a

1.18 ± 
0.14a

1.87 ± 
0.26a

1.77 ± 
0.34a

1.28 ± 
0.19a

Water COD (mg/L) 41.0 ± 5.8
a

52.0 ± 9.8
a

44.8 ± 7.4
a

269.1 ± 
26.5b

326.6 ± 
21.8b

322.1 ± 
21.3b

Water Salinity (0/00) 0.04 ± 
0.001a

0.05 ± 
0.001 a

0.04 ± 
0.001 a

0.04 ± 
0.001 a

0.03 ± 
0.001 a

0.03 ± 
0.001 a

Pb (mg/L) ND ND ND 12.2 ± 0.1 15.9 ± 0.1 14.3 ± 0.1

Cu (mg/L) ND ND ND 15.2 ± 0.5 17.5 ± 0.1 17.5 ± 0.5

Cr (mg/L) ND ND ND 8.3 ± 0.1 9.8 ± 0.3 8.2 ± 0.3

Cd (µg/L) ND ND ND 6.1 ± 0.2 5.2 ± 0.1 6.3 ± 0.1

Dry Season            

Water pH 6.7 ± 0.1a 6.3 ± 0.1 a 6.2 ± 0.1 a 6.2 ± 0.1 a 6.00 ± 0.1
a

6.1 ± 0.1 a

Data are presented as Mean ± Standard Deviation (SD). Results indicated by different superscript letters in each row at each season

are signi�cantly different from each other (n = 10, ANOVA, Tukey’s test, p < 0.05). Sites A, B and C are reference sites and Sites D, E

and F are treated textile e�uent discharge receival sites.
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  site A site B site C site D site E site F

Water Conductivity
(µS/cm)

45.7 ± 
8.3a

46.3 ± 3.1
a

49.60 ± 
3.34 a

78.7 ± 
6.5b

69.9 ± 
8.2b

70.61 ± 
5.2b

Temperature (0C) 31.07 ± 
0.4a

31.98 ± 
0.2a

32.06 ± 
0.2a

31.92 ± 
0.3a

29.44 ± 
0.2b

29.52 ± 
0.1b

Water TDS (mg/L) 23.8 ± 
4.5a

27.4 ± 4.4
a

24.58 ± 
2.81 a

75.73 ± 
1.5b

72.01 ± 
1.1b

72.9 ±
0.9b

Water DO (mg/L) 7.5 ± 0.7a 6.8 ± 0.6a 6.8 ± 0.3 a 4.6 ± 0.41
b

5.5 ± 0.13
b

5.6 ± 0.08
b

Water Nitrate (mg/L) 0.5 ± 
0.09a

0.6 ± 
0.06a

0.7 ± 
0.06a

0.4 ± 
0.06a

0.3 ± 
0.07a

0.4 ± 
0.07a

Water Phosphate
(mg/L)

0.04 ± 
0.006 a

0.09 ± 
0.013a

0.05 ± 
0.007a

0.05 ± 
0.008a

0.05 ± 
0.004 a

0.05 ± 
0.008 a

Water BOD5 (mg/L) 1.54 ± 
0.17a

1.58 ± 
0.19a

1.68 ± 
0.14a

1.88 ± 
0.2a

1.85 ± 
0.3a

1.8 ± 0.2a

Water COD (mg/L) 51.0 ± 
12.8 a

48.0 ± 9.3
a

52.8 ± 8.4
a

267.1 ± 
46.5b

266.2 ± 
31.8b

262.0 ± 
25.3b

Water Salinity (0/00) 0.04 ± 
0.004a

0.04 ± 
0.002 a

0.04 ± 
0.001 a

0.04 ± 
0.001 a

0.03 ± 
0.001 a

0.03 ± 
0.001 a

Pb (mg/L) ND ND ND 15.2 ± 0.1 17.5 ± 0.1 15.9 ± 0.1

Cu (mg/L) ND ND ND 18.6 ± 0.5 18.5 ± 0.1 16.5 ± 0.5

Cr (mg/L) ND ND ND 9.3 ± 0.1 8.8 ± 0.3 9.6 ± 0.3

Cd (µg/L) ND ND ND 8.1 ± 0.2 7.2 ± 0.1 7.3 ± 0.1

Data are presented as Mean ± Standard Deviation (SD). Results indicated by different superscript letters in each row at each season

are signi�cantly different from each other (n = 10, ANOVA, Tukey’s test, p < 0.05). Sites A, B and C are reference sites and Sites D, E

and F are treated textile e�uent discharge receival sites.

Spatial variation of the mean values of sediment quality parameters among the study sites during the
rainy and dry seasons are presented in the Table 2. There were no signi�cant temporal variations in the
sediment quality parameters among study sites. sites. The sites receiving treated textile e�uents (Sites D,
E and F) recorded signi�cantly high sediment conductivity compared to the reference sites in both rainy
and dry seasons (Table 2, ANOVA, Tukey’s pairwise comparison, p < 0.05). Other sediment quality
parameters did not show signi�cant variations among study sites during both seasons. The Pb, Cd, Cr
and Cu concentrations in the sediment samples collected from the reference sites were not detectable
within the instrument detection limits (Table 2). The heavy metal concentration of the water of the
e�uent receiving sites varied as Cu > Pb > Cr > Cd where as in sediments it was Pb > Cu > Cr > Cd (Table 1,
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Table 2). Sediments can function as both sources and sinks of heavy metals as they tend to adsorb and
release heavy metals at different environmental conditions. Further, the heavy metals can be distributed
to the non-polluted areas by sediment transport (Voica et al., 2017). The results of present study indicate
signi�cantly high sediment concentrations of Pb, Cd, Cr and Cu in the treated textile e�uent receiving
study sites compared to the respective water samples during both rainy and dry seasons (Table 1,
Table 2). Therefore, it is possible that long term input of heavy metals to this region of the water body
may have caused accumulation of heavy metals in the sediments overtime in signi�cantly higher
concentrations.



Page 9/25

Table 2
Spatial variation of shallow sediment quality parameters in each sampling site during the study period.

  site A site B site C site D site E site F

Rainy season            

Sediment sand % 50.7 ± 
4.5a

57.0 ± 
1.3a

50.9 ± 
1.9a

52.4 ± 
2.5a

51.1 ± 
3.1a

50.8 ± 
3.1a

Sediment silt % 28.6 ± 
5.0a

24.0 ± 
4.0a

26.4 ± 
2.0a

26.9 ± 
3.9a

24.0 ± 
2.5a

21.7 ± 
3.0a

Sediment clay % 20.7 ± 
2.2a

19.0 ± 
2.4a

22.7 ± 
1.7a

20.7 ± 
4.9a

24.9 ± 
2.2a

27.5 ± 
1.8a

Shallow sediment TOM% 2.32 ± 
0.24a

2.24 ± 
0.11a

2.61 ± 
0.17a

2.32 ± 
0.12a

2.48 ± 
0.27a

2.11 ± 
0.18a

Shallow sediment pH 5.56 ± 
0.30a

5.86 ± 
0.22a

5.85 ± 
0.27a

5.62 ± 
0.27a

5.11 ± 
0.09a

4.71 ±
0.07a

Shallow sediment
conductivity (µS/cm)

35.3 ± 
28.1a

36.36 ± 
4.03a

35.29 ± 
2.12a

557.0 ± 
72.7b

420.6 ± 
64.1b

535.7 ± 
80.6b

Pb (mg/L) ND ND ND 41.5 ± 
0.1

38.3 ± 
0.2

39.3 ± 
0.4

Cu (mg/L) ND ND ND 28.4 ± 
0.3

27.1 ± 
0.1

22.4 ± 
0.5

Cr (mg/L) ND ND ND 16.8 ± 
0.5

21.8 ± 
0.3

18.3 ± 
0.6

Cd (µg/L) ND ND ND 16.2 ± 
0.4

17.6 ± 
0.3

17.3 ± 
0.1

Dry season            

Sediment sand % 48.9 ± 
1.5a

56.2 ± 
2.1a

51.2 ± 
2.1a

50.2 ± 
2.3a

51.6 ± 
2.9a

51.6 ± 
2.7a

Sediment silt % 26.5 ± 
4.2a

24.7 ± 
3.8a

27.8 ± 
3.5a

28.4 ± 
2.4a

26.1 ± 
3.7a

27.5 ± 
3.5a

Sediment clay % 24.6 ± 
1.2a

19.1 ± 
1.4a

21.0 ± 
1.8a

21.4 ± 
2.9a

22.3 ± 
3.2a

20.9 ± 
1.8a

Shallow sediment TOM% 3.32 ± 
0.24a

3.21 ± 
0.11a

2.98 ± 
0.17a

3.28 ± 
0.12a

2.74 ± 
0.27a

2.68 ± 
0.18a

Data are presented as Mean ± Standard Deviation (SD). Results indicated by different superscript letters in each row at each season

are signi�cantly different from each other (n = 10, ANOVA, Tukey’s test, p < 0.05). Sites A, B and C are reference sites and Sites D, E

and F are treated textile e�uent discharge receival sites.
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  site A site B site C site D site E site F

Shallow sediment pH 5.74 ± 
0.25a

5.76 ± 
0.26a

5.85 ± 
0.47a

5.74 ± 
0.14a

5.69 ± 
0.19a

5.12 ±
0.25a

Shallow sediment
conductivity (µS/cm)

39.2 ± 
14.8a

38.54 ± 
7.07a

36.9 ± 
3.56a

625.0 ± 
54.7a

625.6 ± 
62.1a

578.2 ± 
72.6a

Pb (mg/L) ND ND ND 44.8 ± 
0.9

47.5 ± 
0.4

45.2 ± 
0.4

Cu (mg/L) ND ND ND 32.5 ± 
0.1

30.5 ± 
0.8

31.3 ± 
0.4

Cr (mg/L) ND ND ND 17.5 ± 
0.8

21.3 ± 
0.4

20.5 ± 
0.5

Cd (µg/L) ND ND ND 17.4 ± 
0.8

17.1 ± 
0.4

17.5 ± 
0.1

Data are presented as Mean ± Standard Deviation (SD). Results indicated by different superscript letters in each row at each season

are signi�cantly different from each other (n = 10, ANOVA, Tukey’s test, p < 0.05). Sites A, B and C are reference sites and Sites D, E

and F are treated textile e�uent discharge receival sites.

Abundance and diversity of benthic macroinvertebrates.

The mean of number of benthic macroinvertebrates recorded per m2 from the study sites during rainy and
dry seasons are given in Table 3. The mean values for Shannon-Weiner Diversity index (H'), Hilsenhoff
Family Biotic index (FBI), Species richness, EPT index, EPT/C index, dominant species and its percentage
contribution for each sampling site in rainy and dry seasons are given in Table 4. Total of 16 species
belonging to three phyla were recorded during the study.
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Table 3
Spatial variation of abundance of benthic macroinvertebrates (Number(x10) per m2) in each sampling

site during the study period .

  site A site B site C site D site E site F

Rainy Season            

Phylum Arthropoda, Order Diptera

Family Simuliidae

Simulium jennings.

47 ± 5a 48 ± 2 a 52 ± 5 a 68 ± 5 a 45 ± 2 a 50 ± 5 a

Family Tabanidae

Tabanus sp.

17 ± 1 a 26 ± 2 a 32 ± 2 a 16 ± 1 a 28 ± 2 a 22 ± 3 a

Family Ceratopogonidae

Palpomia sp.

28 ± 3 a 22 ± 2 a 21 ± 2 a 28 ± 5 a 24 ± 3 a 25 ± 3 a

Family Chironomidae

Chironomus sp.

16 ± 2 a 21 ± 3 a 22 ± 2 a 87 ± 6 b 98 ± 5 b 120 ± 6 b

Family Culicidae

Culex sp.

4 ± 0 a 8 ± 1a 5 ± 0 a 2 ± 0 a 2 ± 0 a 8 ± 2 a

Family Blepharoceridae

Blepharicera sp

3 ± 1 a 2 ± 0 a 2 ± 0 a 5 ± 0 a 1 ± 0 a 4 ± 0 a

Phylum Arthropoda, Order Tricoptera

Family- Hydropsychidae

Hydroptilla sp.

59 ± 3 a 65 ± 4 a 62 ± 5 a 5 ± 0 b 8 ± 0 b 4 ± 0 b

Family- Helicopsychidae

Helicopsyche sp.

59 ± 2 a 62 ± 3 a 68 ± 5 a 12 ± 2 b 12 ± 2 b 14 ± 2 b

Phylum Arthropoda, Order Ephemeroptera

Family- Baetidae

Baetis sp.

88 ± 5 a 79 ± 6 a 78 ± 5 a 11 ± 1 b 5 ± 1 b 12 ± 2 b

Family- Leptophlebiidae

Leptophlebia sp

74 ± 5 a 78 ± 5 a 89 ± 7 a 13 ± 1 b 12 ± 1 b 10 ± 1 b

Data are presented as Mean ± Standard Deviation (SD). Results indicated by different superscript letters in each row at each season

are signi�cantly different from each other (n = 10, ANOVA, Tukey’s test, p < 0.05). Sites A, B and C are reference sites and Sites D, E

and F are treated textile e�uent discharge receival sites.
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  site A site B site C site D site E site F

Phylum Arthropoda, Order Plecoptera

Family- Perlidae

Neoerla sp.

58 ± 5 a 54 ± 3 a 55 ± 5 a 2 ± 0 b 3 ± 0 b 5 ± 0 b

Phylum Annelida            

Family Tubi�cidae

Tubifex sp.

21 ± 1 a 24 ± 2 a 23 ± 2 a 136 ± 8 b 125 ± 8 b 152 ± 8 b

Phylum Mollusca            

Family Thiaridae

Melonoides tuberculate

1 ± 0 a 5 ± 0 a 6 ± 0 a 140 ± 12 b 126 ± 8 b 110 ± 8 b

Family Thiaridae

Thiara scabra

27 ± 1 a 27 ± 2 a 28 ± 2 a 16 ± 1 b 14 ± 1 b 12 ± 1 b

Family Ampullariidae

Pila globose

74 ± 5 a 75 ± 6 a 78 ± 5 a 25 ± 2 b 24 ± 4 b 25 ± 1 b

Family Bithnidae

Bithynia tentaculata

32 ± 1 a 28 ± 2 a 27 ± 1 a 3 ± 0 b 5 ± 0 b 7 ± 0 b

Dry Season            

Phylum Arthropoda, Order Diptera

Family Simuliidae

Simulium jennings

26 ± 1 a 38 ± 5 a 24 ± 1 a 110 ± 10 b 121 ± 12 b 137 ± 12 b

Family Tabanidae:

Tabanus sp.

10 ± 1 a 12 ± 2 a 10 ± 2 a 16 ± 2 a 8 ± 1 a 5 ± 1 a

Family Ceratopogonidae

Palpomia sp.

18 ± 6 a 16 ± 4 a 21 ± 5 a 18 ± 4 a 41 ± 5 a 45 ± 5 a

Family Chironomidae

Chironomus sp.

17 ± 1 a 19 ± 3 a 14 ± 3 a 92 ± 8 b 155 ± 37 b 94 ± 15 b

Data are presented as Mean ± Standard Deviation (SD). Results indicated by different superscript letters in each row at each season

are signi�cantly different from each other (n = 10, ANOVA, Tukey’s test, p < 0.05). Sites A, B and C are reference sites and Sites D, E

and F are treated textile e�uent discharge receival sites.
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  site A site B site C site D site E site F

Family Culicidae

Culex sp.

6 ± 0 a 7 ± 0 a 2 ± 0 a 3 ± 0 a 17 ± 2 a 6 ± 1 a

Family Blepharoceridae

Blepharicera sp

2 ± 0 a 5 ± 0 a 4 ± 0 a 2 ± 0 a 4 ± 0 a 3 ± 0 a

Phylum Arthropoda, Order Tricoptera

Family- Hydropsychidae

Hydroptilla sp.

75 ± 12 a 68 ± 9 a 80 ± 12 a 3 ± 0 b 7 ± 0 b 6 ± 0 b

Family- Helicopsychidae

Helicopsyche sp.

56 ± 8 a 48 ± 6 a 54 ± 6 a 8 ± 0 b 10 ± 1 b 11 ± 1 b

Phylum Arthropoda, Order Ephemeroptera

Family- Baetidae

Baetis sp.

82 ± 5 a 78 ± 6 a 77 ± 5 a 12 ± 2 b 8 ± 0 b 6 ± 0 b

Family- Leptophlebiidae

Leptophlebia

88 ± 4 a 81 ± 5 a 88 ± 4 a 13 ± 1 b 10 ± 1 b 14 ± 3 b

Phylum Arthropoda, Order Plecoptera

Family- Perlidae

Neoerla sp.

59 ± 12 a 54 ± 8 a 62 ± 4 a 3 ± 0 b 6 ± 0 b 3 ± 0 b

Phylum Annelida            

Family Tubi�cidae

Tubifex sp.

27 ± 2 a 36 ± 4 a 32 ± 4 a 170 ± 12 b 225 ± 14 b 212 ± 12 b

Phylum Mollusca            

Family Thiaridae

Melonoides tuberculate

2 ± 0 a 8 ± 1 a 0 ± 0 a 134 ± 14 b 157 ± 15 b 114 ± 13 b

Family Thiaridae

Thiara scabra

45 ± 9 a 37 ± 4 a 32 ± 4 a 8 ± 1 b 12 ± 3 b 14 ± 3 b

Data are presented as Mean ± Standard Deviation (SD). Results indicated by different superscript letters in each row at each season

are signi�cantly different from each other (n = 10, ANOVA, Tukey’s test, p < 0.05). Sites A, B and C are reference sites and Sites D, E

and F are treated textile e�uent discharge receival sites.



Page 14/25

  site A site B site C site D site E site F

Family Ampullariidae

Pila globosa

72 ± 6 a 59 ± 6 a 68 ± 7 a 24 ± 6 b 22 ± 4 b 20 ± 3 b

Family Bithnidae

Bithynia tentaculata

28 ± 1 a 25 ± 2 a 35 ± 4 a 12 ± 1 b 10 ± 1 b 8 ± 1 b

Data are presented as Mean ± Standard Deviation (SD). Results indicated by different superscript letters in each row at each season

are signi�cantly different from each other (n = 10, ANOVA, Tukey’s test, p < 0.05). Sites A, B and C are reference sites and Sites D, E

and F are treated textile e�uent discharge receival sites.
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Table 4
The mean ± standard deviation values of Shannon-Weiner Diversity index (H`), Hilsenhoff Family Biotic

index (FBI), Taxa richness (TR) and EPT index, EPT / C ratio, dominant species and percentage
contribution of dominant species of benthic macroinvertebrates at each study site during the study

period.

  site A site B site C site D site E site F

Rainy Season            

H’ 2.48 ± 
0.8a

2.53 ± 0.6 a 2.51 ± 0.7 a 2.11 ± 
0.7 a

2.12 ± 
0.7 a

2.14 ± 
0.6 a

FBI 3.24 ± 
0.3 a

3.44 ± 0.3 a 3.45 ± 0.3 a 3.76 ± 
0.4 a

3.71 ± 
0.3 a

3.78 ± 
0.3 a

Species Richness 16 a 16 a 16 a 16 a 16 a 16 a

EPT index 57.1 ± 
0.2 a

54.9 ± 0.3 a 55.70 ± 0.4 a 7.6 ± 
0.4 b

7.5 ± 
0.2 b

7.8 ± 
0.2 b

EPT / C ratio 22.32 ± 
0.5 a

16.57 ± 0.2 b 16.91 ± 0.5 b 49.42 
± 0.3 c

48.82 
± 0.3 c

47.53 
± 0.2 c

Dominant species Baetis
sp.

Leptophlebia
sp

Leptophlebia
sp

Tubifex
sp

Tubifex
sp

Tubifex
sp

% contribution of
dominant species

14.01 ± 
0.5 a

21.26 ± 0.5 b 23.92 ± 0.3 b 24.91 
± 0.4 b

23.68 
± 0.2 b

26.21 
± 0.3 b

Dry Season            

H’ 2.47 ± 
0.2 a

2.55 ± 0.2 a 2.47 ± 0.3 a 2.03 ± 
0.4 a

2.021 
± 0.3 a

2.00 ± 
0.4 a

FBI 3.95 ± 
0.2 a

3.94 ± 0.3 a 4.10 ± 0.2 a 5.48 ± 
0.3 a

5.49 ± 
0.3 a

5.37 ± 
0.2 a

Species Richness 16 a 16 a 15 a 16 a 16 a 16 a

EPT index 57.1 ± 
0.2 a

53.2 ± 0.2 a 55.3 ± 0.4 a 6.2 ± 
0.4 b

5.7 ± 
0.3 b

5.8 ± 
0.3 b

EPT / C ratio 20.23 ± 
0.2 a

15.74 ± 0.3 a 21.51 ± 0.2 a 48. 23 
± 0.3 b

46.32 
± 0.4 b

45.52 
± 0.2 b

Dominant taxon Neoerla
sp

Neoerla sp Hydroptilla
sp.

Tubifex
sp.

Tubifex
sp.

Tubifex
sp.

Data are presented as Mean ± Standard Deviation (SD). Results indicated by different superscript letters in each row at each season

are signi�cantly different from each other (n = 10, ANOVA, Tukey’s test, p < 0.05). Sites A, B and C are reference sites and Sites D, E

and F are treated textile e�uent discharge receival sites.
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  site A site B site C site D site E site F

% contribution of
dominant taxon

13.3 ± 
0.6 a

24.7 ± 1.2 b 26.5 ± 1.8 b 27.3 ± 
0.8 b

27.7 ± 
1.1 b

30.4 ± 
1.4 b

Data are presented as Mean ± Standard Deviation (SD). Results indicated by different superscript letters in each row at each season

are signi�cantly different from each other (n = 10, ANOVA, Tukey’s test, p < 0.05). Sites A, B and C are reference sites and Sites D, E

and F are treated textile e�uent discharge receival sites.

Tubifex sp. was the dominant taxa in all the treated textile e�uent receiving sites during both dry and
rainy seasons. However, in the reference sites, Baetis sp. and Leptophlebia sp showed highest dominance
during both seasons. The percentage contribution of Tubifex sp. was signi�cantly lower in the reference
sites compared to the e�uent receival sites. Pollution by organic matter and heavy metals can in�uence
the abundance of Tubifex sp. (Martins et al., 2008) Therefore, Tubifex sp. is an indicator of organic
pollution in the aquatic ecosystems and some studies have shown that Tubifex sp. is less tolerant to
heavy metal pollution (Kaonga et al., 2010). However, in the present study, Tubifex sp. showed the highest
abundance in treated textile e�uent receival sites, indicating their possibility to use as bio monitor of
inorganic pollution as well.

Shannon Wiener diversity index and the Family Biotic Index did not show signi�cant spatial variations
among study sites in both seasons. The Shannon-Wiener Index and the Family biotic Index are among
the most reliable indices in assessing stream water quality using benthic macroinvertebrates. (Ghosh and
Kumar Biswas, 2015; Wijeyaratne and Kalaotuwawe, 2017). The criteria for water quality classi�cation
using FBI described by Hilsenhoff 1988 identi�es 7 categories of water quality based on the level of
organic pollution: 0 ≤ FBI ≤ 3.50: Excellent; 3.51 ≤ FBI ≤ 4.50: Very good; 4.51 ≤ FBI ≤ 5.50: Good; 5.51 ≤ 
FBI ≤ 6.50: Fair; 6.51 ≤ FBI ≤ 7.50: Fairly poor; 7.51 ≤ FBI ≤ 8.50: Poor; 8.51 ≤ FBI ≤ 10.50: Very poor
(Hilsenhoff, 1982; Wijeyaratne and Kalaotuwawe, 2017). According to the FBI based categorization, the
water quality in the reference site is in the “excellent category” whereas the treated textile e�uent
receiving sites is in the “very good” category (Table 4). However, EPT index and EPT/C index in the
reference sites were signi�cantly high compared to those in the e�uent receiving sites during both
seasons (Table 4). The EPT index based water quality assessment identi�es 5 categories of water quality
(Couceiro et al., 2012; Dahanayaka and Wijeyaratne, 2010; Suhaila and Che Salmah, 2017; Wijeyaratne
and Kalaotuwawe, 2017): 0 ≤ EPT ≤ 6: poor; 6.1 ≤ EPT ≤ 13: Fair; 13.1 ≤ EPT ≤ 20.0: Good-Fair; 20.1 ≤ 
EPT ≤ 27.0: Good; EPT > 27: Excellent. Therefore, according to EPT based classi�cation the water quality
in the e�uent receival sites were categorized as “Fair” whereas the reference sites were categorized as
“Excellent” (Table 4). The percentage of the representatives from family Chironomidae in a sample
indicates whether the stream is oligotrophic or eutrophic. Percentage of representatives from Family
Chironomidae will increase with decreasing water quality. A sample representing more than 50% of
EPT/Chironomidae ratio suggests eutrophic conditions. Some species of Chironomidae are also tolerant
to heavy metals as well. In the present study, the EPT/C ratio in the reference sites were ranged less than
25% (16.5–22.3). However, the EPT/C ratio in the e�uent receiving sites were very close to 50% (47.5–
49.4) indicating near eutrophic conditions (Table 4). The present study identi�es EPT and EPT/C indices
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as very useful tools to directly assesses the cumulative effects on the watershed and to identify the
composite impacts of potential nonpoint and point sources of pollution.

Two principal components displaying a cumulative variance of 86.6% were obtained by applying PCA on
water and sediment quality parameters during rainy and dry seasons. Ordination of the study sites based
on PC1 and PC2 scores of PCA of the water and sediment quality parameters is given in Fig. 1. The
eigenvalues of the �rst two principal components, eigenvectors of the water and sediment quality
variables and the principal component scores for the study sites are given in Table 5. According to the
results of the PCA, the study sites were categorized in to 4 groups. The reference site A during both
seasons and site C during rainy season were categorized together and was characterized by high
dissolved oxygen concentration (Fig. 1, Table 5). The reference site B during both seasons and site C
during dry season were categorized together and was characterized by high water conductivity,
temperature and salinity (Fig. 1, Table 5). The e�uent receiving sites E and F during the dry season and
Site D during both seasons were categorized together and were characterized by high % sand, silt and
clay contents, high sediment conductivity, high sediment pH, high sediment Pb, Cu and Cd contents, high
TDS, phosphate, nitrate contents, high COD, BOD5 and highwater Cu and Cd contents (Fig. 1, Table 5).
Sites E and F during the rainy season were separated from other groups and they were characterized by
high sediment Cr concentration, high water pH, high Pb and Cr concentration in water (Fig. 1, Table 5).
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Table 5
Summary of the PCA of water and sediment

quality parameters of the study sites.

  PC 1 PC 2

Eigenvalue 15.27 2.78

%Variance 71.2 15.4

Cum.%Variance 71.2 86.6

Eigen vectors    

Sediment sand % -0.168 0.358

Sediment silt % 0.245 0.114

Sediment clay % 0.249 0.093

% TOM 0.246 0.134

Sediment pH 0.252 0.032

Sediment conductivity 0.252 0.052

Sediment Pb 0.008 0.198

Sediment Cu 0.239 0.141

Sediment Cr 0.244 -0.07

Sediment Cd 0.24 0.025

Water pH 0.227 -0.033

Water Conductivity -0.177 0.084

Water temperature -0.111 0.238

Water TDS 0.14 0.396

Water DO -0.251 -0.018

Water Nitrate 0.191 0.209

Water Phosphate 0.25 0.076

Water BOD5 0.246 0.13

Water COD 0.249 0.016

Water Salinity -0.244 0.117

Water Pb 0.077 -0.173

Water Cu 0.047 0.354
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  PC 1 PC 2

Water Cr 0.112 -0.457

Water Cd 0.064 0.288

The results of the linear regression analysis between benthic macro invertebrate based Shannon Weiner
Diversity index, Family Biotic Index, EPT, EPT/C and PC score1 of sediment and water quality
characteristics are given in Fig. 2. Considering, that the coe�cients of determination (R2) being greater
than 60% indicating a strong relationship between the variables, the results showed signi�cantly strong
correlations of PC score 1 with Shannon Weiner Diversity index, Family biotic index EPT index and EPT/C
ratio at 95% level of signi�cance (p < 0.05, Fig. 2).

The correlation between the dominant taxa and water and sediment quality parameters are given in
Table 6. Baetis sp and Leptophlebia sp showed signi�cant negative correlations with water and sediment
Pb, Cr, Cu, Cd concentrations, sediment and water conductivity, total dissolved solids, and biochemical
oxygen demand. These species showed signi�cant positive correlation with the dissolved oxygen
concentration and nitrate concentration of water. Further, Tubifex species showed signi�cant positive
correlations with water and sediment Pb, Cr, Cu, Cd concentrations, sediment and water conductivity, total
dissolved solids, and biochemical oxygen demand and signi�cant negative correlation with the dissolved
oxygen concentration and nitrate concentration of water (Pearson’s correlation, P < 0.05, Table 6).
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Table 6
– Pearson’s correlation coe�cients (r) between the abundance of

dominant species and water and sediment quality parameters of the
study sites during the study period.

  Baetis sp. Leptophlebia sp. Tubifex sp.

Sediment sand % 0.125 0.196 -0.231

Sediment silt % 0.237 0.171 -0.368

Sediment clay % -0.314 -0.327 0.523

% TOM 0.346 0.406 -0.393

Sediment pH 0.595 0.582 -0.777*

Sediment conductivity -0.95* -0.911* 0.862*

SedimentPb -0.962* -0.926* 0.895*

SedimentCu -0.95* -0.921* 0.879*

SedimentCr -0.963* -0.926* 0.933*

Sediment Cd -0.967* -0.931* 0.942*

Water pH 0.748 0.602 -0.69

Water Conductivity -0.953* -0.916* 0.883*

Water temperature 0.624* 0.639* -0.669*

Water TDS -0.974* -0.968* 0.943*

Water DO 0.921* 0.851* -0.93*

Water Nitrate 0.757* 0.864* -0.665*

Water Phosphate 0.271 0.342 -0.411

Water BOD5 -0.469 -0.395 0.414

Water COD -0.959* -0.914* 0.976*

Water Salinity 0.645 0.588 -0.702

Water Pb -0.965* -0.929* 0.926*

Water Cu -0.954* -0.918* 0.884*

Water Cr -0.947* -0.914* 0.927*

Water Cd -0.947* -0.911* 0.862*

* signi�cant at 95% level of signi�cance (Pearson’s correlation test, p< 0.05).
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The results of the present study agrees with Gower et al 1994 and Cadmus et al 2016, which identi�ed Cu
as a major stressor to the Baetis and Leptophlebia communities in the natural ecosystems (Cadmus et
al., 2016; Gower et al., 1994). Moreover, some studies have also indicated that Tubifex sp can tolerate
high concentrations cu contaminated e�uent input in the natural ecosystems (Raj et al., 2005). Further, in
addition to Cu, the results of the present study indicate that sediment and water Pb, Cr and Cd have an
ecological signi�cance in determining the community structure of the benthic macroinvertebrates.

Conclusion
The biotic indices used in RBP II have a strong relationship with water and sediment quality
characteristics of the study sites (R2 > 60%) con�rming that these biotic indices can be successfully used
to monitor pollution associated changes in the textile e�uent receiving water bodies. Further, the results
of the present study con�rms that the treated textile e�uent receiving portion of the stream is dominated
by the pollution tolerant taxa, whereas the reference areas are dominated by pollution sensitive taxa of
benthic macroinvertebrates. In addition, correlation of the abundance of Tubifex sp recorded in the
present study to the water and sediment heavy metal concentrations re�ects the possibility of using
Tubifex sp as an indicator of heavy metal contamination in the aquatic ecosystems.

Declarations
Funding: This study was not funded by a research grant. But the transport and laboratory facilities were
provided by the Department of Zoology and Environmental Management, University of Kelaniya, Sri
Lanka.

Con�icts of interest/Competing interests: The authors declare that they have no con�icts of interest
/competing interests (include appropriate disclosures)

Availability of data and material: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Code availability: Not applicable

Authors' contributions:

W.M. D.N. Wijeyaratne: Designed the experiment, analyzed the data and wrote the manuscript. U.P.
Liyanage: Assisted in experimental design, collected and analyzed the samples and assisted in writing
the manuscript.

The authors read and approved the �nal manuscript.

References



Page 22/25

1. American Public Health Association (APHA) (1999) Standard Methods for the Examination of Water
& Wastewater 21st Edition [WWW Document]. Am. Public Heal. Assoc. Am. Water Work. A ssociation,
Water Environ, Fed

2. Bhadrecha MH, Khatri N, Tyagi S (2016) Rapid integrated water quality evaluation of Mahisagar river
using benthic macroinvertebrates. Environ Monit Assess 188:256. https://doi.org/10.1007/s10661-
016-5256-9

3. Cadmus P, Clements WH, Williamson JL, Ranville JF, Meyer JS, Gutiérrez Ginés MJ (2016) The Use of
Field and Mesocosm Experiments to Quantify Effects of Physical and Chemical Stressors in Mining-
Contaminated Streams. Environ Sci Technol 50:7825–7833.
https://doi.org/10.1021/acs.est.6b01911

4. Copatti CE, Ross M, Copatti BR, Seibel LF (2013) Bioassessment using benthic macroinvertebrates of
the water quality in the Tigreiro river, Jacuí Basin. Acta Sci - Biol Sci 35:521–529.
https://doi.org/10.4025/actascibiolsci.v35i4.18934

5. Couceiro SRM, Hamada N, Forsberg BR, Pimentel TP, Luz SLB (2012) A macroinvertebrate
multimetric index to evaluate the biological condition of streams in the Central Amazon region of
Brazil. Ecol Indic 18:118–125. https://doi.org/10.1016/j.ecolind.2011.11.001

�. Dahanayaka D, Wijeyaratne M (2010) Diversity of macrobenthic community in the Negombo estuary,
Sri Lanka with special reference to environmental conditions. Sri Lanka J Aquat Sci 11:43–61.
https://doi.org/10.4038/sljas.v11i0.2222

7. De Moor F (2003) Sri Lanka Freshwater Fauna and Fisheries. A Guide to the Freshwater Fauna of Sri
Lanka and a Genesis of the Fisheries. African J Aquat Sci 28:83.
https://doi.org/10.2989/16085914.2003.9626603

�. Fernando CH (1974), 1974. Guide to freshwater fauna of Ceylon (Sri Lanka) supplement 4. Bull. Fish.
Res. Stn., Sri Lanka 25, 27–81

9. Flannagan JF (1979) An Introduction to the Aquatic Insects of North America. J Fish Res Board
Canada. https://doi.org/10.1139/f79-037

10. Ghosh D, Kumar Biswas J (2015) Macroinvertebrate diversity indices: A quantitative bioassessment
of ecological health status of an oxbow lake in Eastern India. J Adv Environ Heal Res 3:78–90

11. Gower AM, Myers G, Kent M, Foulkers ME (1994) Relationships between macroinvertebrate
communities and environmental variables in metal-contaminated streams in south‐west England.
Freshw Biol 32:199–221. https://doi.org/10.1111/j.1365-2427.1994.tb00877.x

12. Hilsenhoff WL (1982) Using a biotic index to evaluate water quality in streams. Wisconsin, Madison,
Dep. Nat. Resour. Tech. Bull. no 132 31 p

13. Kaonga CC, Kumwenda J, Mapoma HT (2010) Accumulation of lead, cadmium, manganese, copper
and zinc by sludge worms; Tubifex tubifex in sewage sludge. Int J Environ Sci Technol 7:119–126.
https://doi.org/10.1007/BF03326123

14. Koperski P (2011) Diversity of freshwater macrobenthos and its use in biological assessment: A
critical review of current applications. Environ Rev. https://doi.org/10.1139/A10-023



Page 23/25

15. Madhushankha HMTC, Asanthi HB, Maithreepala RA (2015) The benthic macro-invertebrate diversity
in relation to water quality of a stream habitat at Dediyagala, Sri Lanka. Sri Lanka J Aquat Sci
19:15–29. https://doi.org/10.4038/sljas.v19i0.7448

1�. Martins R, Stephan N, Alves R (2008) Tubi�cidae (Annelida: Oligochaeta) as an indicator of water
quality in an urban stream in southeast Brazil. Acta Limnol Bras 20:221–226

17. Merritt RW, Cummins KW, Berg MB (2019) An Introduction to the Aquatic Insects of North America,
Kendall Hunt Pub Co

1�. Pathiratne A, Weerasundara A (2004) Bioassessment of selected inland water bodies in Sri Lanka
using benthic oligochaetes with consideration of temporal variations. Int Rev Hydrobiol 89:305–316.
https://doi.org/10.1002/iroh.200310676

19. Raj A, Chandra R, Patel DK (2005) Physico-chemical characterisation of pulp and paper mill e�uent
and toxicity assessment by a tubi�cid worm, Tubifex tubifex. Toxicol Int 12:109

20. Sarker Md J (2016) Macrobenthic Community Structure - An Approach to Assess Coastal Water
Pollution in Bangladesh. Fish Aquac J 7:100157. https://doi.org/10.4172/2150-3508.1000157 (10
pages).

21. Singh V, Sharma MP, Sharma S, Mishra S (2019) Bio-assessment of River Ujh using benthic macro-
invertebrates as bioindicators, India. Int J River Basin Manag 17:79–87.
https://doi.org/10.1080/15715124.2017.1394318

22. Springe G, Sandin L, Briede A, Skuja A (2006) Biological quality metrics: Their variability and
appropriate scale for assessing streams. Hydrobiologia 566:153–172.
https://doi.org/10.1007/s10750-006-0099-y

23. Suhaila AH, Che Salmah MR (2017) Application of aquatic insects (Ephemeroptera, plecoptera and
trichoptera) in water quality assessment of Malaysian headwater. Trop Life Sci Res 28:143–162.
https://doi.org/10.21315/tlsr2017.28.2.11

24. Uyanik S, Yilmaz G, Yesilnacar MI, Aslan M, Demir O (2005) Rapid assessment of river water quality
in Turkey using benthic macroinvertebrates. Fresenius Environ Bull 14:268–272

25. Voica C, Iordache AM, Ionete RE, Stefanescu I, 2017. Aspects on the Accumulation of Trace Metals in
Various Environmental Matrices (Water, Soil, Plant and Sediments): Case Study on Catchment Area
of the Somes River, Romania, in: Water Quality. InTech, p. Available from:
https://www.intechopen.com/books/w. https://doi.org/10.5772/65700

2�. Walpola H, Leichtfried M, Amarasinghe M, Füreder L (2011) Leaf Litter Decomposition of Three
Riparian Tree Species and Associated Macroinvertebrates of Eswathu Oya, a Low Order Tropical
Stream in Sri Lanka. Int Rev Hydrobiol 96:90–104. https://doi.org/10.1002/iroh.201011248

27. Wijeyaratne WMDN, Kalaotuwawe KMBPP (2017) Evaluation of the water and sediment quality of a
lotic water-body in the western coastal region of Sri Lanka using Rapid Bioassessment Protocol II
(RBP II) of benthic macroinvertebrates. Sri Lanka J Aquat Sci 22:85–97.
https://doi.org/10.4038/sljas.v22i2.7533



Page 24/25

Figures

Figure 1

Ordination of the study sites based on PC1 and PC2 scores of PCA of the water and sediment quality
parameters.
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Figure 2

Linear regression of biotic indices used in Rapid Bioassessment Protocol II against the PC1 score for
water and sediment quality parameters. (a) Shannon Wiener diversity index ; (b) Family Biotic Index; (c)
EPT Index; (d) EPT/C ratio.


