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ABSTRACT
Impact of pollution on aquatic biota is usually assessed by comparing the assemblage at an impacted site with those at 
a control or reference site. In South Africa, except in rivers where not all biotopes are represented, the characterisation 
of a macroinvertebrate-based pollution effect is usually based on samples collected from three distinct biotopes, i.e., 
stones, vegetation and sediments. In this study, the influence of reducing the numbers of biotopes on chironomid-based 
bioassessment of pollution in the Swartkops River was investigated. This paper addresses the following questions: (i) can 
the chironomid species assemblage from any single distinct biotope analysed separately provide sufficiently accurate results 
similar to those of the composite-biotope group assemblage, and (ii) can chironomid community types be identified based 
on their biotope preferences? Chironomid larvae were sampled seasonally from three distinct biotopes: stones (stone-in-
and-out-of-current), vegetation (marginal and aquatic), and sediment (gravel, sand and mud, GSM) at one upstream control 
site, i.e., Site 1, and three downstream sites, i.e., Sites 2, 3 and 4. Site 2 in Uitenhage was impacted by diffuse pollution 
sources including runoff from road networks. Site 3, also in Uitenhage, was impacted by wastewater effluent discharges 
as well as diffuse pollution sources, while Site 4 in Despatch was about 2.5 km downstream of Site 3. The multivariate 
analysis of similarity (ANOSIM) indicated that the chironomid species assemblages based on the composite biotopes were 
significantly different between all site pairs in terms of species composition and abundance. However, when the assemblages 
were analysed separately for each of the three distinct biotopes, only the stone-based assemblage indicated significant 
differences between all of the site pairs similarly to those of the composite biotopes. Thus, the results suggest that, when 
resources are limited, sampling only the stony benthos could still provide bioassessment results similar to benthos from all 
three biotopes combined. 
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INTRODUCTION 

The biophysical habitat structures such as available biotopes 
are among the important factors that could potentially 
influence bioassessment of aquatic pollution (Dallas, 2007). 
Aquatic ecosystems with diverse and complex habitat struc-
tures are likely to support more biodiversity than systems 
with less habitat complexity and diversity (Lencioni and 
Rossaro, 2005; Epele et al., 2012). Consequently, bioassess-
ment protocols usually include biophysical habitat assessment 
to aid the interpretation of results (e.g. Barbour et al., 1999; 
Dickens and Graham, 2002). 

Chironomids have potential for bioassessment of stream 
pollution because of their high species diversity and wide 
tolerance to different types and levels of pollutants (Armitage 
et al., 1995; Cranston, 1996; Ferrington, 2008; Odume and 
Muller, 2011). A review of chironomid global diversity revealed 
that 4 147 species in 339 genera are unambiguously aquatic in 
their immature stages (Ferrington 2008). Chironomid larvae 
occur in most aquatic habitats, inhabit all available biotopes, 
and dominate the abundance and species richness of mac-
roinvertebrate samples taken from most freshwater ecosys-
tems (Harrison, 2003, Ferrington, 2008). At the reach scale in 
freshwater ecosystems, available biotopes, i.e. microhabitats, 
can influence chironomid distribution and species diversity 
(Syrovátka et al., 2009; Epele et al., 2012). Consequently, studies 
elsewhere have investigated the role of biotopes in determining 

the structure and distribution of chironomid assemblages 
(Príncipe et al., 2008; Rosa et al., 2011). 

In South Africa, Dallas (2007) characterised the relation-
ship between biotopes and macroinvertebrates in selected rivers 
and found that differences exist between macroinvertebrate 
assemblages collected from different biotopes within the same 
river. However, the Dallas (2007) study was based on family-
level taxonomic resolution and all species within the family 
Chironomidae were lumped together as one taxon, thereby 
obscuring the potential influence of biotopes on chironomid 
species-based bioassessment. Thus, the extent to which biotope 
availability could influence chironomid species-based bio-
assessment of stream pollution is yet to be characterised in any 
South African stream or river. 

With the exception of rivers and streams where not all 
three distinct biotopes, i.e. stones, vegetation and sediments, 
are represented, macroinvertebrate-based bioassessment of 
South African lotic ecosystems is often undertaken by sam-
pling all three distinct biotopes, and the overall health of the 
river calculated based on the collected assemblages (Dickens 
and Graham, 2002; Odume and Muller, 2011). Since impact of 
perturbation on aquatic biota is usually assessed by comparing 
the assemblage structure of an impacted site with a reference 
or control site (Karr and Chu 2000, Bonada et al. 2006, Odume 
et al. 2012), it is important to investigate whether assemblage 
based on any single biotope can provide similar discrimination 
between the reference and impacted sites as assemblages based 
on the combination of all three distinct biotopes. If the assem-
blage based on any of the biotopes can provide similar results 
as those of all biotopes combined, then, in the face of limited 
resources, sampling can be restricted to such a biotope.
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Thus, this paper addresses the following questions: 
•	 Can the chironomid species assemblage from any single dis-

tinct biotope analysed separately provide a sufficiently accu-
rate result, similar to those of the composite-group species 
assemblage? (That is, what is the effect of reducing biotope 
number on the utility of Swartkops River chironomid species 
assemblage to demonstrate biotic impairment?) ‘Composite-
group’ refers to combined data from all three biotopes.

•	 Can chironomid community types be identified based on 
their biotope preferences in the Swartkops River? 

Therefore, in this study we investigate whether biotope avail-
ability influences chironomid species-based bioassessment of 
pollution in the Swartkops River, Eastern Cape, South Africa. 
Although different biotopes have been subjectively defined with 
reference to hydraulic conditions (Demars et al., 2012), those 
selected in this study were based on the South African Scoring 
System version 5 (SASS5) protocol, and included stones (stones-
in-and-out-of-current), vegetation (marginal and aquatic) and 
sediment (gravel, sand and mud: GSM).

MATERIALS AND METHODS

Study area and sampling sites

The study was undertaken in the Swartkops River in the Eastern 
Cape of South Africa. The river has its origin in the foothills 

of the Groot Winterhoek Mountains, and has a catchment 
size of about 1 555 km2. It flows through gravel and stone 
floodplains of poorly consolidated rocks of the Uitenhage 
Group (Heydorn and Grindley, 1986), and then discharges 
into the Indian Ocean at Algoa Bay near Port Elizabeth (Fig. 
1). Geologically, the upper catchment of the river consists of 
the quartzite of the Table Mountain Groups and the lower 
catchment below the confluence of the Elands and Kwazunga 
is of weakly consolidated cretaceous shale of marine ori-
gin (Fromme, 1988). The river is an important ecological 
asset because it supports an estuary that ranked 11th-most 
important in terms of biodiversity of South Africa’s estuaries 
(Enviro-Fish Africa, 2009; 2011). However, because of numer-
ous effects of urban and industrial activities on its catchment, 
the water quality as well as biotic integrity are being impacted 
by several sources of pollution including wastewater effluent 
discharge, and runoff from surrounding road and rail net-
works and informal settlements (Odume and Muller, 2011; 
Odume et al., 2012).

Four sites (Fig. 1) were selected on the basis of the great-
est number of available biotopes. Site 1 (33o 45’ 08.4” S, 25o 
20’ 32.6” E), situated in the upstream section of the river, was 
selected as the control site because it represented the best avail-
able conditions in terms of water quality and biotic condition. 
Site 2 (33o 47’ 29.0” S, 25o 24’ 26.4” E) and Site 3 (33o 47’ 11.8’’ 
S, 25o 25’ 53.97” E) were both situated in the industrial town of 
Uitenhage, while Site 4 (33o 47’ 34.0” S, 25o 27’ 58.7” E) was in 

 

1 

 

 
 
Figure 1 
Map of the Swartkops River showing locations of sampling sites, the Kelvin Jones Wastewater 
Treatment Works (KJWWTW) and major towns. ECP:  Eastern Cape Province. 
 
  

South Africa 

Figure 1
Map of the Swartkops River showing locations of sampling sites, the Kelvin Jones Wastewater Treatment Works (KJWWTW) and major towns. ECP: 

Eastern Cape Province.
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the residential town of Despatch. Site 2 was mainly impacted 
by runoff from informal settlements and surrounding road 
networks and it was situated upstream of the discharge point 
of the Kelvin Jones Wastewater Treatment Works (WWTW) 
in Uitenhage. Site 3, situated few metres downstream of the 
location where effluent from the Kelvin Jones WWTW enters 
the river, was influenced by wastewater effluent discharges as 
well as by runoff from the surrounding road and rail networks 
(Odume and Muller, 2011; Odume et al., 2012). Site 4 was about 
2.5 km downstream of Site 3 with the impact of the effluent still 
indicated by water quality and the benthic community struc-
ture (Odume and Muller, 2011; Odume et al., 2012). All four 
sampling sites have a similar range of biotopes. 

Chironomid sampling and water chemistry analysis 

Chironomid larvae were sampled over a period of 3 years 
between August 2009 and September 2012. Sampling was done 
in late August (spring) and late November (summer) 2009, 
March (autumn) and July (winter) 2010, September (spring) 
and December (summer) 2011, April (autumn) and September 
(spring) 2012. On each sampling occasion, chironomid larvae 
were collected from 3 distinct biotopes: stones (stones-in-and-
out-of-current), vegetation (marginal and aquatic vegetation), 
and sediment (gravel, sand and mud, GSM). In each sampling 
event, 3 replicate samples were collected per biotope per site, 
making up 9 samples per site per sampling season, so that in 
the entire study period 24 samples were collected per biotope 
per site. Collected chironomid larvae were preserved in 70% 
ethanol, and transported to the laboratory for sorting, mount-
ing, and species identification. Larvae were mounted accord-
ing to Odume and Muller (2011), and identified using the 
keys described by Wiederholm (1983), Cranston (1996) and 
Harrison (2003). 

Concurrent with chironomid sampling, sub-surface mid-
channel dissolved oxygen (DO), electrical conductivity (EC), 
turbidity, temperature and pH were measured using Cyberscan 
DO 300, Cyberscan Con 300, Orbeco-Hellige 966, mercury-
in-glass thermometer and Cyberscan pH 300, respectively. 
Sub-surface mid-channel water samples were collected in acid-
washed 250-mℓ plastic bottles, transported in ice-filled cooler 
boxes to the laboratory and analysed for orthophosphate-phos-
phorus (PO4-P) and total inorganic nitrogen (TIN). Nitrate-
nitrogen (NO3-N) and nitrite-nitrogen (NO2-N) were analysed 
according to Ondrus (1996) and APHA et al. (1971) method 
number 354.1, respectively. Orthophosphate-phosphorus  
(PO4-P) and ammonium-nitrogen (NH4-N) were analysed 
using Spectroquant® phosphate and ammonium concentration 
test kits according to the manufacturer’s instructions. Total 
inorganic nitrogen (TIN) concentration was calculated by 
summing the individual concentrations of NO3-N, NO2-N and 
NH4-N (Palmer et al., 2005).

Data analyses

Ascertaining differences between the sampling sites based 
on composite and individual biotope-based chironomid 
species composition and abundance

Analysis of similarity (ANOSIM), which is a non-parametric 
multivariate statistical technique, was used to determine the 
influence of reducing the number of biotopes on the chirono-
mid species–based bioassessment of the Swartkops River, by 
comparing the species composition between the four sites. A 

two-step approach was followed in comparing the four sites’ 
species compositions during the study period. Since three repli-
cate chironomid species samples were collected per biotope per 
site during each sampling event, in the first step, for each site 
per sampling event, a combination of one replicate sample from 
the stone, vegetation and GSM biotopes was analysed as com-
posite sample so that each site had three composite samples per 
sampling event. Thus, throughout the study period, each site 
had 24 composite samples, which were compared based on their 
chironomid species compositions and abundances between the 
four sites using ANOSIM and SIMPER analyses. The composite 
sample comparison between the sites was undertaken to ascer-
tain differences between the chironomid species compositions 
at the four sampling sites when all three distinct biotopes were 
sampled. In the second step of the analysis, instead of analysing 
the species compositions based on the composite data, species 
compositions based on the individual biotopes were analysed 
separately and compared between the four sites, thereby arti-
ficially reducing the number of biotopes from which chirono-
mids were collected. 

Thus, in the second step of the analysis, 24 samples col-
lected from each biotope at each site during the entire study 
period were compared based on chironomid species composi-
tions and abundances using ANOSIM and SIMPER. The 24 
replicate samples compared in both steps provided sufficient 
permutations for the global and pair-wise tests.

The taxa that enabled discrimination between the sites 
and their contributions to the dissimilarity matrices were 
indicated using the analysis of similarity percentage (SIMPER) 
(Clarke and Warwick, 1994). Chironomid species abundance 
data were log (x+1) transformed to down-weight the effects of 
highly abundant taxa (Zuur et al., 2007). Both ANOSIM and 
SIMPER analyses, which are strictly pair-wise comparison tests 
between 2 levels, were used instead of the comparable paramet-
ric MANOVA because they make no prior assumptions about 
the data and are more suited for community data with zeros 
compared to the corresponding MANOVA technique (Clarke 
and Warwick, 1994). An important advantage of the ANOSIM 
and SIMPER analyses is that they have no requirement for the 
variability of within-group replication needing to be similar for 
all groups, so that samples from the same site collected over dif-
ferent years can form groups instead of groups of sites (Clarke 
and Warwick, 1994). Hence, in the present study, samples from 
the same sites collected over different years formed the same 
groups. The spread of the global R-values was used to deter-
mine the statistical significance of the observed R-value at a 
significant level not above 5%. Both ANOSIM and SIMPER 
analyses were computed using Primer 5 version 5.2.9 (Clarke 
and Warwick, 1994).

The number of taxa, Shannon diversity and evenness 
indices were computed separately for the individual biotopes 
and for the composite data using Primer 5 version 5.2.9. The 
Kruskal-Wallis multiple comparison test was then used to com-
pare the results of the indices between the four sites separately 
for the individual biotopes and composite biotopes (P < 0.05). 
Statistica software package version 9 was used to compute the 
Kruskal-Wallis test.

One-way ANOVA was used to test for differences (P < 
0.05) in the means of the physico-chemical variables between 
the sampling sites. The Tukey’s Honestly Significant Different 
(HSD) test was computed to indicate the exact sites that dif-
fered when ANOVA indicated global significant differences. 
The basic assumptions of normality and homogeneity of vari-
ance, which are required for ANOVA, were tested using the 
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Shapiro-Wilk test and the Levene’s test, respectively. When it 
appeared that these assumptions were not met, the data were 
logarithmically transformed. ANOVA was computed using the 
Statistica software package version 9.

Identifying chironomid community types based on biotope 
preferences 

To identify chironomid community types based on their pre-
ferred biotopes, the Pearson’s pointbiserial correlation coefficient 
(De Cáceres and Legendre, 2009) was computed to determine 
chironomid species–biotope association at Site 1. The species 
abundance was used as the response variable and the biotopes as 
the predictive variables. The Pearson’s point-biserial coefficient 
was used in this study instead of similar statistical analyses, such 
as indicator species analysis and non-metric multidimensional 
scaling (NMDS), because it indicates the degree of species prefer-
ence for a given biotope and can detect both negative (i.e. when a 
species tends to avoid a particular biotope) and positive (i.e. when 
a species tends to associate with a particular biotope) correlations 
(De Cáceres and Legendre, 2009). The usefulness of the point-
biseral correlation analysis depends on the number of replicates; 
thus, the analysis was undertaken without pooling the replicate 
samples collected per biotope at Site 1 so that each biotope had 
24 replicate samples (i.e. 3 samples per sampling occasion in 
8 sampling events). The analysis was undertaken only for the 
chironomid species that occurred at Site 1 (i.e. the control site) to 
avoid the confounding effects of pollution on biotope–chirono-
mid species association at Sites 2, 3 and 4. Because the analysis 
was restricted only to species at Site 1, biotope preferences of 
species not occurring at this site were not computed. Unlike the 
Pearson’s point-biserial correlation analysis whose aim was to 
enable the detection of association between chironomid species 
and biotopes, the ANOSIM and SIMPER analyses were under-
taken to ascertain differences between the sites; hence they were 
not only undertaken for species collected at Site 1. Species occur-
ring in less than 5 of the 72 samples (24 samples per biotope x 3 
biotopes) over the study period were eliminated from the analysis 
because they were considered rare. The statistical significance of 
the Pearson’s point-biserial correlation was tested using a Monte 

Carlo permutation test with 999 permutations at P < 0.05. The 
Pearson’s point-biserial correlation coefficient was computed 
using the Indicspecies package version 1.6.7 within the R statisti-
cal programme version 3.0.0 software environment (De Cáceres, 
2013; R Core Team, 2013).

RESULTS

Physico-chemical variables

The nutrient concentrations, i.e., TIN and PO4-P at Sites 3 and 
4, were significantly (P < 0.05) higher than concentrations 
recorded at Sites 1 and 2 (Table 1). There were marked increases 
in the values of electrical conductivity (EC) at Sites 2, 3 and 4 
compared with the upstream control site. Dissolved oxygen 
(DO) showed significant depletion at Sites 3 and 4 compared 
with Sites 1 and 2. Only Site 3 had significantly higher values of 
turbidity. Temperature and pH were not significantly different 
between the four sampling sites (P > 0.05) (Table 1).

Assessing differences between sites based on composite 
and individual biotope chironomid assemblages 

A total of 35 chironomid species in 3 sub-families, 
Orthocladiinae, Chironominae and Tanypodinae, were recorded 
during the study period (Appendix). ANOSIM revealed that the 
chironomid assemblage based on the composite biotopes dif-
fered significantly in terms of species composition between the 
four sampling sites (Global R = 0.563). Pair-wise comparison test 
showed that all site pairs were significantly different; the highest 
significant difference was between Sites 1 and 3, and the lowest 
between Sites 3 and 4 (Table 2). In terms of per cent dissimilari-
ties in species composition and abundance between the four 
sites, the highest dissimilarity (96.19%) was recorded between 
Sites 1 and 3 and the lowest (53.59%) between Sites 3 and 4 (Fig. 
2). Different numbers of species contributed 75% cumulative 
dissimilarities between the different site pairs: Sites 1 and 2 (11 
species), Sites 1 and 3 (9 species), Sites 1 and 4 (10 species), Sites 2 
and 3 (7 species), Sites 2 and 4 (8 species), and Sites 3 and  
4 (5 species) (Fig. 3). Dicrotendipes sp., Tanytarsus sp., 

Table 1
Mean ± standard deviation (except for pH) and range (in parenthesis) for the physico-chemical variables (n = 8) in the 

Swartkops River during the study period (August 2009 – September 2012). P and F values are indicated by ANOVA. 
Different superscripts per variable across sites indicate significant differences (P < 0.05) revealed by Tukey HSD post-hoc 

test. The same superscript between sites per variable indicates no significant differences (P > 0.05).

Variable Site 1 Site 2 Site 3 Site 4 P value F value

Dissolved oxygen (mg/ℓ) 6.99 ± 1.15a  
(4.73 – 9.5)

7.4  ± 1.52a  
(5.53 – 9.48)

3.19 ± 1.47b  
(1.81 – 6.36)

4.81 ± 3.01ab  
(0.9 – 8.31)

0.001 7.18

pH 4.69 – 7.75 5.69 – 8.99  6.56 – 7.9 6.31 – 8.01 0.201 1.65

Temperature (°C) 17.48  ± 5.46  
(7.31 – 24.0)

17.27  ±7.17  
(6.11 – 27.3)

20.88  ± 3.29  
(14.3 – 25.2)

18.9  ± 4.14  
(12.2 – 24.0)

0.415 0.98

Electrical conductivity 
(mS/m)

32.45± 17.74a  
(8.23 – 62.0)

160.75±146b  
(30 – 460)

262.51± 76.14b 
(154.8 – 333)

259.63±56.28b  
(171 – 354)

0.000 22.57

Turbidity (NTU) 5.3 ± 2.22a        
( 3.0 – 10.1)

6.33  ±2.44a  
(3.0 – 11.2)

72.7 ± 102.36b  
(10.5 – 320)

7.08  ± 8.06a  
(2.2 – 26)

0.000 15.67

Total inorganic nitrogen 
(TIN) (mg/ℓ)

0.171 ± 0.22a  
(0.039 – 0.49)

1.567 ± 2.26a  
(0.17 – 4.92)

9.56 ± 6.85b   
(2.33 – 24.44)

7.40 ± 3.52b  
(1.59 – 12.79)

0.000 36.29

Orthophosphate - phos-
phorus (PO4-P)  (mg/ℓ)

0.03 ± 0.01a  
(0.01 – 0.05)

0.86  ± 0.52b  
(0.12 – 1.65)

6.72  ± 4.00c  
(0.95 – 11.98)

4.86  ± 3.19c  
(0.53 – 9.61)

0.000 24.48

NB: Part of this table has previously been published in Odume et al. (2014).
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Table 2
ANOSIM showing global and pair-wise tests between the sampling sites based on the composite biotope species 

abundance and composition, and on all three distinct biotopes analysed individually. Bold typeface is used to indicate 
sites that were significantly different in terms of chironomid species composition and abundance. Interpretation of 

significant differences was undertaken by comparing the value of the R Statistic to its permutation distribution so that 
when the observed R statistic value was outside the spread of the distribution, the value of the R Statistic was deemed 

significant (Clarke and Warwick, 1994). The threshold value for the R Statistic permutation distributions were: composite 
data (0.08), stone biotope (0.08), vegetation biotope (0.13), GSM biotope (0.09). Note that the higher the value of the 

R Statistic the more dissimilar the sites, i.e., replicate samples within sites are more similar to each other than replicates 
from different sites (Clarke and Warwick, 1994).

Composite biotopes: Global R: 0.563 
Significance level: 0.1%

Stone biotope: Global R: 0.496 
Significance level: 0.1%

Sites R Statistic Significance level % Sites R Statistic Significance level %

1, 2 0.545 0.1 1, 2 0.414 0.1

1, 3 0.983 0.1 1, 3 0.98 0.1

1, 4 0.789 0.1 1, 4 0.629 0.1

2, 3 0.604 0.1 2, 3 0.57 0.1

2, 4 0.228 0.1 2, 4 0.107 0.1

3, 4 0.137 0.1 3, 4 0.278 0.1

Vegetation biotope: Global R: 0.447 
Significance level: 0.1%

GSM (gravel, sand and mud) biotope: Global R: 0.474 
Significance level: 0.1%

Sites R Statistic Significance level % Sites R Statistic  Significance level %

1, 2 0.518 0.1 1, 2 0.507 0.1

1, 3 0.876 0.1 1, 3 0.816 0.1

1, 4 0.563 0.1 1, 4 0.742 0.1

2, 3 0.518 0.1 2, 3 0.458 0.1

2, 4 0.032 26.4 2, 4 0.349 0.1

3, 4 0.165 0.1 3, 4 0.026 15.3

 

2 

 

 

 
Figure 2 
SIMPER analysis result showing per cent dissimilarities between all site pairs based on chironomid 
assemblage analysed for the composite biotopes and separately for the individual distinct biotopes. 
Abbreviations: Veg: vegetation, GSM: gravel, sand and mud. The numbers 1, 2, 3 and 4 indicate Sites 1, 
2, 3 and 4, respectively. 
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SIMPER analysis result showing per cent dissimilarities between all site pairs based on chironomid assemblage analysed for the composite biotopes 
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Chironomus sp.1, Chironomus sp.2, Cricotopus sp.1, and 
Cricotopus trifasciata gr were the top ranked species contributing 
to the dissimilarities between the sampling site pairs.

ANOSIM of the stone-based assemblage indicated sig-
nificant differences between the sampling sites (Global R = 
0.496). The pair-wise comparison test showed that all site pairs 
were significantly different; the highest significant difference 
was between Sites 1 and 3, and the lowest between Sites 2 and 
4 (Table 2). SIMPER analysis indicated that the highest dis-
similarity was between Sites 1 and 3 (97.86%), and the lowest 
between Sites 3 and 4 (61.24%) (Fig. 2). In terms of the top-
ranked species that discriminated between the sites, different 
numbers of species contributed 75% cumulative dissimilari-
ties between different site pairs: Sites 1 and 2 (11 species), Sites 
1 and 3 (8 species), Sites 1 and 4 (9 species), Sites 2 and 3 (6 
species), Sites 2 and 4 (7 species), and Sites 3 and 4 (5 species) 
(Fig. 4). The same species as the composite-based assemblage 
were the top-ranked species contributing to the dissimilarities 
between the sampling site pairs (Fig. 4).

Chironomid assemblage for the vegetation biotope also 
differed significantly between the sampling sites (Global R = 
0.447). However, the pair-wise comparison test indicated no 
significant difference between Sites 2 and 4 (Table 2). Similarly 
to the composite- and stone-based assemblages the highest 
significant difference was between Sites 1 and 3. Fewer num-
bers of species, compared to the stone and composite biotopes, 
discriminated between the sites (Fig. 5). Chironomus sp.1, 
Chironomus sp.2, Dicrotendipes sp., Tanytarsus sp., Cricotopus 
trifasciata gr., and Kiefferulus sp. were the major contributors 
to the dissimilarities between the sampling sites (Fig. 5).

The GSM-based assemblage also differed significantly 
between the sampling sites (Global R = 0.474). However, Sites 
3 and 4 were not significantly different in terms of species 
composition (Table 2). The highest significant difference was 
observed between Sites 1 and 3. The numbers of species that 
contributed 75% cumulative dissimilarities between the site 
pairs were: Sites 1 and 2 (9 species), Sites 1 and 3 (9 species), 
Sites 1 and 4 (8 species), Sites 2 and 3 (5 species), Sites 2 and 4 (6 
species), and Sites 3 and 4 (4 species) (Fig. 6). Chironomus sp.1, 
Dicrotendipes sp., Ablabesmyia sp. and Cricotopus trifasciata gr. 
were the major contributors to the overall per cent dissimilarity 
between the site pairs (Fig. 6).

Comparing selected summary indices between the 
sampling sites 

The number of taxa, Shannon diversity and evenness indices 
were compared between the sampling sites based on the assem-
blages from the composite biotope group and separately for the 
individual biotopes. The Kruskal-Wallis test revealed that the 
number of taxa based on the composite biotopes was signifi-
cantly higher at Site 1 than Site 3 (P < 0.05). However, though 
more taxa were recorded at Site 1 than at Sites 2 and 4, these 
were not significantly different (P > 0.05) (Fig. 7). The Shannon 
diversity and evenness indices were significantly higher at Site 1 
than at Sites 3 and 4 (P < 0.05). 

In terms of the individual biotopes, significant differences 
(P < 0.05) in the number of taxa and Shannon diversity index 
were observed only between Sites 1 and 3 for the stone-based 
assemblage. There were no significant differences between the 
other site pairs (Fig. 7). Evenness was not significantly differ-
ent between all site pairs. The number of taxa and Shannon 
diversity index were significantly higher at Site 1 than at Sites 

3 and 4 based on the vegetation assemblage (P < 0.05). No signifi-
cant differences were observed between Sites 2, 3 and 4 (P > 0.05). 
Evenness was also not statistically different between the sites 
(Fig. 8). In terms of the GSM biotope-based assemblage, a 
comparison of the four sampling sites revealed that the number 
of taxa, and Shannon diversity index differed significantly only 
between Sites 1 and 3 (P < 0.05) (Fig. 8). 

Chironomid community types based on their preferred 
biotopes 

Five chironomid community types were identified based on 
their association with the selected biotopes (Table 3). The first 
community type was mainly associated with the stone biotope, 
and consisted of 8 species: Cricotopus sp.1, Cricotopus trifas-
ciata gr. Paratrichocladius sp., Clinotanypus sp., Orthocladius 
sp., Tanypus sp. and Cladotanytarsus sp. Of these, only 
Cricotopus sp.1 showed a significant association with the stone 
biotope (P < 0.05). The abundance of the stony community 
was dominated by Cricotopus sp.1, Cricotopus trifasciata gr., 
Paratrichocladius sp., and Cladotanytarsus sp. The second com-
munity type preferred the vegetation biotope, and consisted 
of only 2 species, i.e., Tanytarsus sp. and Polypedilum sp., with 
the latter showing a significant preference for vegetation. The 
third community type was mainly associated with the GSM 
biotope, and consisted of only 3 species, i.e., Rheotanytarsus 
sp., Nilotanypus sp. and Thienemannimyia sp. Of these spe-
cies, only Nilotanypus sp. was significantly associated with the 
GSM. The fourth community type consisted of 3 species, i.e., 
Dicrotendipes sp., Microchironomus sp. and Nanocladius sp., 
that were associated with both the stone and the vegetation 
biotopes. Dicrotendipes sp. and Microchironomus sp. belong 
to the subfamily Chironominae, tribe Chironomini, while 
Nanocladius sp. belongs to the Orthocladiinae subfamily. The 
last community type, which was mainly associated with both 
the stone and the GSM biotopes, had 5 species: Ablabesmyia sp., 
Cryptochironomus sp. Trissopelopia sp., Macropelopia sp. and 
Virgatanytarsus sp. Species of the predatory Tanypodinae, i.e. 
Ablabesmyia sp., Trissopelopia sp. and Macropelopia sp., domi-
nated the composition of the fifth community type.

DISCUSSION 

In this study, the potential influence of reducing the number 
of biotope used for chironomid-based bioassessment of aquatic 
pollution in the Swartkops River was investigated by analys-
ing the chironomid community separately for each biotope 
and comparing the results with the composite assemblage. 
The compositing was important in order to examine effects of 
reducing the numbers of biotopes, by comparing the sites sepa-
rately based on the assemblages of the individual biotope group 
(reduction in biotope numbers) and the composite biotopes 
(combined data from all three biotopes). Since river health 
monitoring in South Africa is often undertaken by sampling 
macroinvertebrates from all three distinct biotope groups and 
the overall health of the river calculated based on the assem-
blages collected from the three biotope groups, except in rivers 
where all biotope groups are not represented (Dickens and 
Graham, 2002; Odume and Muller, 2011), the analysis under-
taken in this paper therefore addresses the question of whether 
assemblages based on any single biotope can give a sufficiently 
accurate discrimination between the sites, similar to those of 
all three biotopes combined. 
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Figure 3 
Top-ranked SIMPER contributions to per cent dissimilarity in the composition of chironomid species 
between Sites 1 and 2 (A), Sites 1 and 3 (B), Sites 1 and 4 (C), Sites 2 and 3 (D), Sites 2 and 4 (E), and 
Sites 3 and 4 (F), based on the assemblages from the composite biotopes in the Swartkops River over 
the study period (August 2009 – September 2012).   
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Figure 3
Top-ranked SIMPER contributions to per cent dissimilarity in the composition of chironomid species between Sites 1 and 2 (A), Sites 1 and 3 (B), Sites 1 

and 4 (C), Sites 2 and 3 (D), Sites 2 and 4 (E), and Sites 3 and 4 (F), based on the assemblages from the composite biotopes in the Swartkops River over the 
study period (August 2009 – September 2012). 
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Figure 4 
Top-ranked SIMPER contributions to per cent dissimilarity in the composition of chironomid species 
between Sites 1 and 2 (A), Sites 1 and 3 (B), Sites 1 and 4 (C), Sites 2 and 3 (D), Sites 2 and 4 (E), and 
Sites 3 and 4 (F), based on the stone biotope group chironomid communities in the Swartkops River 
over the study period (August 2009 – September 2012).   

0
2
4
6
8

10
12
14

Pe
rc

en
t c

on
tr

ib
ut

io
n 

to
 d

iss
im

ila
rit

y

Chironomid species

A

0
5

10
15
20
25
30

Pe
rc

en
t c

on
tr

ib
ut

io
n 

to
 d

iss
im

ila
rit

y

Chironomid species

B

0
2
4
6
8

10
12
14
16

Pe
rc

en
t c

on
tr

ib
ut

io
n 

to
 d

iss
im

ila
rit

y

Chironomid species

C

0
5

10
15
20
25
30

Pe
rc

en
t c

on
tr

ib
ut

io
n 

to
 d

iss
im

ila
rit

y

Chironomid species

D

0
2
4
6
8

10
12
14
16
18
20

Pe
rc

en
t c

on
tr

ib
ut

io
n 

to
 d

iss
im

ila
rit

y

Chironomid species

E

0

5

10

15

20

25

30

Pe
rc

en
t c

on
tr

ib
ut

io
n 

to
 d

iss
im

ila
rit

y

Chironomid species

F

Figure 4
Top-ranked SIMPER contributions to per cent dissimilarity in the composition of chironomid species between Sites 1 and 2 (A), Sites 1 and 3 (B), Sites 

1 and 4 (C), Sites 2 and 3 (D), Sites 2 and 4 (E), and Sites 3 and 4 (F), based on the stone biotope group chironomid communities in the Swartkops River 
over the study period (August 2009 – September 2012).
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Figure 5 
Top-ranked SIMPER contributions to per cent dissimilarity in the composition of chironomid species 
between Sites 1 and 2 (A), Sites 1 and 3 (B), Sites 1 and 4 (C), Sites 2 and 3 (D), Sites 2 and 4 (E), and 
Sites 3 and 4 (F), based on the vegetation biotope group chironomid communities in the Swartkops 
River over the study period (August 2009 – September 2012). 
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Figure 5
Top-ranked SIMPER contributions to per cent dissimilarity in the composition of chironomid species between Sites 1 and 2 (A), Sites 1 and 3 (B), Sites 

1 and 4 (C), Sites 2 and 3 (D), Sites 2 and 4 (E), and Sites 3 and 4 (F), based on the vegetation biotope group chironomid communities in the Swartkops 
River over the study period (August 2009 – September 2012).
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Figure 6 
Top-ranked SIMPER contributions to per cent dissimilarity in the composition of chironomid species 
between Sites 1 and 2 (A), Sites 1 and 3 (B), Sites 1 and 4 (C), Sites 2 and 3 (D), Sites 2 and 4 (E), and 
Sites 3 and 4 (F), based on the GSM biotope group chironomid communities in the Swartkops River over 
the study period (August 2009 – September 2012).   
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Figure 6
Top-ranked SIMPER contributions to per cent dissimilarity in the composition of chironomid species between Sites 1 and 2 (A), Sites 1 and 3 (B), Sites 1 

and 4 (C), Sites 2 and 3 (D), Sites 2 and 4 (E), and Sites 3 and 4 (F), based on the GSM biotope group chironomid communities in the Swartkops River over 
the study period (August 2009 – September 2012).
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Figure 7 
A comparison of the number of taxa, Shannon diversity and evenness indices between the sampling 
sites based on the chironomid assemblages of the stone biotope and the composite biotope in the 
Swartkops River collected between August 2009 and September 2012. Rectangular box indicates 75–25 
percentile values, vertical bars are non-outlier ranges and horizontal line in each box is the median 
value.  A different letter on top of the boxes across sites indicates a significant difference (P < 0.05), 
whereas boxes having a common letter indicate no significant difference (P > 0.05).  
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Figure 7
A comparison of the number of taxa, Shannon diversity and evenness indices between the sampling sites based on the chironomid assemblages of the 
stone biotope and the composite biotope in the Swartkops River collected between August 2009 and September 2012. Rectangular box indicates 75–25 

percentile values, vertical bars are non-outlier ranges and horizontal line in each box is the median value. A different letter on top of the boxes across 
sites indicates a significant difference (P < 0.05), whereas boxes having a common letter indicate no significant difference (P > 0.05). 
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The chironomid assemblages based on the composite 
biotopes and the stone biotope both indicated significant differ-
ences between all site pairs in terms of species abundance and 
compositions However, the vegetation-based assemblage did 
not indicated significant differences between Sites 2 and 4. The 
GSM-based assemblage also did not indicate significant differ-
ences between Sites 3 and 4. Thus, only the assemblage based on 
the stone biotope give a sufficiently accurate result, similar to 
those of the composite biotope-based assemblage. The vegeta-
tion and GSM-based assemblages did not give results similar 
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Figure 8 
A comparison of the number of taxa and Shannon diversity evenness indices between the sampling sites 
based on the assemblages of the vegetation biotope and the GSM biotope in the Swartkops River 
collected between August 2009 and September 2012. Rectangular box indicates 75 – 25 percentile 
values, vertical bars are non-outlier ranges and horizontal line in each box is the median value. A 
different letter on top of the boxes across sites indicates a significant difference (P < 0.05), whereas 
boxes having a common letter indicates no significant difference (P < 0.05). 
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Figure 8
A comparison of the number of taxa and Shannon diversity evenness indices between the sampling sites based on the assemblages of the vegetation 

biotope and the GSM biotope in the Swartkops River collected between August 2009 and September 2012. Rectangular box indicates 75 – 25 percentile 
values, vertical bars are non-outlier ranges and horizontal line in each box is the median value. A different letter on top of the boxes across sites 

indicates a significant difference (P < 0.05), whereas boxes having a common letter indicates no significant difference (P < 0.05). 

to those of the composite biotope groups as they did not enable 
the discrimination of all site pairs of the three downstream 
sites. 

Though the three downstream impacted sites, i.e. Sites 2, 
3 and 4, were all within the residential and industrial part of 
the catchment, they have been found to be different in terms 
of both water chemistry and biotic deterioration (Odume and 
Muller, 2011; Odume et al. 2012). The differences in biotic dete-
rioration between the three downstream sites have been attrib-
uted mainly to the effluent discharges from the Kelvin Jones 
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associated with specific biotopes (Table 3). Species traits and 
ecology could define chironomid preferences for specific bio-
topes (Armitage et al., 1995; Syrovátka et al., 2009). For exam-
ple, in the present study, Cricotopus sp.1, Cricotopus trifasciata 
gr., Paratrichocladius sp., Cladotanytarsus sp., Orthocladius 
sp., Tanytarsus sp., Polypedilum sp., and Nanocladius sp. pre-
ferred either the stone biotope, or the vegetation biotope or 
both. These species are mostly collector-gatherers and scraper-
grazers that feed on particulate organic matter deposited on 
stone surfaces in pools, or that graze on periphyton materials 
(Armitage, 1995). The food and feeding habits of these species 
could partly explain why they were associated with the stone 
and vegetation biotopes, where they are more likely to encoun-
ter their preferred food materials. The predatory Tanypodinae, 
including Nilotanypus sp. Thienemannimyia sp., Ablabesmyia 
sp., Trissopelopia sp., and Macropelopia sp. were mostly asso-
ciated with either the GSM biotope, or the stone biotope, or 
both. Since the GSM and the stone-out-of-current biotopes 
occurred mostly in pools, the predatory Tanypodinae avoid 
the danger of being swept away by currents while searching for 
food. According to Wielderholm (1983) and Rosa et al. (2011), 
most species of the sub-family Tanypodinae are adapted to 
living in pools with large amount of soft sediment. Syrovátka 

Table 3
Chironomid species preferences for the selected biotope: stone, vegetation (Veg.) and gravel, sand and mud (GSM) in 
the Swartkops River during the study period (August 2009 – September 2012). The numbers 1 and 0 under the biotope 

columns indicate species preferring and not preferring a particular biotope, respectively. Code (biotope preference 
code) indicates species preferring the stone biotope (1), the vegetation biotope (2), the GSM (3), both the stone and 

the vegetation biotopes (4), and both the stone and the GSM biotopes (5). Bold type indicates a statistically significant 
preference.

Taxa Stone Veg GSM Code
Point-biserial  

coefficient P-value

Cricotopus sp.1 1 0 0 1 0.315 0.022

Cricotopus trifasciata gr. 1 0 0 1 0.265 0.053

Paratrichocladius sp. 1 0 0 1 0.246 0.087

Cardiocladius sp. 1 0 0 1 0.181 0.315

Clinotanypus sp. 1 0 0 1 0.051 0.914

Orthocladius sp. 1 0 0 1 0.194 0.264

Tanypus sp. 1 0 0 1 0.066 0.869

Cladotanytarsus sp. 1 0 0 1 0.219 0.163

Tanytarsus sp. 0 1 0 2 0.128 0.562

Polypedilum sp. 0 1 0 2 0.381 0.003

Rheotanytarsus sp. 0 0 1 3 0.246 0.092

Nilotanypus sp. 0 0 1 3 0.293 0.028

Thienemannimyia sp. 0 0 1 3 0.183 0.320

Nanocladius sp. 1 1 0 4 0.133 0.587

Dicrotendipes sp. 1 1 0 4 0.173 0.386

Microchironomus sp. 1 1 0 4 0.149 0.774

Ablabesmyia sp. 1 0 1 5 0.129 0.544

Cryptochironomus sp. 1 0 1 5 0.221 0.150

Trissopelopia sp. 1 0 1 5 0.121 0.699

Macropelopia sp. 1 0 1 5 0.169 0.373

Virgatanytarsus sp. 1 0 1 5 0.107 0.723

WWTW in Uitenhage. The elevated concentrations of nutrients 
and electrical conductivity as well as depletion of dissolved 
oxygen recorded at Sites 3 and 4 could be attributed mainly 
to the effluent influence from the WWTW. Of the biotopes 
analysed in terms of chironomid assemblages in the present 
study, apart from the composite biotope-based assemblages, 
only the stone-based assemblages indicated significant differ-
ences between all pairs of the sampling sites, suggesting that 
when resources are limited the assemblages based on the stone 
biotope could still provide a sufficiently accurate bioassessment 
result. This is not surprising because the stone biotope sup-
ported more chironomid species than the vegetation and GSM 
biotopes (Table 3). Stones are morphologically and structurally 
complex and could support more zoobenthic communities than 
structurally simpler biotopes such as sand and mud (Wright et 
al., 1983; Príncipe et al., 2008). Structurally complex biotopes 
are more likely to support more food and space resources for 
diverse species (Rosa et al., 2011). Furthermore, structurally 
complex biotopes providing refugia for benthic fauna are also 
more likely to support more species than morphologically less-
complex biotopes (Epele et al., 2012). This probably explained 
why more species were associated with the stone biotopes. 

Most of the chironomid species recorded in this study were 
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et al. (2009) also found a large proportion of predatory chi-
ronomids in pools. Dicrotendipes sp., Cryptochironomus sp., 
and Virgatanytarsus sp., which were associated with more than 
one biotope in the present study, have flexible diets that could 
enable them to occupy several biotopes under different envi-
ronmental conditions (Armitage et al., 1995). 

An important limitation of the study was that the samples 
were collected at 4 sampling sites in a single river system. These 
sites were not located very far from each other and, because of 
system connectivity in lotic ecosystems; could be regarded as 
not being truly independent samples, but pseudo-replicates. 
However, the clear point-source impact, e.g. wastewater efflu-
ent discharges influencing the river health condition, served 
to distinguish between the sites. Furthermore, the extended 
period over which the data were collected, and the number of 
replicates collected per biotope per site during each sampling 
event enable robust statistical analysis of the data.

CONCLUSION

This study demonstrated the potential influence of reducing 
biotope numbers on chironomid species-based bioassessment 
of the studied river system. Apart from the composite biotope 
group, assemblage based on the stone biotope provided the best 
discrimination between the sampling sites. The implication 
is that, to reduce cost, time and effort, analysing assemblages 
based only on the stone biotope can provide sufficiently accu-
rate results, similar to using an assemblage combined from 
all three distinct biotopes. Nevertheless, when stone biotopes 
are not available, then assemblages based on the composite of 
vegetation and GSM could be examined for differences between 
sites. Overall, the study contributes to the understanding of the 
influence of biotopes on chironomid species-based bioassess-
ment in a region where such studies are scarce, and reinforces 
the bioindication potential of the chironomids. 
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APPENDIX:

Table A1
Per cent relative abundance of chironomid species collected per biotope at the four sampling sites in the Swartkops River 

during the study period (August 2009 – September 2012)

  Stone Vegetation GSM

Taxa
Site 

1
Site 

2
Site 

3
Site 

4
Site 

1
Site 

2
Site 

3
Site 

4
Site 

1
Site 

2
Site 

3
Site  

4

Subfamily Orthocladiinae

Cricotopus sp.1 20.14 13.68 0.00 1.15 10.69 3.73 0.19 0.22 11.18 3.77 0.00 1.68

Cricotopus trifasciata gr. 21.09 14.97 0.00 5.03 12.11 6.98 0.00 0.67 16.03 7.17 0.00 0.40

Paratrichocladius sp. 1.07 1.10 0.00 0.07 0.16 0.97 0.00 0.00 0.42 0.57 0.00 0.00

Nanocladius sp. 0.95 1.38 0.00 0.00 1.10 2.27 0.00 0.00 0.42 0.94 0.00 0.00

Cardiocladius sp. 2.13 0.37 0.00 2.08 1.42 1.62 0.00 0.00 1.27 0.75 0.00 1.68

Eukiefferiella sp. 0.71 0.73 0.00 2.30 0.00 0.65 0.00 0.67 0.00 0.19 0.08 0.00

Orthocladius sp.1 10.07 4.32 0.00 3.45 7.23 3.08 0.00 0.78 9.92 3.02 0.00 0.89

Orthocladius sp.2 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Parakiefferiella sp 0.00 0.37 0.00 0.07 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Subfamily Chironominae

Dicrotendipes sp.1 4.15 29.29 10.79 36.59 6.60 31.98 16.63 51.45 1.69 23.58 13.85 30.50

Dicrotendipes sp.2 0.00 0.00 0.66 0.00 0.00 2.27 0.71 0.00 0.00 0.00 0.00 0.00

Kiefferulus sp. 0.24 3.12 1.84 5.82 0.31 12.66 2.01 0.34 0.00 0.00 2.24 2.08

Tanytarsus sp. 12.44 0.28 0.00 0.00 23.27 0.00 0.00 0.45 18.57 0.00 0.00 0.00

Polypedilum sp.1 3.20 0.09 0.00 0.00 20.13 0.32 0.00 0.34 3.16 0.19 0.00 0.00

Polypedilum sp. 2 0.002 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cryptochironomus sp. 0.95 0.00 0.00 0.00 0.16 0.00 0.00 0.00 1.27 0.00 0.00 0.00

Chironomus sp. 1 0.24 20.94 68.93 35.80 0.31 28.25 66.34 41.28 0.21 9.06 65.09 46.14

Chironomus sp. 2 0.00 3.03 10.70 3.45 0.00 1.46 10.29 1.90 0.00 2.83 10.97 7.52

Chironomus sp. 3 0.12 0.55 6.77 3.09 0.00 0.16 3.37 1.01 0.00 0.00 7.21 5.94

Rheotanytarsus sp. 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.63 0.00 0.00 0.00

Microchironomus sp. 0.12 0.64 0.00 0.00 0.31 0.00 0.00 0.11 0.00 0.00 0.00 0.00

Cladotanytarsus sp. 1.90 0.73 0.03 0.00 1.10 0.00 0.00 0.11 0.84 0.00 0.00 0.00

Virgatanytarsus sp. 1.42 0.00 0.00 0.00 0.79 0.00 0.00 0.00 2.74 0.00 0.00 0.00

Paratanytarsus sp. 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.48 0.57 0.00 0.00

Glyptotendipes sp. 0.00 0.09 0.27 0.00 0.00 0.00 0.65 0.00 0.00 0.00 0.56 0.00

Subfamily Tanypodinae

Ablabesmyia sp. 11.97 0.09 0.00 1.01 9.91 0.00 0.00 0.00 15.82 0.57 0.00 3.17

Coelotanypus sp. 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Procladius sp. 0.12 1.01 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Trissopelopia sp. 1.07 0.00 0.00 0.00 0.63 0.00 0.00 0.00 1.69 0.00 0.00 0.00

Clinotanypus sp. 0.36 0.00 0.00 0.00 0.31 0.00 0.00 0.00 0.42 0.00 0.00 0.00

Tanypus sp. 1.18 3.03 0.00 0.07 1.10 3.57 0.00 0.67 1.27 46.79 0.00 0.00

Nilotanypus sp. 0.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.22 0.00 0.00 0.00

Thienemannimyia sp. 0.95 0.00 0.00 0.00 1.10 0.00 0.00 0.00 3.59 0.00 0.00 0.00

Macropelopia sp. 2.37 0.00 0.00 0.00 0.63 0.00 0.00 0.00 3.16 0.00 0.00 0.00

Conchapelopia sp. 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total no. of individuals 844 1 089 3 309 1 391 636 616 1 545 894 474 530 1 249 1 010
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