
Effect of Organic Effluents on Water Quality and Benthic Macroinvertebrate
Community Structure in Njoro River, Kenya
Callen Nyaboke Aera*, Charles Mwithali M’Erimba and Kitaka Nzula

Faculty of Science, Egerton University, PO Box 536, Egerton, Kenya
*Corresponding author: Callen Nyaboke Aera, Faculty of Science, Egerton University, PO Box 536, Egerton, Kenya, Tel: +254 718 226 709; E-mail: 
callenaera@gmail.com

Received: September 03, 2018; Accepted: March 22, 2019; Published: March 29, 2019

Copyright: © 2019 Aera CN, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Abstract

Njoro River, which is the primary freshwater source for the urban and rural-based residents within its basin, has
been subjected to increasing anthropogenic pressure that threatens its ecological and socio-economic values. An
empirical study was conducted in the mid reaches of this river to determine the effect of organic effluents on water
quality and benthic macroinvertebrate community structure. Organic pollutants input into the river can lead to
immense ecosystem impairment. The effect of organic effluents on water quality was assessed in this study using a
combination of physico-chemical parameters and benthic macroinvertebrate community structure. Four sampling
sites were chosen corresponding to both diffuse and point source pollution of organic effluents. Dissolved oxygen,
conductivity, turbidity and pH were determined in situ. Water samples were collected using 500 ml acid washed
bottles before laboratory analysis for Biological Oxygen Demand, nitrogen, phosphates and Total Suspended Solids.
Benthic macroinvertebrates were sampled using a kick net (mesh size 250 µm with an effective area 0.2025 m2)
during each sampling session and identified using aquatic invertebrates identification keys. Results indicate that
effects of organic effluents were more pronounced at downstream sites compared to the upstream ones. One-Way
ANOVA indicated a significant difference in dissolved oxygen, conductivity, Biological Oxygen Demand, turbidity,
ammonium, nitrates and total phosphorus levels among the sampling sites. Benthic macroinvertebrates species
diversity was high in upstream sites with order Ephemeroptera being the most dominant taxa (51.26%) whereas
order diptera dominated the downstream sites (42.38%). Among the genus of order diptera identified downstream,
genus Polypedilum was dominant. The results from this study form baseline information in biomonitoring the Njoro
River which can be adopted at a wider scope to the existing management strategies and policies towards pollution
control and abatement in aquatic systems.
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Introduction
Freshwater ecosystems play a major role in sustaining the lives and

livelihoods of human beings. They as well provide habitat to about 6%
of the world’s total known species, 40% of the global fish species and
25% of all vertebrate species. Therefore, they are speculated to be the
most threatened ecosystems in the world [1]. With rapid increase in
human population compounded by high industrialization and
urbanization rate, larger quantities of organic waste have increasingly
been generated [2]. These organic wastes are frequently disposed into
rivers and streams from different riverine settlements particularly from
semi-informal agricultural and semi-industrial community setups
according to Fischman [3].

Water quality deterioration is the primary outcome of organic
wastes disposal which, in turn seriously threatens the freshwater
biodiversity influencing their ecological balance, normal functioning
and population dynamics [4]. Macroinvertebrates, being the main
faunal component in stream and river ecosystems, are the primary
victims of poor water quality which is indicated by their composition,
diversity and abundance [5]. It is indisputable that macroinvertebrates
can therefore serve as good biological indicators of water quality. This
is because they are abundant and ubiquitous in nature, thereby offering
a wide spectrum of observable responses to environmental changes [6].

Benthic macroinvertebrates were used in this study to determine the
effect of organic effluents on their community structure and diversity.
In tropical streams, information on the effect of organic (industrial and
domestic) effluents on benthic macroinvertebrates is scanty. Njoro
River therefore offered an excellent opportunity for study as it serves as
a receptor for both industrial and domestic effluents from Njoro
canning and Egerton university and its surroundings respectively.
Discharge of these organic effluents within and along the Njoro River
proved it to be a perturbed system. The data and information gained in
this study is targeting to enhance the existing monitoring and
implementation strategies and policies of the Njoro River towards
pollution control and abatement.

Materials and Methods

Study area
The Njoro River spans a distance of about 60 km from its source at

the native forests of the Eastern Mau Escarpment (2700-3000 m above
the sea level) to the mouth at Lake Nakuru (1759 m above the sea
level). The river’s long-term mean annual rainfall varies from 1200 mm
in the upper reaches to 800 mm at Lake Nakuru which has a tri-modal
pattern with peaks in April (biggest), August (second) and November
(smallest). The hot-dry season runs from January to March as descried
by Shivoga et al. [7]. Studies by Mokaya et al. [8] reports that the river
acts as drainage for both natural and anthropogenic pollutant inputs.
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These pollutant inputs result from agricultural activities, sewage
treatment plants and wastes from the riparian communities which
have minimal sanitation services.

Sampling design
The four sampling sites in this study were selected longitudinally on

the basis of their difference in the types of sustained anthropogenic
disturbances, ease of accessibility and presence of microhabitats (pool,
riffle and run) along the Njoro River. Little Shuru (00° 22’ 23.9’’S, 035°

55’ 02.4’’E) and Mugo (00° 22’ 32.0’’S, 035° 56’ 13.1’’E) were classified
as the upstream sampling sites as they received diffuse organic
pollutants, thus used to determine the effects of non-point source
pollution. The two sites downstream of the river; Upper canning (00°

22’ 08.5’’S, 035° 56’ 31.4’’E) and Lower canning (00° 21’ 54.7’’S, 035° 56’
24.7’’E) were selected to determine the effects of point source organic
pollutants (industrial and domestic effluents) (Figure 1).

Figure 1: Determine the effects of point source organic pollutants.

Sample collection and analysis
Water samples were collected monthly from November 2016 to

February 2017. Physico-chemical parameters; dissolved oxygen (DO),
pH, water temperature, turbidity and electrical conductivity (EC) were
measured in-situ at each study site three times a month for the four
months. EC, pH and temperature were measured using HACH HQ

40d meter while HACH HQ 11d was used to measure the turbidity.
DO concentrations were measured using HACH HQ 30d meter during
each sampling session. Triplicate water samples were collected at each
site using acid washed 500 ml plastic sampling bottles for nutrients
(SRP, TP, NO3-N, NO2-N, NH4-N) and TSS analysis. The water
samples were transported in a cool box and filtered using 0.45 µm
Whatman GF/C filters on arrival in the laboratory. The filtered samples
were refrigerated at 4°C for soluble nutrients (SRP, NO3-N, NO2-N and
NH4-N) analysis. For BOD5 analysis, triplicate water samples were
collected at each site using 500 ml acid washed BOD glass bottles for
incubation set up in the laboratory.

The analysis of Soluble Reactive Phosphorus (SRP) was carried out
in triplicates using the Ascorbic Acid method as described in APHA
[9]. On the other hand, Total Phosphorus (TP) was determined
through persulphate digestion of unfiltered water samples. This
reduced the forms of phosphorus present into SRP which was then
analyzed using the Ascorbic Acid method. Nitrate-Nitrogen (NO3-N)
was determined using sodium-salicylate method while Nitrite-
Nitrogen (NO2-N) was carried out through the reaction between
sulfanilamide and N-Naphthyl-(1) ethylendiamin-dihydrochloride.
NH4-N was determined through reaction of sodium-salicylate solution
with hypochloride solution. The absorbances for different nutrient
analysis were read using a GENESYS 10 UV scanning
spectrophotometer. The final concentrations of NH4-N, NO3-N and
NO2-N were calculated from their respective equations generated from
standard calibration curves.

Total Suspended Solids (TSS) was determined by filtering a known
volume of water samples using pre-weighed 0.45 µm Whatman GF/C
filters. The filter papers were then dried to a constant weight at 95°C
for 3 hours and cooled in a desiccator. Equation 1 was used to calculate
TSS volume as described in APHA [9].

TSS (mg/L)=((Wc- Wf) × 106) / V) Equation 1

Where, TSS=Total suspended solids (mg l-1), Wf=Weight of dried
filter paper in grams, Wc=Constant weight of filter paper + residue in
grams, V=Volume of water filtered (ml).

The amount of organic matter in water was measured as Biological
Oxygen Demand (BOD5). Water samples were filled in six (6) 500 ml
BOD bottles. Initial DO was determined in one of the bottles
immediately after water sample collection. The other water samples
were incubated for five days in a water bath thermostatically controlled
at 21°C and placed in the dark. Light was excluded by wrapping water
bottles with aluminum foil to prevent the possibility of photosynthetic
production of oxygen. The initial and final DO were determined using
the Iodometric titration procedure (Winkler method). One (1) ml of
Manganese II chloride (Reagent 1) was added to the water samples
followed by immediate addition of 1 ml sodium iodide-sodium
hydroxide solution (Reagent 2) to fix the samples. Further, 1 ml 0.5 M
H2SO4 (Reagent 3) was added to the water samples and mixed well
until the manganic oxide precipitate dissolved. Titration was done
using 50 ml of the water sample against 0.01 M sodium thiosulfate
with starch solution as the indicator. Equation 2 was used to calculate
oxygen concentration (ml O2 L-1).�2(��/�) = ((� − ������) × ��03 × ��03 × �)(���� − ������) × (�������� − �����) − ������
Equation 2

Where,
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R=Volume of thiosulfate used to titrate the sample (ml),

Rstd=Volume of thiosulfate used to titrate the Potassium Iodate
(KIO3) standard (ml),

Rblank=Volume of thiosulfate used to titrate the blank as measured
above (ml),

NIO3=Normality of standard Potassium Iodate (KIO3) (equiv./l),

VIO3=Volume of KIO3 standard (ml),

Vbottle=Volume of sample bottle (ml),

DOrgts=Oxygen added in reagents,

Vrgts=Volume of reagents,

BOD5 was calculated through the determination of the difference
between initial and final DO using Equation 3 as per APHA [5].

BOD5 (mg/L)=D1 - D2 Equation 3

Where,

D1=initial dissolved-oxygen (DO) concentration (in mg/L) in the
water sample,

D2=final DO (in mg/L) in the water sample after 5 days incubation.

Benthic macroinvertebrate samples were collected from riffle, pool
and run habitats in triplicates, using the multi-habitat sampling (MHS)
approach, at the four sites during low flow conditions according to
Moog [10]. All samples were collected quantitatively using a kick-net
sampler with an effective sampling area of 0.2025 m2 and mesh size
100 µm. The kick-net sampler was placed at the sampling points facing
upstream and sediments upstream of the sampler disturbed for one (1)
minute. The samples obtained were emptied into pre-labelled
polythene bags, fixed with 4% formalin and taken to the laboratory for
sorting and analysis to determine the community structure,
composition and abundance. In the laboratory, the samples were
washed under tap water through a series of mesh sieves (1 mm, 500
µm and 100 µm) to remove debris, stones and wash away formalin. The
sorting of benthic macroinvertebrates was undertaken using forceps
and identified to the family level following methods described by
Gerber and Gabriel [11].

Species richness was calculated using Margalef’s index (Equation 4)
as described by Chakravorty et al. [12]. Species diversity was obtained
from Shannon-Wiener Index (Equation 5). Species evenness and
species similarity were calculated using Shannon's Equitability index
(Equation 6 and 7) and Sorensen's coefficient of community similarity
respectively (Equation 8).

Margalef’s index=S-1/ ln (n) Equation 4

Where,

S=number of taxa,

n=number of individuals.

�′ = ∑�� ln �� �ℎ��� �� = ���  Equation 5

Where,

H´=Shannon-Weinner diversity index,

Pi=relative abundance of each species,

ni=number of individuals in each species,

N=total number of all individuals.

EH=H´/ Hmax Equation 6

Where,

H΄=Shannon-Weinner diversity index.

Hmax=H´/ln S………………………...…………Equation 7

Where,

S=total number of species in the community,

CC=2c/ (S1+ S2+ S3+ S4) Equation 8

Where,

c=number of species common to both communities,

S1=number of species of community 1,

S2=number of species in community 2,

S3=number of species in community 3,

S4=number of species in community 4.

Descriptive statistics presented as means and their standard
deviations were used to summarize the data characteristics. One-way
Analysis of Variance (ANOVA) and Tukey’s post hoc test were used to
test for significant differences in physico-chemical parameters and
benthic macroinvertebrates abundance among study sites. All
statistical procedures were performed using SPSS and PAST statistical
software. The data was log (x+1) transformed to meet the normality
test. All significant tests were performed at α=0.05 level.

Results

Physico-chemical water quality parameters
Mean values for physico-chemical variables obtained in Njoro River

are presented in Table 1. DO concentrations differed significantly
among the sites (one-way ANOVA, F(3,116)=4.811 p<0.01) with a
gradual decline from Little Shuru to Lower Canning. The highest mean
DO concentrations were recorded at Little Shuru with Lower Canning
recording the lowest concentrations (Tukey HSD, p<0.01). Contrary to
DO, Lower Canning showed the highest mean BOD5 values among the
study sites (Turkey HSD, p<0.01) with Little Shuru having the lowest.
Thus, BOD5 values among sites was statistically significant (one-way
ANOVA, F(3,116)=3.60, p<0.05). Conductivity values among sites was
statistically highly significant (one-way ANOVA, F(3,116)=6.12, p=0.01).
Lower canning recorded highest mean conductivity (Turkey HSD,
p<0.01), while the lowest was recorded at upstream Little Shuru site. A
significant difference was observed in turbidity values among the sites
(one-way ANOVA, F(3,116)=5.03, p<0.01). Lower canning had the
highest turbidity mean values among the study sites, with Little Shuru
and Mugo recording the lowest values (Turkey HSD, p<0.01). The TSS
mean values ranged between 21.72 ± 4.67 to 29.92 ± 6.65 mg/L with
Lower Canning recording the highest mean value. However, no
significant difference was observed in the TSS values among the four
study sites (one-way ANOVA, F(3,116)=0.46 p>0.05). Water
temperature values showed a highly significant difference among the
study sites (one-way ANOVA, F(3,116)=9.67 p<0.001). The highest
mean water temperature was recorded at the Lower canning (Turkey
HSD, p<0.01) with Little Shuru recording the lowest values. The pH
values among the study sites ranged between 8.0 and 8.10 with no
significant difference observed among the study sites (one-way
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ANOVA, F(3,116)=0.97, p>0.05). The highest nutrient concentrations
were obtained at Lower Canning, with Little Shuru having the lowest
(Table 1), with significant spatial variations being observed (P<0.05).
The Ammonium (NH4

+-N) and Nitrates (NO3-N) concentrations were
statistically significant among study sites (one-way ANOVA,
F(3116)=3.57, p<0.05 and F(3 116)=9.60, p<0.001 respectively). No
significant difference in the NO2--N values among the four study sites

(one-way ANOVA, F(3,116)=1.37, p>0.05). The total phosphorus (TP)
and soluble reactive phosphorus (SRP) concentrations were
significantly different among sampling sites (one-way ANOVA,
F(3116)=11.40, p<0.001 and F(3116)=4.33, p<0.01 respectively with
Lower canning having the highest TP and SRP values. (Turkey HSD,
p<0.001 and Turkey HSD, p<0.001 respectively).

Parameter Organic effluents non-impacted sites Organic effluents impacted sites

Little Shuru Mugo Upper Canning Lower Canning P-value

DO (mg/L) 8.29 ± 0.88 8.16 ± 0.90 7.99 ± 0.08 7.87 ± 0.08 0.003

BOD5 (mg/L) 1.74 ± 0.08 2.05 ± 0.89 2.14 ± 0.90 2.48 ± 1.07 0.016

EC (μS/ cm) 125.73 ± 4.81 135.24 ± 5.031 145.29 ± 5.83 159.14 ± 7.14 0.001

Turbidity (NTU) 30.11 ± 2.11 31.69 ± 2.187 34.75 ± 2.07 48.18 ± 6.35 0.003

TSS (mg/L) 21.72 ± 24.26 25.67 ± 22.93 25.78 ± 18.73 29.92 ± 34.53 0.720

Temperature (°C) 15.33 ± 0.37 16.65 ± 0.41 17.83 ± 0.52 18.81 ± 0.60 >0.001

pH 8.09 ± 0.12 8.31 ± 0.14 8.25 ± 0.05 8.10 ± 0.11 0.410

NH4⁺-N (μg/L) 5.46 ± 0.86 7.86 ± 2.31 12.78 ± 2.43 17.98 ± 4.76 0.033

NOз⁻-N (mg/L) 17.66 ± 2.12 25.13 ± 2.84 29.77 ± 3.22 42.78 ± 4.83 >0.001

NO₂⁻-N (μg/L) 12.47 ± 2.24 13.67 ± 1.27 15.10 ± 2.28 19.91 ± 4.39 0.256

SRP (μg/L) 54.26 ± 6.21 77.36 ± 10.66 136.55 ± 21.99 216.12 ± 30.11 0.006

TP (μg/L) 53.48 ± 6.40 87.8 ± 12.72 334.77 ± 71.60 397.82 ± 72.10 >0.001

Table 1: Physico-chemical variables measured in the Njoro River study sites based on absence and presence of organic effluents discharge between
November 2016 and February 2017. Bolded figures are means ± SE, n=27.

Benthic macroinvertebrate species diversity and abundance
Benthic macroinvertebrate collected from different sites along River

Njoro comprised of 10 orders and 18 families.

Figure 2: Percent composition of the dominant benthic
macroinvertebrate taxa in Njoro.

Order Ephemeroptera and Diptera formed the dominant taxa,
contributing 51.26% and 42.38% respectively of the total benthic
macroinvertebrates obtained (Figure 2).

Macroinvertebrate densities collected from Little Shuru and Mugo
study sites ranged between 429.8-458.1 individuals m-2 whereas those
from Upper and Lower Canning ranged between 469-663.2 individuals
m-2 (Table 2). No significant difference was observed in abundance of
benthic macroinvertebrates among the sites (one-way ANOVA,
F(1,69)=0.206 p>0.05). Order Heptageniidae was most abundant at
Little Shuru while Order Chironomidae dominated Mugo, Upper and
Lower Canning as depicted in Table 3.

Taxonomic groups

Organic
Effluents

Site a b c d e f

Absent Litle Shuru 96.25 111.95 16.0
5

28.7
4

137.8
8

38.9
1

 Mugo 141.6
3

74.37 31.0
1

82.0
7

69.88 59.1
1

Present Upper Canning 185.0
4

107.1
6

23.2
6

72.6
9

44.59 36.2
5
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 Lower Canning 336.2 151.5
1

12.5
9

42.7
2

90.72 29.4
8

Table 2: Densities (m-2) of the major macroinvertebrate taxonomic
groups in the selected study sites in Njoro. a- Chironomidae, b-
Baetidae, c- Simuliidae, d- Caenidae, e- Heptageniidae, f- others.

Site a b c d e f Total
(%)

Litle shuru 22.39 26.04 3.73 6.69 32.08 9.05 100

Mugo 30.92 16.24 6.77 17.92 15.25 12.9 100

TOTAL 53.31 42.28 10.5 24.61 47.33 21.95

Upper canning 39.45 22.85 4.96 15.5 9.5 7.73 100

Lower canning 50.69 22.84 1.9 6.44 13.68 4.44 100

TOTAL 90.14 45.69 6.86 21.94 23.18 12.17

Table 3: Relative abundance of the major macroinvertebrate groups
that dominated the study sites along the Njoro River. a- Chironomidae,
b- Baetidae, c- Simuliidae, d- Caenidae, e- Heptageniidae, f- others.

Illustrations in Table 4 indicates that Little Shuru had the highest
diversity index and mean species richness among the four sites.
Although high abundance was recorded at Lower canning, the
diversity and species richness were low at this site. The diversity of
benthic macroinvertebrate did not differ significantly among the study
sites. (t=1.36, df=18, p=>0.05). Shannon's Equitability index showed
that Little Shuru had the lowest benthic macroinvertebrates
distribution as compared to the other sites. Similarities between
benthic macroinvertebrate communities from different sampling sites
were recorded at 0.39.

Sampling site Margalef
richness index

Shanno
n index
(H’)

Equitability
index (E)

Sorensen's
coefficient

Little Shuru 1.97 1.98 0.67 0.39

Mugo 1.75 1.72 0.61

Upper canning 1.54 1.73 0.64

Lower canning 1.47 1.43 0.53

Table 4: Species richness, diversity, evenness and similarity indices of
benthic macroinvertebrates in Njoro River.

Discussion

Physico-chemical variables along the Njoro River
All the four investigated sites of the Njoro River showed water

quality deterioration. Results indicate significant difference in DO
concentration among these sites. This infers increased biodegradation
of organic waste coupled with reduced water velocity, hence lack of
turbulent water movements due to the river damming at Upper and
Lower canning. These findings showed similarity to studies conducted
by Raburu and Okeyo-Owuor [13] in Nyando River where dissolved
oxygen was lower in stations located downstream of organic effluent
discharge points. This is confirmed by high BOD concentrations

recorded at Upper and Lower Canning probably as a result of
accumulation of organic materials due to continuous influx and
deposition of wastewater into the river. Consequently, resulting to
reduction of oxygen content as explained above. This observation is in
agreement with the findings by Mokaya et al. [8] who reported values
between 12-125 mg/L in areas of wastewater influent in the Njoro
River. Emere and Nasiru [14] classified rivers and streams based on
BOD levels as unpolluted (BOD<1.0 mg/L), moderately polluted
(BOD<2-9 mg/L) and heavily polluted (BOD>10 mg/L). Based on the
above classification, all the study sites along the Njoro River could be
placed under moderately polluted according to this study.

The significantly higher conductivity at the Lower Canning
compared to the other sites, can be attributed to combined effect of
organic wastes discharged probably from neighboring Egerton
University and Njoro Canning, also indicated by low DO and high
BOD, TSS and turbidity. Emere and Nasiru [14] reported that
accumulation of suspended solid in aquatic systems reduce water
transparency, effectively impacting on primary productivity, thus
affecting benthic macroinvertebrates. Anyona et al. [15] further
illustrates that high concentration of suspended solids cause damage to
exposed respiratory organs of benthic macroinvertebrates resulting to
their dislodgment. Suspended solids can equally destroy critical
habitats by settling at the substrate of the water body, forming a
blanket over critical spawning and breeding ground. The resulting
outcome is disruption of species cycle hence, low diversity and
composition.

The high nutrient concentrations observed at Upper and Lower
canning could be attributed to decomposition and degradation of
organic matter discharged into the river. The high concentration of
NO3--N recorded at all sampling points along the river is attributed to
destruction of the riparian vegetation by man and livestock thus high
run-off from the agricultural fields and other human activities in the
catchment. Thus, discharge of untreated organic effluents combined
with nitrogen transformation and transportation have resulted to
elevated NO3--N concentrations at Lower Canning. The relatively high
DO levels along the sampling sites explain the low NO2--N
concentrations recorded. Emere and Nasiru [14] reported that for
nitrate reduction to take place, the DO concentrations should be
maintained below 0.5 mg/L. All sampling sites had concentrations
above this threshold value which may have contributed to equally high
levels of NO3--N.

High SRP and TP concentrations recorded at Lower Canning
almost 4 and 7-fold respectively compared to the other three sites
could be attributed to discharge of phosphate-containing-detergent
effluents into the river as a result of clothes and vehicles washing.
Equally, the use of mineral fertilizers and manure used in agriculture
and diffuse sewage effluents from the adjacent settlements (i.e,
Njokerio) with minimal sanitation facilities, effluents from Egerton
and Njoro canning could have led to the elevated levels of phosphates
at this site [16].

The general inference that could be drawn from the nutrient results
was that the whole river area under study was polluted according to
WHO [17] standards (Table 5). Nutrient enrichment in this river is
thus attributed to be one of the main causes of stream impairment
imposing severe threats to ecosystem structure and function.
Consequently, as Adeogun and Fafioye [18] reported, nutrients’ direct
impacts as increase of autotrophic production and change of species
assemblages as well as accelerating litter breakdown rates by bacteria
and fungi. (Alkharkhi et al. [19] reported that, nutrient concentrations
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increase destabilization of the primary producer assemblage and water
chemistry and consequently a shift in macroinvertebrate communities
from sensitive species to more tolerant, often non-native species.
Therefore, causing alteration in the food web resulting to changes in
ecosystem function. Additionally, Davinson et al. [20] explained that
high nutrient levels can have adverse effects by making drinking water
toxic especially when nitrate concentration are high (>10 mg/L).

Parameter WHO Limit (2004)

pH 6.5-8.5

T (°C) 15

EC (µS/cm) 750

NH4
+(mg/L) 0.2

NO3
-(mg/L) 10

Table 5: Summarized World Health Organization water quality
standard values.

Benthic macroinvertebrates composition, abundance and
diversity along the Njoro River

Ten benthic macroinvertebrate orders comprising of eighteen
families were encountered along Njoro River. In comparison with
previous studies in the Kenyan lotic systems, the ten orders recorded
were relatively low for the Njoro River [6,21,22]. The composition and
species diversity results obtained in this study were in agreement with
studies reported in almost similar tropical streams in parts of Africa.
For instance, in Southern urban stream in Zimbabwe [23] and Zaria
river in Nigeria [24].

The Order Ephemeroptera dominated Little Shuru while family
Chironomidae, which is pollution tolerant taxa, dominated the order
Diptera density at Mugo, Upper and Lower Canning. The low
abundance of family Chironomidae at the Little Shuru indicates clearly
the effect of increased pollutants production and discharge on water
quality at the downstream sites. The dominance of pollution tolerant
taxa (Chironomidae) over the sensitive and non-tolerant taxa at these
downstream stations could be a pointer to poor water quality
particularly at Upper and lower Canning. This is similar to findings by
Masese et al. [6] who established that pollution and excessive nutrient
enrichment from anthropogenic sources can affect benthic
macroinvertebrates ’  habitats hence, change in their community
structure and composition. Anyona et al. [15] also reported that
continuous exposure of benthic macroinvertebrate to pollution,
changes their species composition in response to the magnitude,
duration and frequency of the pollutants and level of human
disturbance.

Family Chironomidae exemplify the characteristics of tolerant
species to extreme environmental changes [25]. They have the ability to
reproduce quickly and in large numbers and are highly diverse [26].
They compete with other benthic organisms for food and are capable
of thriving in low resource, otherwise undesirable locations [27-30]. Its
prominence in this study is similar to many tropical assemblages
reported by other researchers like Fritz and Dodds [31] and Johnson et
al. [32] in other aquatic systems. Polypedilum sp. showed its peak at
the Lower Canning which exhibited low DO indicating high organic
matter discharge from the surroundings probably from Egerton
University, Njoro canning as well as input from domestic animals

during watering. The results clearly indicate deterioration of water
quality at this part of the river. However, prominence of Polypedilum
sp. has been reported by Emere and Narisu [14] to dominate benthic
macroinvertebrate communities in an urbanized Kaduna stream in
Nigeria since they don’t show habitat restriction.

This study exhibited a low Shannon–Weiner diversity index values
of 1.43-1.98 indicating an overall low diversity of benthic
macroinvertebrates along the Njoro River. In comparison to results
obtained by Kibichii et al. [33] in studies carried out in the same
system, there is a clear shift of benthic macroinvertebrates abundance
from pollution sensitive taxa to pollution tolerant taxa. This indicates
that organic pollution resulting to excessive nutrient enrichment from
anthropogenic sources can affect benthic macroinvertebrates’ trophic
relationships as well as their habitats and thus change their
composition and diversity. Adakole and Annune [24] established that
changes in physico-chemical parameters disrupts macroinvertebrates’
life and reproductive cycles, impact on food chain and migration
patterns as well as stressing them physiologically. Magurran [25] also
reported that continuous exposure of benthic macroinvertebrate to
pollution, changes their species composition in response to the
magnitude, duration and frequency of the pollutants and level of
anthropogenic disturbance. However, two families are worth noting,
Potamonautidae and Pyralidae which are pollution sensitive species,
appeared only in upstream sites (Little Shuru) giving a clear indication
of the impact of increased anthropogenic activities within the basin on
water quality of the Njoro River.

Conclusion
It is evident that the Njoro River is highly impacted by increased

anthropogenic activities leading to organic effluent discharge.
Discharged organic wastes has contributed to water quality
deterioration. Evidence is shown by change in physico-chemical water
quality parameters which resulted to changes in macroinvrtebrtes
species diversity and composition. Consequently, triggering
dominance of pollution tolerant Polypedilum sp. along the lower study
sites. These results clearly show the impact of increased anthropogenic
activities within the Njoro River basin particularly on water quality.
The results obtained in this study demonstrates that, a compromised
aquatic ecosystem will not only change the aquatic fauna’s community
structure but also inhibit important ecological processes including the
natural self-purification capability. There is therefore an urgent need to
protect the Njoro River water resource through maintenance of
ecological integrity by controlling anthropogenic activities, protection
of the river channel and its basin coupled with increased public
education and awareness in regard to environmental integrity.
Therefore, a management strategy and implementation of policies
towards pollution control and abatement in Njoro River should
become a priority for all stake holders.
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