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Abstract

Communities of benthic macroinvertebrates obtained from a river catchment impacted by point source pollution were
investigated from March 2013 to April 2014. The main purpose of this study was to describe the taxon richness of benthic
macroinvertebrate communities obtained at upstream and downstream of a wastewater treatment works and combined
sewer overflows, assess water quality and to determine major physicochemical variables that affect the distribution
and richness of benthic macroinvertebrate communities. The biotic index Whalley Hawkes, Paisley and Trigg revealed
distinction between the sites upstream of the wastewater treatment works from the downstream sites. Between and
within sampling locations, the dominance of certain taxonomic groups was recorded including Oligochaete, Baetidae
and Chironomidae. Predominant in the river were insects which constituted 72% of the overall benthic invertebrate
communities followed by Oligochaeta (28%). Distribution of benthic macroinvertebrate communities was not associated
with sewage variables but related more with altitude, catchment area, slope and discharge. Altitudes range from 31 to
140 m. The sites at higher altitude had better quality compared to the lower sites and therefore suggests that altitude
could provide a spatial proxy for anticipated future ecological changes in the river over time. Classification of the river
based on the European Union’s Water Framework Directive indicated that the river had moderate ecological status.
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1 Introduction Macroinvertebrates have many benefits as good indica-

tors of water quality because they are diverse, ubiquitous,

The relationship between an ecological metric and envi-
ronmental variables may inform the source of stress or
response experienced by an ecological indicator [1]. These
relationships have been demonstrated between benthic
macroinvertebrate communities and physicochemical vari-
ables in various studies [2-4]. In the case of urban rivers, the
relationships could reveal the effect of multiple stressors
collective termed “urban stream syndrome”[5] or by pollu-
tion. Environmental variables including conductivity, dis-
charge, catchment area and nutrient concentrations have
been shown to influence the structure and types of benthic
macroinvertebrate communities found along a longitudi-
nal stream profile with changes in altitude and slope [6, 71.

easily collected, and sensitive to a range of environmental
and chemical stressors. The Whalley, Hawkes, Paisley and
Trigg (WHPT) which is the European Union’s Water Frame-
work Directive (EU WFD) biotic index, described as one
of the most well-developed biomonitoring tools in the
world [8], was used to classify the study sites on the basis
of pollution sensitive/tolerant benthic macroinvertebrate
communities [9]. WHPT scores are classified on the basis
of their occurrence (presence-absence) and assigned a
log abundance-weighted score in one of four categories
(1-9, 10-99, 100-999 and > 999 individuals). The ecological
quality ratio (EQR) provides an EU WFD classification status
for a site. In order to achieve the standard Good Ecological

B4 Cecilia Medupin, cecilia.medupin@manchester.ac.uk | 'School of Earth and Environmental Sciences, The University of Manchester,

Oxford Road, Manchester M13 9PL, UK.

®

Check for
updates

SN Applied Sciences (2019) 1:544 | https://doi.org/10.1007/542452-019-0464-x

Received: 27 October 2018 / Accepted: 8 April 2019 / Published online: 10 May 2019

SN Applied Sciences

A SPRINGERNATURE journal


http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-019-0464-x&domain=pdf
http://orcid.org/0000-0001-6837-5552

Research Article

SN Applied Sciences (2019) 1:544 | https://doi.org/10.1007/542452-019-0464-x

Status for surface waters, both biological and physico-
chemical variables measured would have to be “good”.

Previous records showed that this study catchment has
not met the “Good Ecological Status” required by the Euro-
pean Union’s Water Framework Directive (UK Environment
Agency records, 2017) especially due to high phosphate-P
concentration [14]. Furthermore, previous studies focused
on particular information including identification of sea-
sonal changes of benthic macroinvertebrates [10], assessed
the impact of combined sewer overflows on water chem-
istry [11] or described the challenges of point and diffuse
pollution sources on the river in particular nutrient enrich-
ment [12, 13]. The major challenge in the catchment was
attributed to intermittent discharge from combined sewer
overflows (CSOs) and effluent released from wastewater
treatment works (WwTW). Negative public perception of
CSOs helped to intensify the need for the UK Environmen-
tal Regulators (UK Environment Agency) to monitor and to
effectively maintain the infrastructure through the waste
water management companies (Irwell Catchment Partner-
ship Group notes). Currently, efforts to reduce intermittent
discharges from combined sewer overflows and effluent
from wastewater treatment works are investigated by the
UK water companies in order to reduce sewage pollution.

The present study examines the relationship between
the benthic macroinvertebrate communities and physico-
chemical variables in order to determine the factors which
influence the distribution and richness of the communi-
ties. Descriptive studies of this type are important because
a major goal of community ecology is to explain why com-
munities and environmental variables change systemati-
cally along a gradient including pollution. The objectives
of the study were to characterise the distribution and
assemblage structures of benthic macroinvertebrates
between upstream and downstream of wastewater treat-
ment works and combined sewer overflows over different
altitudes ranging from 31 to 140 m, to assess and compare
water quality results with the EU Water Framework Direc-
tive standards and to determine major physicochemical
variables that affect the distribution of benthic macroin-
vertebrates. The results of this study could contribute to
a better understanding of the distribution of freshwater
macroinvertebrates in rivers impacted by combined sewer
overflows and wastewater treatment works and to inform
and focus areas in need of effective management.

2 Materials and methods

2.1 Study area

The River Medlock has a catchment area of 57.5 km? and
the average yearly flow rate is 0.82 m3s~' (CEH, 2017). The
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River Medlock (See Fig. 1) is 22 km in length and rises in the
Pennine hills to the Northeast of Oldham in Greater Man-
chester (National Grid Reference (NGR): SD 95308 05431).
It passes through a steep-sided wooded region for 10 km
before entering a largely urbanised area of Manchester city
centre (NGR: SJ 85781 97858).The surveyed reach of the
river has a continuously operational wastewater treatment
works (WwTW) at Failsworth (NGR: SJ 89674 99800), has
about 30 combined sewer overflows and numerous storm
water overflows (EA, personal communication 2013) and
an unknown number of surface water drains.

Due to site access and sampling safety, five sites (S1-S5)
along an altitude of 31-140 m were selected upstream and
downstream of the major wastewater treatment plant and
combined sewer overflows. The physical variable, altitude
was used by the EU’s WFD standard as a proxy for nitrate-N
concentration in European rivers and for intensity of land
use. Sites S1 and S2 were classified as upland and higher
altitudes (> 107-140 m) in the catchment and are located
above the catchment’s major waste treatment works while
sites S3-S5 are lowland and below the treatment works
with altitudes ranging from 31 to 79 m (Table 1). The sub-
strate characteristics at the river were similar but higher
percentage was recorded for stones and sand between
the study sites (Appendix Table 4).

2.2 Sampling benthic invertebrates data

Monthly samples were obtained at each study location
in the catchment between March 2013 and April 2014 in
order to obtain an accurate representation of total biodi-
versity [15] and to detect the impact of pollution. Sam-
ples were collected from each location with surface area
50 m? by using a 1 mm mesh. In a 3-min kick net sampling
[16], an additional 1-min visual search was carried out to
collect benthic invertebrates under stones that could have
been missed through kick sampling [17].

2.3 Physicochemical variables

Physicochemical variables including temperature, pH, Dis-
solved oxygen (DO), conductivity and spot samples were
obtained each month for the duration of sampling. Spot
samples obtained for suspended solids (mg/L); Biochemi-
cal Oxygen Demand (mg/L); NO5-N (nitrate-N), NH;-N
(ammonia-N) and PO,-P (phosphate-P) were analyzed by
using the Standard Committee of Analysts Publications
[18]. pH, temperature (°C), dissolved oxygen (% saturation)
and conductivity (uS cm™') were obtained by using a pre-
calibrated hand-held multiparameter water quality meter
(YSi 556 Multi probe system YSI, Yellow Springs, Ohio,
USA). River discharge (m3s™') was determined by using
the Area Ratio (AR) method [19]. Other physical variables
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Fig. 1 Map showing the sample sites (S1-S5) of the River Medlock including the River’s Gauging Station, combined sewer overflows (CSOs)
and the waste water treatment works is located above S3

Table 1 Site characteristics, Mean + standard deviation of physico-
chemical variables compared with EU WFD standards; Concentra-
tion of suspended solids was compared with Freshwater Fisheries

Directive standards. The values were interpreted as high=excellent;
very good; good; moderate; poor; very poor; bad

Variables S1 S2 S3 S4 S5 EU standards
met—yes/no

Distance (km) from source 6.6 8.5 13 16.1 17.4

Catchment Area (km?) 13.65 20.55 43.98 50.16 50.84

Average slope (%) 10.72 9.45 7.56 7.24 7.21

Altitude (m) 140 107 789 31.1 336

Dissolved oxygen (% saturation) 104.5+7.90 100+8.62 102.8+10.34 100.8+9.85 100.1+12.03 Yes, high

pH 8.0+0.44 7.8+0.29 8.1+£0.22 8.1+£0.26 8.1+£0.20 Yes, high

Temperature (°C) 9.7+3.32 9.6+3.26 10.7 £4.06 10.3+4.13 10.3+4.29 Yes, high

Conductivity (uS cm™) 484+129.92  559.7+14395 6503+149.80 684.5+153.72  693.7+154.61 Not available

Suspended solids (mg L™") 4.2+6.20 6.0+5.77 11.6+14.70 15.0+26.68 12.1+£19.78 Yes, high

Discharge (m3s™") 0.15£0.12 0.23+0.18 0.43+0.34 0.53+0.41 0.53+0.41 Not available

BOD; (mgL™") 2.0+£2.83 23+2.62 2.9+3.02 3.3+£3.20 2.3+1.32 No, moderate

Ammonia-N (mg L™") 0.4+0.55 0.5+0.52 0.6x£0.58 0.5£0.51 0.5+£0.58 No, moderate

Nitrate-N (mg L™") 0.9+1.09 1.1+£1.17 4.0+3.04 43+254 4.1+227 Not available

Phosphate-P (mg L™") 0.1£16 0.1+£0.25 0.6+0.42 0.5+0.34 0.5+0.31 No, moderate

Italic values indicate areas with high values which have also been compared with standard requirements andsown to be moderate quality

status
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including catchment area, altitude and slope were deter-
mined by information obtained from ArcGIS Geoprocess-
ing toolbox [20].

2.4 Data analysis

Ordination of benthic macroinvertebrate community data
was performed by using Non-Metric Multidimensional
Scaling (NMDS) based on Bray-Curtis similarity index.
The data was normalised by fourth-root transformation
in order to down weigh the influence of dominant species.
The stress value was used to assess the representations
of NMDS solutions according to [21]. Thus, a stress value
of <0.05 gives an excellent representation with no misin-
terpretation. The discrimination between sites was tested
using Analysis of Similarity (ANOSIM) test with R ranging
from —1 to + 1 at a=0.05. Similarity Percentages (SIMPER)
analysis, based on Bray-Curtis dissimilarity metric was
used to calculate the contribution of individual species
to similarity or dissimilarity between sites. Species-abun-
dance data were log (x+ 1) transformed prior to SIMPER
analysis and the cut off for low contributions was placed
at 90%. Physicochemical variables were analysed using the
Principal Component Analysis (PCA) in order to determine
the dominant variables across the study catchment with
presentations under two principal components (PCs). The
biological and environmental (BIOENV) analysis was used
to determine which variable(s) affected benthic inverte-
brate communities’ abundance and distribution. BIOENV
analysis was based on weighed Spearman rank correlation
coefficient (p) between the physicochemical variables and
benthic invertebrate communities. Both environmental
and biological variables were transformed and normalised
to allow comparison at the same scale. The rank with the
largest p was taken to identify the best match with the
benthic macroinvertebrate communities.

SIMPER analysis, NMDS, PCA and BIOENV were per-
formed using Primer v 6 [21]. The pollution index Whalley
Hawkes Paisley and Trigg [9] was used to determine pol-
lution scores and variation between study sites. The river
quality was classified under the EU WFD standards [22].

3 Results
3.1 Water quality status

All variables measured in the catchment indicated good
status except biochemical oxygen demand (BOD), phos-
phate-P, nitrate-N and ammonia-N where higher concen-
trations were recorded at sites S3-S5. On the basis of the
EU WFD requirement for these variables, the river was clas-
sified as “moderately polluted” (Table 1).
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Fig.2 Box and whisker plot with 25% and 75%, median, minimum
and maximum values of WHPT ASPT at study sites. S1 had higher
average score per taxon compared to other sites

Table2 Environmental Quality Ratio (EQR) for WHPT Number
of Taxa and ASPT. Expected pristine conditions for the study
NTAXA=0.8 and ASPT=1.0

Sites Altitude (m) EQR-NTAXA Status EQR-ASPT Status

S1 140 0.73 Good 0.85 Moderate
S2 107 0.63 Moderate 0.86 Moderate
S3 78.9 0.41 Bad 0.78 Moderate
S4 31.1 0.35 Bad 0.75 Poor

S5 336 0.35 Bad 0.76 Moderate

For benthic macroinvertebrates, repeated measures
one-way Analysis Of Variance (ANOVA) test was carried
out on Whalley Hawkes Paisley and Trigg (WHPT) scores
at the river (Fig. 2). WHPT Average Score Per Taxon (WHPT
ASPT) yielded a significant difference between study sites
(Fy5 24=4.6,p=0.018) and the difference was shown to be
at S1 (Post hoc Tukey). Observed results of WHPT Number
of Taxa (WHPT NTAXA) and WHPT ASPT were compared
with predicted (expected) pristine results for the study
sites when not impacted by pollution to produce the Envi-
ronmental Quality Ratio (EQR). The EQR for WHPT NTAXA
and ASPT would be 0.8 and 1.0 respectively. In comparing
the results of this river with EQR, Table 2 showed that the
number of taxa present at S1 (with the highest altitude
at the catchment) was “good’, “moderately impacted/pol-
luted” at S2 and “Bad” at sites S3-S5 (lower altitudes). The
results showed that S1 had the highest number of taxo-
nomic groups. WHPT ASPT was “moderately impacted/pol-
luted” at all sites except at S4 which was classified as“poor”.
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Therefore, on the basis of the EU WFD standard, both bio-
logical and physicochemical variables have not met the
“Good Ecological Status” expected for surface water bodies.

3.2 Community of benthic macroinvertebrates

Sampling each of the five sites resulted in a total of 3753
benthic macroinvertebrate communities representing
thirty-two families distributed across three phyla Annelida
(worms and leeches), Mollusca (Gastropods and bivalves)
and Arthropoda (insects and crustaceans). The dominant
phyla was Arthropoda which contributed 23 invertebrate
families (i.e. constituting 72% of the total benthic commu-
nity composition including insects) followed by Annelida
which made up 28% including the families of Lumbriculi-
dae and Tubificidae.

NMDS ordination of the abundance data (Fig. 3) in two-
dimensional space yielded a clear separation between the
river’s study locations (stress value of 0.24). Sites S1 and S2
sat at the top of the biplot while sites S3 to S5 were found
at the bottom. One-way nested ANOSIM yielded a signifi-
cant difference between benthic communities at the study
locations (global test R=0.194, p=0.001). Pairwise ANOSIM
test indicated that the following sites were significantly dif-
ferent: S1 and S3 (global test Rg;_g3=0.226, Ps;_s3=0.001);
S1 and S4 (global test Rg_g,=0.504, P 54=0.001);
S1 and S2 (global test Rs15,=—0.014, Ps; 5, =0.56);
S1 and S5 (global test Rg; s5=0.273, P, 55=0.004); S2
and S3 (global test R, 3=0.147, P, ;3=0.007); S2 and
S4 (global test Rg, s,=0.349, Ps, 5,=0.001); S2 and S5
(global test Rs, ¢5=0.093, P, s=0.17); S3 and 54 (global
test Rg3 5,=0.212, Ps3 5,=0.004) S3 and S5 (global
test Rg3 5s=—0.01, Pg3 55=0.52); S4 and S5 (global test

R4 s5=0.002, Pg, 55=0.45). The results showed that S1
was significantly (p > 0.05) different from other parts of
theriver.

In order to compare the results obtained from NMDS
and to provide information on the taxa groups which
caused the difference in abundance between study sites,
the SIMPER test was applied to analyse benthic macroin-
vertebrate communities. SIMPER results (Appendix Table 5)
showed the highest average dissimilarity (70.08%) to be
found between sites S1 and S4 with the top five contribu-
tor families including Gammaridae (13.4%), Heptageniidae
(10.5%), Chironomidae (10.1%), Baetidae (7.7%) and Lum-
briculidae (6.4%). Sites S1 and S5 showed the second high-
est average dissimilarity (69.63%) with top five contribu-
tor families Heptageniidae (12.1%), Gammaridae (10.1),
Chironomidae (9.95%), Baetidae (9.84%) and Tubificidae
(9.34%). Within each site (Appendix Table 6), the highest
similarity of benthic macroinvertebrate community was
found at 54 (SIMPER average similarity =45.1%) with top
five contributor families Gammaridae (37.6%), Baetidae
(36%), Chironomidae (9.6%), Erpobdellidae (4.5%) and
Tipulidae (2.8%). S5 showed the second highest average
similarity =40.4% with top four contributor families includ-
ing Baetidae (33.9%), Chironomidae (32.6%), Heptageni-
idae (19.2%) and Tubificidae (6.75%).

3.3 Physicochemical variables

Principal Component 1 (PC1) accounted for 34% of the
overall variance and was most heavily weighted on catch-
ment area, nitrate-N, phosphate-P, altitude and slope while
PC 2 accounted for 18% of the variance dominated by sub-
strates (Fig. 4a). In order to determine the physicochemical
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between the sites upstream and downstream of the
WwTW i.e. higher altitude (S1 and S2) and downstream,
lower altitude (S3-S5).

3.4 Relationship between physicochemical
variables and benthic macroinvertebrate
assemblages

Catchment area, altitude, conductivity and discharge were
the variables that significantly correlated with the benthic
macroinvertebrate communities with correlation coeffi-
cient (p)=0.274 in BIOENV analysis (Table 3). As nitrate-N
and phosphate-P concentrations were not indicated as the
major influence on the benthic communities, the results
suggest river discharge was the factor that would influ-
ence the transport of conductivity enhanced by increasing
catchment area, reduced altitude and slope which remain
unchanged at the study locations.

4 Discussion
4.1 Study sites and water quality

The sites were selected on the basis of proximity to pol-
lution point sources including the waste water treatment
works and the combined sewer overflows. In order to
determine the quality status of the river, the results of the
WHPT biotic indices and physicochemical variables were
compared with the European Union’s water quality stand-
ards, the Water Framework Directive (WFD). Each compo-
nent had “moderate ecological status” which indicated
that the river has not met the expected “Good Ecological
Status”. The outcome of the results showed a difference
between the higher altitudes, upstream (S1 and S2) sites
of the main wastewater treatment works and the lower
altitude sites downstream (S3-S5). While high phosphate-
P concentration has been reported by [13] be a challenge
in the study catchment (United Utilities, personal com-
munication, 2019), river classification based on the EU
WFD indicators may not indicate other contributory fac-
tors such as discharge, slope, altitude and catchment area

as shown by the biological and environmental analysis.
Therefore, a framework which assesses the river catchment
on a case by case basis could help in effective classification
and catchment management in the local context [23].

4.2 Benthic macroinvertebrate communities

Abundance and diversity of benthic macroinvertebrate
communities at each study location were investigated
alongside other non-sewage indicators including catch-
ment area, altitude, slope and river substrate. Due to geo-
graphical proximity (<60 km?), benthic communities were
found to be limited to a few families including Baetidae,
Chironomidae, Gammaridae, Tubificidae, Lumbriculidae
and Heptageniidae. This study showed that Ephemerop-
tera dominated the invertebrate composition mainly by
Baetidae and though in limited abundance, Heptageni-
idae was recorded at the sites. This pattern was found in
some Asian streams [3]; Leuctridae and Perlodidae were
recorded for the presence of Plecoptera while Rhyacophi-
lidae, Hydropsychidae and Limnephilidae composed the
Trichoptera. The differences between sites were linked to
differences in abundance rather than taxonomically dif-
ferent families. The dominance of Chironomidae and Tubi-
ficidae especially at the lower sections of this river have
been recorded in the past [10]. These taxa groups have
also been found to dominate some UK rivers [24-26] in
response to organic and metal [27] pollution, and other
parts of the world including Papua New Guinea streams
[2]. While the WHPT scores (NTAXA and ASPT) indicated a
significantly higher score at S1 and achieved good/mod-
erate quality status respectively, the presence and abun-
dance of pollution-tolerant Chironomidae, Tubificidae and
Lumbriculidae suggest the impact of other stressors at this
site. These taxa groups were also found in the lower alti-
tude locations (S3-S5) and other studies have found them
to dominate urban river systems [28, 29]. Therefore, the
presence of moderately pollution-sensitive Gammaridae
at the lower reaches indicates some improvement in water
quality. The combined results from the water quality meas-
urement showed that sites at higher altitude were better
in quality as demonstrated by the WHPT scores.

Table 3 Weighted Spearman’s
rank correlation using between
biotic and abiotic variables

Number of vari-

ables man'’s rank (p)

Weighted Spear-

Variables

using the BIOENV procedure 0.274

0.273
0.272
0.272
0.271

v N LG

Conductivity, discharge, catchment area, altitude, slope
conductivity, discharge, catchment area, altitude
Conductivity, phosphate-P, discharge, catchment area, altitude
Conductivity, catchment area

Conductivity, nitrate-N, discharge, catchment area, altitude

Bold value indicates the highest correlation in the analysis
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4.3 Physicochemical variables and the community
of benthic macroinvertebrates

Non-metric multidimensional scaling of the family-level
dataset showed that differences in sample locations influ-
enced the abundance of benthic communities. This was
supported by the BIOENV results which indicated that alti-
tude and slope both associated with sub-catchment areas.
Also, differences between upstream (higher altitude) and
downstream (lower altitude) locations were demonstrated
by the higher physicochemical concentrations recorded at
sites S3-S5. While this study showed differences in catch-
ment quality for altitudes between 31 and 140 m, other
studies showed differences at much higher altitudes e.g.
[2,4,30,31]. Lower altitude sites (53-S5) had higher levels
of conductivity, nutrients, ammonia-N and BOD and there-
fore suggests the impact of increased land use at these
sections [22]. The study area is part of the 3301 catchments
designated as heavily modified water bodies in England
and Wales due to modifications to the hydromorphologi-
cal characteristics and classified as having Poor Ecological
Potential [32].

Variables associated with altitude reveal local envi-
ronmental factors which determine the structure and
distribution of benthic macroinvertebrate communities
[31. A limited composition of benthic macroinvertebrates
accounted for a combination of ultimate (altitude, catch-
ment area and slope) and proximate (BOD, phosphate-P,
conductivity and discharge) factors. These factors align
with studies of benthic macroinvertebrates in Asia coun-
tries [3, 4].

Roy et al. [33] and Wang [34] found a relationship
between conductivity and benthic macroinvertebrate
communities to be related to contamination sources such
as urban runoff, sewage outfalls and effluent from point
sources. High conductivity levels is associated with high
salt concentrations in the more urbanised sections which
could impair water quality following increased nutrient
enrichment [5]. Benthic macroinvertebrate communi-
ties were also shown to be structured by increasing river
discharge. Intermittent discharges from combined sewer
overflows influence water quality variables [35].

4.4 Nature of the river sampling and drawbacks

Sampling directly from combined sewer overflows could
not be determined due to logistics and technical difficulty
and this was considered one of the major drawbacks in
this study especially as it could impact on benthic mac-
roinvertebrates communities. While the physicochemical
variables were correlated with benthic macroinvertebrates
at the family levels, this study showed some similarities
of families between the study sites. [2] indicated that
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identification of river benthic macroinvertebrates at spe-
cies level showed stronger sensitivity to physicochemical
variables and when applied on a large scale could also
improve understanding of the ecological impacts on bio-
logical communities. While surface water sampling was
carried out in this study, sampling of the sediment for
nutrient concentration could inform the state of the river
at conditions of varying flow rates.

5 Conclusion

The composition and distribution of benthic macroinver-
tebrates in this river catchment was influenced by non-
sewage related variables including altitude, conductivity,
discharge, catchment area and slope. While these variables
do not form part of the EU WFD’s classification require-
ments for surface waters, they influenced the river’s non-
achievement of “Good Ecological Status” for rivers such
as the Medlock. The lower altitude sites had higher con-
centrations of physicochemical variables e.g. phosphorus,
conductivity, BOD and ammonia-N, higher composition of
benthic macroinvertebrates within sites thereby reducing
the overall status of the river. The biotic index WHPT and
physicochemical variables showed that sites located at the
higher altitude had better water quality. A significant dif-
ference between the higher and lower altitudes suggests
that selection of sampling points could be executed on
the basis of physical variables such as altitude. The results
also showed that there were other contributory factors
which influenced benthic macroinvertebrate abundance
and distribution. This study outcome implied that compli-
ance with “Good ecological Status” for rivers such as this
would involve effective management of physical condi-
tions e.g. river flow and collaboration with interest groups.
Furthermore, river classification could be addressed on a
case by case basis especially if the objective of the strategy
is to increase the diversity and composition of the biotic
components.
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Table 4 River sediment
substrate at sites S1 to S5

Appendix

SeeTables 4, 5, and 6.

Substrate Boulders (%) Pebbles (%) Stones (%) Gravel (%) Sand (%) Silt (%)
S1 5.50 6.50 36.50 4.50 30.00 15.00
S2 10.00 4.50 39.09 6.50 28.64 12.27
S3 4.00 1.00 27.00 22.50 32.00 12.22
5S4 13.50 2.50 43.00 6.00 27.50 7.50
S5 5.63 1.43 17.50 3.75 41.88 15.63

Table 5 Average dissimilarities (SIMPER) between sites based on average abundance and percentage contribution of benthic macroinverte-

brate during study period

Average dissimilarity =62.96

S1 average abundance

S2 average abundance

Contribution %

Chironomidae
Heptageniidae
Baetidae
Tubificidae
Simulidae
Tipulidae
Lumbriculidae
Paediciidae
Ephemerellidae
Leuctridae
Lumbricidae
Perlodidae
Asselidae
Hydropsychidae
Gammaridae
Rhyacophilidae

141
1.8

1.87
0.94
0.92
0.64
0.79
0.68
0.52
0.38
0.36
0.46
0.19
0.24
0.16
0.16

1.85
1.24
2.42
0.69
0.46
0.69
0.08
0.5

0.31
0.29
0.31
0.16
0.31
0.28
0.21
0.31

11.57
10.06
9.4
8.65
6.72
6.42
5.51
5.27
5.14
448
3.53
3.53

2.8

2.67
234
231

Average dissimilarity =67.34

S1 average abundance

S3 average abundance

Contribution %

Tubificidae 0.94 1.85 11.31
Heptageniidae 1.8 0.53 10.03
Chironomidae 1.41 1.63 9.23
Baetidae 1.87 2.38 9.13
Lumbriculidae 0.79 1.12 8.55
Tipulidae 0.64 0.63 5.39
Simulidae 0.92 0.05 5.28
Asselidae 0.19 0.88 5.09
Gammaridae 0.16 0.71 4.68
Ephemerellidae 0.52 0.14 3.93
Paediciidae 0.68 0 3.88
Lumbricidae 0.36 0.19 3
Leuctridae 0.38 0 2.95
Perlodidae 0.46 0 2.76
Hydropsychidae 0.24 0.26 2.56
Erpobdellidae 0.16 0.37 2.55
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Table 5 (continued)

Average dissimilarity =65.04 S2 average abundance S3 average abundance Contribution %
Tubificidae 0.69 1.85 12.83
Baetidae 242 2.38 10.89
Chironomidae 1.85 1.63 10.31
Heptageniidae 1.24 0.53 8.06
Lumbriculidae 0.08 1.12 7.27
Tipulidae 0.69 0.63 6.33
Asselidae 0.31 0.88 6.07
Gammaridae 0.21 0.71 5.46
Paediciidae 0.5 0 33
Lumbricidae 0.31 0.19 3.26
Hydropsychidae 0.28 0.26 3.01
Erpobdellidae 0.15 0.37 29
Ephemerellidae 0.31 0.14 29
Simulidae 0.46 0.05 2.82
Rhyacophilidae 0.31 0.16 243
Leuctridae 0.29 0 1.9
Limnephilidae 0.24 0.11 1.82
Average dissimilarity=70.08 S1 average abundance S4 average abundance Contribution %
Gammaridae 0.16 2.1 13.43
Heptageniidae 1.8 0.49 10.5
Chironomidae 141 1.25 10.05
Baetidae 1.87 22 7.71
Lumbriculidae 0.79 0.45 6.4
Simulidae 0.92 0.21 5.82
Tubificidae 0.94 0.05 5.75
Tipulidae 0.64 0.5 5.29
Paediciidae 0.68 0.14 4.38
Lumbricidae 0.36 0.5 4.05
Ephemerellidae 0.52 0.05 3.83
Erpobdellidae 0.16 0.48 3.21
Hydropsychidae 0.24 0.38 3.06
Leuctridae 0.38 0 3.04
Perlodidae 0.46 0 2.82
Asselidae 0.19 0.23 2.14
Average dissimilarity =66.55 S2 average abundance S4 average abundance Contribution %
Gammaridae 0.21 2.1 15.12
Chironomidae 1.85 1.25 12.29
Baetidae 242 22 10.46
Heptageniidae 1.24 0.49 8.43
Tipulidae 0.69 0.5 6.35
Lumbricidae 0.31 0.5 4.64
Tubificidae 0.69 0.05 4.44
Paediciidae 0.5 0.14 4.07
Lumbriculidae 0.08 0.45 3.93
Hydropsychidae 0.28 0.38 3.76
Simulidae 0.46 0.21 3.75
Erpobdellidae 0.15 0.48 3.68
Asselidae 0.31 0.23 3.08
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Table 5 (continued)

Average dissimilarity =66.55 S2 average abundance S4 average abundance Contribution %
Limnephilidae 0.24 0.24 2.75
Rhyacophilidae 0.31 0.2 2.54
Ephemerellidae 0.31 0.05 2.48

Average dissimilarity=63.15 S3 average abundance S4 average abundance Contribution %
Tubificidae 1.85 0.05 12.35
Gammaridae 0.71 2.1 11.78

Baetidae 2.38 2.2 11.16
Chironomidae 1.63 1.25 10.89
Lumbriculidae 1.12 0.45 8.7

Tipulidae 0.63 0.5 6.01

Asselidae 0.88 0.23 5.91
Heptageniidae 0.53 0.49 5.06
Lumbricidae 0.19 0.5 4.51
Erpobdellidae 0.37 0.48 4.44
Hydropsychidae 0.26 0.38 3.91
Limnephilidae 0.11 0.24 2.35
Rhyacophilidae 0.16 0.2 2.09
Glossiphonidae 0.19 0.13 1.84

Average dissimilarity =69.63 S1 average abundance S5 average abundance Contribution %
Heptageniidae 1.8 0.27 12.07
Gammaridae 0.16 1.45 10.13
Chironomidae 141 1.57 9.95

Baetidae 1.87 1.93 9.84
Tubificidae 0.94 1.02 9.34
Lumbriculidae 0.79 0.5 6.96
Simulidae 0.92 0 5.78
Tipulidae 0.64 0.22 45
Paediciidae 0.68 0 433
Ephemerellidae 0.52 0 4.27
Leuctridae 0.38 0 3.49
Hydropsychidae 0.24 0.34 3.29
Perlodidae 0.46 0 3.08
Rhyacophilidae 0.16 0.36 2.85
Lumbricidae 0.36 0.09 252

Average dissimilarity =65.80 S2 Average Abundance S5 Average Abundance Contribution %
Baetidae 242 1.93 13.63
Gammaridae 0.21 145 11.78
Chironomidae 1.85 1.57 11.74
Tubificidae 0.69 1.02 10.69
Heptageniidae 1.24 0.27 9.38
Tipulidae 0.69 0.22 6.01
Lumbriculidae 0.08 0.5 418
Paediciidae 0.5 0 3.85
Hydropsychidae 0.28 0.34 3.85
Rhyacophilidae 0.31 0.36 3.58
Simulidae 0.46 0 3.03
Asselidae 0.31 0.09 2.69
Lumbricidae 0.31 0.09 2.54
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Table 5 (continued)

Average dissimilarity =65.80 S2 Average Abundance S5 Average Abundance Contribution %
Ephemerellidae 0.31 0 2.48
Leuctridae 0.29 0 2.21

Average dissimilarity =60.72 S3 Average Abundance S5 Average Abundance Contribution %
Tubificidae 1.85 1.02 15.82

Baetidae 2.38 1.93 14.14
Gammaridae 0.71 145 11.23
Lumbriculidae 1.12 0.5 9.76
Chironomidae 1.63 1.57 9.34
Asselidae 0.88 0.09 6.75
Tipulidae 0.63 0.22 55
Heptageniidae 0.53 0.27 5.16
Hydropsychidae 0.26 0.34 43
Rhyacophilidae 0.16 0.36 3.52
Erpobdellidae 0.37 0.09 3.19
Lumbricidae 0.19 0.09 2.87

Average dissimilarity =58.63 S4 average abundance S5 average abundance Contribution %
Gammaridae 2.1 1.45 14.53

Baetidae 22 1.93 13.98
Chironomidae 1.25 1.57 13.42
Tubificidae 0.05 1.02 9.18
Lumbriculidae 0.45 0.5 6.98
Tipulidae 0.5 0.22 5.8
Hydropsychidae 0.38 0.34 5.52
Heptageniidae 0.49 0.27 5.17
Lumbricidae 0.5 0.09 4.82
Erpobdellidae 0.48 0.09 4.75
Rhyacophilidae 0.2 0.36 3.92
Asselidae 0.23 0.09 2.57
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Table 6 Average abundance and similarity of organisms within
each study site with 90% cut off for lower organisms

Benthic invertebrates  Average Average  Contribution %
abundance similarity
Site 1 average similarity: 36.59
Baetidae 1.87 12.06 32.96
Heptageniidae 1.8 9.05 24.75
Chironomidae 1.41 4.62 12.62
Paediciidae 0.68 1.93 5.28
Tubificidae 0.94 1.72 4.69
Simulidae 0.92 1.55 4.23
Ephemerellidae 0.52 1.09 2.99
Lumbriculidae 0.79 1.05 2.87
Site 2 average similarity: 36.73
Baetidae 242 17.25 46.97
Chironomidae 1.85 8.77 23.89
Heptageniidae 1.24 5.1 13.88
Tipulidae 0.69 1.52 4.5
Paediciidae 0.5 0.82 2.25
Site 3 average similarity: 39.10
Baetidae 2.38 13.94 35.65
Chironomidae 1.63 8.49 21.71
Tubificidae 1.85 5.44 13.91
Gammaridae 0.71 2.82 7.2
Asselidae 0.88 2.56 6.54
Lumbriculidae 1.12 2.14 5.46
Site 4 average similarity: 45.06
Gammaridae 2.1 16.95 37.61
Baetidae 2.2 16.21 35.97
Chironomidae 1.25 4.32 9.59
Erpobdellidae 0.48 1.73 4.50
Tipulidae 0.5 1.19 2.80
Lumbriculidae 0.45 1.06 2.59
Site 5 average similarity: 40.43
Baetidae 1.93 13.71 33.92
Chironomidae 1.57 13.17 32.59
Gammaridae 1.45 7.75 19.17
Tubificidae 1.02 273 6.75

Italic values indicate the highest contributing benthic macroinver-
tebrate families to the overall average abundance for each study

site
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