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Introduction
Benthic macroinvertebrates are one of the key components 

of lake ecosystems [1]. They form an important link between 
primary producers, detrital deposits, and higher trophic levels 
in aquatic food webs [2]. Hence, any environmental changes 
in lakes, for example in nutrient concentrations, would be 
reflected by changes in the structure of the benthic invertebrate 
community. This means that benthic invertebrates may 
potentially indicate eutrophication, as planktonic communities, 
but in addition several other modes of lake degradation. In 
consequence, the more holistic assessment based on benthic 
invertebrates is expected to result in different classifications 
than that based on planktonic communities, especially for 
lakes subjected to multiple impacts [3]. The structure of the 
benthic communities in an aquatic ecosystem reflects its 
ecological conditions, including habitat heterogeneity and water  
quality [4,5]. The use of benthic invertebrate communities 
as indicators of environmental degradation or restoration 
has become widespread and reliable for bioassessment  

 
since the benthos broadly reflect environmental conditions 
[6]. Among the biological communities that are considered 
bioindicators of water quality, the most commonly used are the 
benthic macroinvertebrates [7,8], because they have several 
characteristics that make them easy to study and show clear 
responses when faced with adverse environmental conditions.

Different groups of macroinvertebrates are excellent 
indicators of human impacts, especially contamination [9]. Most 
of them have quite narrow ecological requirements and are very 
useful as bioindicators in determining the characteristics of 
aquatic environments [10], to identify the segments of a polluted 
river where self-purification of organic inputs is under process 
[11]. The littoral zone of lakes plays a crucial and dynamic 
role in regulating the flows of nutrients and materials from 
the watershed. In this lake zone, benthic invertebrates take an 
intermediary position between primary producers and microbial 
decomposers on one side and vertebrate predators (mainly fish) 
on the other side. Hence, the energy flow to the pelagic depends 
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also on a well-functioning benthic energy channel from the 
littoral. Notably, changes in any ecosystem process are potentially 
reflected by related changes in the structure (abundance and 
species composition) of the benthic invertebrate assemblages. 
Hence, lake assessment based on benthic invertebrates conveys 
crucial information on the ecological status of a lake ecosystem 
which is not reflected by planktonic organisms. Moreover, benthic 
invertebrates mostly respond to eutrophication pressure, as 
phytoplankton, neglects the fact that many lakes are subject to 
other significant human impacts. This means that the ecological 
integrity of lakes cannot be assessed by solely surveying 
phytoplankton. Hence, an assessment system based on benthic 
invertebrates could effectively indicate multiple pressures. 
Benthic macroinvertebrates are considered as good indicators 
of local scale conditions, like in case of Lake Tinshu Abaya. This 
study was, therefore, designs to inventorize the diversity of 
benthic macroinvertebrate communities in the littoral zone of 
Lake Tinishu Abaya to assess the ecological condition of the lake, 
which the region has been strongly modified by human activities.

Materials and Methods 

Study Area
Lake Tinshu Abaya is a small freshwater lake located in 

the Rift Valley nearly 160 km southwest of Addis Ababa, which 
is the capital city of Ethiopia. It located at 7°29´03.65´´N, 
38°03`17.79´´E, and 1835 m above sea level. The lake is situated 
in a remote area 15 km from a small village in the township 
of Silttie. It is a shallow lake, having a surface area of 1253 ha 
[12], with a maximum and a mean depth of 3.7 m and 2.9 m, 
respectively. During this study, two major perennial rivers 
(Rivers Dacha and Boboda) and a single outlet (River Badober) 
were always active. The former two rivers are relatively 
big. The lake has some commercially important fish species 
including the native Tilapia zilli and Barbus species, while Nile 
tilapia (Oreochromis niloticus), was stocked from the nearby 
Lake Ziway in 1997. The lake has nearly an oval shape (Figure 
1). The lake has some commercially important fish species 
including the native Tilapia zilli and Barbus species, while Nile 
tilapia (Oreochromis niloticus), was stocked from the nearby 
Lake Ziway in 1997. The major phytoplankton taxa which were 
recorded in Lake Tinishu Abaya includes Bacillariophyceae 
(diatoms), (green algae), Cyanobacteria (blue-green algae), 
Euglenophyceae, Dinophyceae, and Cryptophyceae [13]. The 
zooplankton communities which were found in Lake Tinishu 
Abaya were the large body-sized microcrustaceans (copepods 
and cladocerans) and the smaller rotifers, and of whom rotifers 
are more diverse than the cladocerans and copepods [14]. 

The study of Yirga & Brook [15] water quality assessments 
of Lake Tinishu Abaya for multiple designated water uses, 
showed that the various physicochemical factors responsible 
for the temporal variations in the physical, chemical and 
biological features of the lake were discussed and generalized 
that the lake water was well oxygenated, slightly warm, alkaline, 

contained more TSS, and EC, very turbid and low transparency. 
The lake water was fresh based on TDS value. Most of the 
inorganic nutrients were relatively higher and supports most 
aquatic lives. Based on the results of the study on various 
physicochemical factors, photosynthetic productivity and 
biomass of phytoplankton, Yirga & Brook [16] concluded that 
the water of Lake Tinishu Abaya was chemically and biologically 
productive and it supports the survival of most of the aquatic 
lives, production of fish, and other related multidimensional 
uses. The lake is a source of livelihood and supports many 
socioeconomic activities. Irrigation, human consumption, and 
recreation are among others. It is also a corridor of different bird 
species and other microscopic organisms. Whereas this lake is 
critical for social welfares in one or another way, it is not given 
attention and totally unnoticed from limnological surveys. This 
may be primarily due to its remote location and having small 
size compared to other rift valley lakes of Ethiopia.

Description of Sampling Sites 
General features of the lake were observed along with 

five sampling stations were defined: the lake has two feeder 
rivers one from the northern corner (Dacha River) and the 
other is on the southern corner (Bobodo River). Two of the 
macroinvertebrates sampling sites were in these feeder river 
sides (i.e., Dacha riverside site and Bobodo riverside site). River 
Badober is relatively a mall river which served as an outlet for 
the lake, particularly, when water volume increases during the 
rainy period. The third sampling site was found in this outlet 
riverside of the lake (i.e., Badober riverside site). The fourth site 
was found in the main gate towards the lake (i.e., Main gate side 
site). In this site, many shoreline modifications were carried 
(e.g., small irrigation, a demonstration site for seedling, water 
fetching, domestic waste disposal, and other related wastes). 
The last sampling site is considered as a Reference site. This site 
is in the surroundings of relatively pristine, as it is protected by 
the natural rim, and not suitable for agricultural activities, which 
protected it from impairment by human activities. The physical 
features of the sampling sites are summarized in Table 1. 

Sampling Protocol
Benthic macroinvertebrates samples were collected from all 

the five predefined sampling stations (Table 1) in six sampling 
periods during the dry (March to May 2017) and rainy seasons 
(June to August 2017). The benthic macroinvertebrates were 
collected from the littoral (sampling depth: 0.25-0.5 m) using 
standardized kick sampling with a hand D-net (28cm x30cm in 
diameter) with a horizontal transect (up to 50 m) from the shore 
towards the lake when the lake depth less than 0.5m and a diagonal 
transect when the lake depth greater than 0.5 m. To maintain the 
consistency of sampling effort, a sample was obtained within 10 
minutes at each site with 3 replicas. The collection of benthic 
macroinvertebrates were carried out based on Ontario Benthos 
Biomonitoring Network Protocol Manual [17]. The collected 
animals were washed and separated from sediment using 500 
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µm sieves and they were stored in plastic bags, fixed with 5% 
formaldehyde, and transported to the Limnology Laboratory of 
Addis Ababa University for further analysis. In the laboratory, 
the macroinvertebrates were wash and sorted, and identified 
to the lowest possible taxonomic resolution (family level) 
under a stereo microscope) using keys by Edmondson [18], 
Gooderham & Tysrlin [19], and Bouchard [20]. The identified 

macroinvetrebrates were counted and the diversity, number 
of individuals and distribution patterns were determined for 
specific metrics and correlated with various physicochemical 
variables. The various physicochemical parameters which were 
responsible for the diversity and abundance of the benthic 
macroinvertebrates were also measured using standardized 
method.

Table 1: Description of benthic sampling sites along Lake Tinishu Abaya.

Site GPS location Description

Dacha 
riverside  
(site 1)

N 07057’ 220’’ Along this site, Dacha River (feeder river for Lake Tinishu Abaya) is present in the northern bend. The Dacha 
river carries organic matter and domestic wastes from the Gurage Highlands, and it ends up in Lake Tinishu 
Abaya. Along the site, there is an evidence of high erosion and siltation. However, there is good coverage of 

littoral macrophytes. The site is considered as highly impaired/disturbed.

E 0380.20’ 938’’ 

1817 m a.b.l

Bobodo 
riverside                   
(site 2)

N 07055’ 396’’ Along this site, Boboda River (feeder river for Lake Tinishu Abaya) is present in the southern bend. There is 
high sediment-laden from the south corner via river Boboda. Along this site, seasonal crop production (e.g. 

maize, tomato, chilli) is taken place and thus there is a high probability of organic pollution. But there is 
relatively good coverage of littoral macrophytes. The site is considered as highly impaired/disturbed

E 0380 22’ 237’’

1819 m a.s.l

Badober 
riverside 
(site 3)

N 07055’397’’
Along this site, Badober River (serves as an outlet of Lake Tinishu Abaya) is present in the Northwest 

direction. This site is usually used as grazing field for livestock. There are no aquatic macrophytes, except 
garss cover at the site and hence the site is relatively considered as low/minimally disturbed.

E 038022’241’’

1821 m a.s.l

Main gate 
side (site 4)    

N 070 57’234’’ This site is found in the main entrance road to get to gate Lake Tinishu Abaya. The site is an indication of high 
shoreline modification. Different human activities are carried out. Predominantly bathing, watering cattle, car 
washing, swimming, water fetching, and recreation among others are taken place. In the upper side of the site, 
extensive irrigation takes place. Fertilizers and pesticides used for crop development in the watershed of this 
site. The surrounding area has a gentle slope towards the lake which is exposed for wind and runoff erosion. 

The site is without macrophytes and it is stony. The site is considered as highly disturbed.

E 0380 22’ 637’’

1823 m a.s.l

Reference  
(site 5)

N 070 58’234’’ This sampling site is minimally affected by humans as compared to the other sites. It is protected by a natural 
a cone shaped rim. Since the location is mountainous, domestic cattle and humans do not easily access it and 
thus no agricultural activates are carried out and relatively organic and domestic wastes do not enter it. This 

site is also sheltered by afforestation (e.g. Eucalyptus tree) with less shoreline modifications. Although the 
macrophte coverate is low, the shoreline is covered by grass creating a sort of buffering system for the river. 

The site is considered as minimal disturbed and relatively pristine.

E 0380 22’ 628’’

1821m a.s.l

Benthic Macroinvertebrate Diversity Metrics 
Benthic macroinvertebrate metrics measure different 

components of the community structure and have different 
ranges of sensitivity to stress. Therefore, it is recommendable 
to use several metrics because an integrated approach provides 
more assurance of a valid assessment Klemm et al., [21]. In the 
present study, the biotic Hilsenhoff Family-level Biotic Index 
(HFBI), Total number of taxa (Family level Richness), Percentage 
Dominant taxa (% DT), Percentage Chironomidae (%CHIR), 
Shannon Diversity Index (SDI), and Percent Ephemeroptera, 
Index (%E) were applied.

Hilsenhoff Family-level Biotic Index (H-FBI)
This biotic index is calculated by multiplying the number 

of individuals of each family by an assigned tolerance value, 
summing these products and dividing by the total number of 
individuals Bouchard [21]. Each family is given a score between 
0-10 depending on its tolerance to low dissolved oxygen level 
and has only been evaluated for organic pollutants Bode et al., 
[22]; Bouchard [20] Those taxa that are least tolerant to pollution 
(such as mayflies and stoneflies) are given the lowest scores of 

H-FBI Mason [23]. High HFBI values are indicative of organic 
pollution, while low value indicative of clear-water conditions. 
The Hilsenhoff Family-level Biotic Index (H-FBI) was calculated 
as equation 6.1 below. 

(   ti) /H FBI Xi n− = ×∑  ......................................eq 1

Where Xi is a few individuals within the taxon, ti is the 
tolerance value of a tax on, and n is the total number of organisms 
in the sample. According to Hilsenhoff [24], HFBI values of 
0-3.75 indicate excellent water quality while 3.76-4.25, 4.26-5, 
5.01-5.75,5.76- 6.5, 6.51-7.25, and 7.26-10 indicate very good, 
good, fair, poor, poor and very poor water quality, respectively. 

Total Number of Taxa (TR)/Family Level Richness 
(RICH) 

Taxa richness is used as an indicator of habitat quality. 
This metric is the measure of community’s diversity, number 
of different families found in samples of each site. Reductions 
in community diversity have been positively associated with 
various forms of environmental pollution, including nutrient 
loading, toxic substances, and sedimentation. Generally, taxa-
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richness increases with increasing water quality, habitat 
diversity, and habitat suitability [25]. 

Percentage Dominant Taxa (% DT)
Percent DT is the percent contribution of the most 

numerous families, and measures community balance, or 
evenness of the distribution of individual families of the sample. 
A community dominated by relatively few species would 
indicate environmental stress. A high percent contribution by 
a single taxon indicates community imbalance. The index uses 
abundance of the numerically dominant family relative to the 
rest of the population as an indication of community balance, i.e., 
dominant taxa greater than 35% indicates poor water quality, 
between 25% and 35% indicates fair water quality, and less than 
25% indicates good water quality.

Percentage Chironomidae (% CHIR)
It is a diversity measure for which the percentage of 

chironomids from the sample is calculated. The percentage 
of Chironomidae tends to increase with a decrease in water 
quality because chironomids tend to be very tolerant of nutrient 
enrichment or pollution condition [4].

Shannon Diversity Index (SDI) 
The SDI is a diversity index that combines taxa richness and 

community balance (evenness) to characterize species diversity 

in a community. The combination of abundance and richness in 
SDI is designed to indicate the state of the macro invertebrates’ 
communities Rosenberg & Resh [26]. A community with only a 
few taxa or with a few abundant taxa has low SDI. On the other 
hand, a community exhibits high diversity (high SDI) if many 
taxa with equal or nearly equal numbers are present. A high SDI 
indicates good benthic habitat and non-impacted water quality. 
Benthic macroinvertebrate dynamics of Lake Tinishu Abaya 
were also examined using the Shannon index as: 

' ( / ) ln  ( / )H ni N ni N=∑
Where H’ is the Shannon-Weaver diversity index, ni is the 

abundance of species i, and N is the total number of individuals 
in the community. 

Statistical Analysis
The relationships between the occurrence of benthic 

macroinvertebrates and significant physicochemical divers 
were analyzed using constrained Redundancy Analyses (RDA, 
CANOCO for Windows 4) using past software indicated by 
Leps & Smilauer [27]. The spatiotemporal variation of the 
environmental regulations and benthic communities was 
analyzed using two-way analysis of variance (ANOVA). SPSS 
software package version 20 was used for ANOVA analysis. 
Statistical significance was set at P = 0.05. 

Results 
Physicochemical Factors
Table 2: Physicochemical variables at different benthic macroinvertebrate sampling sites: Temperature (oC), DO (mg/L), Turbidity (NTU), 
Conductivity (µS/cm), Nutrients (µg/L)

Sampling sites Season
Physicochemical variables: mean values

Temp DO PH Cond Turb NO2 NO3 SRP TP

Dacha riverside

Dry 25.53 5.99 7.37 236.33 161 0.72 1.12 0.05 0.43

Wet 29.3 5.34 7.3 210 196.33 0.94 1.16 0.61 1.49

Mean 27.42 5.67 7.34 223.17 179.8 0.8 1.15 0.33 0.96

Bobodo riverside

Dry 24.7 6.73 8.12 274 136.3 0.45 0.29 0.49 1.21

Wet 24 7.47 8.3 196.7 208 0.77 0.42 0.49 1.22

Mean 24.35 7.1 8.21 235.35 172.15 0.61 0.355 0.49 1.22

Badober riverside

Dry 21.7 7.3 8.26 172.67 122.83 0.43 0.93 0.07 0.55

Wet 22.85 7.19 8.22 184.5 120.75 0.43 0.88 0.07 0.53

Mean 22.28 7.245 8.24 178.59 121.79 0.43 0.91 0.07 0.54

Main gate side

Dry 24.3 8.24 8.64 400.33 70.33 0.83 1.3 0.62 1.09

Wet 23.2 7.39 8.34 206.17 207 1.21 1.26 0.77 1.66

Mean 23.75 7.815 8.49 303.25 138.67 1.02 1.28 0.695 1.38

Reference

Dry 24.8 9.43 9.02 995.67 71.67 0.04 0.03 0.01 0.03

Wet 28.06 7.18 8.34 199.13 116 0.18 0.22 0.04 0.07

Mean 26.43 8.305 8.68 597.4 93.835 0.11 0.125 0.025 0.05

The results of the various physicochemical factors which 
were responsible for the diversity and distribution of benthic 
macroinvertebrates at each site are found in Table 2. There was 
spatial effect among the sampling sites (ANOVA; p<0.05) on the 

distribution of most of the physicochemical parameters. It can 
be observed from Table 2 below that high temperature (27.42 
0C) but low dissolved oxygen (5.67 mg/L) were recorded at 
Dacha riverside site. On the other hand, pH (8.68) and electrical 
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conductivity (597.4 µS/cm) were higher at the Reference 
site than the other sites. Turbidity was high at the two feeder 
riverside sites (Dacha riverside, 179.8 NTU and Bobodo riverside, 
172.15 NTU) and the Main gate site (138.67 NTU). Turbidity of 
water was relatively low at the Reference site (93.835 NTU) and 
Badober riverside site (121.79 NTU). All the major inorganic 
nutrients considered in the present study were high at Main 
gate side, Dacha river side, and Bobodo river side sites. These 
sites were highly influenced by human activities. The different 
ambient inorganic nutrients were low at the Reference site 
coincides with the relative less anthropogenic factors. At Dacha 
riverside site, nitrogen nutrients NO3 was comparatively higher 
than the phosphorous nutrients. 

However, in other sampling sites, the phosphorous families 
(SRP and TP) were higher than nitrogen families (NO2 and NO3). 
Thus, most probably nitrogen was the limiting nutrient in the 
study lake in general, and in the sites. There was significant 
effect on the distribution of the various physicochemical factors 
between the two benthos sampling seasons (P<0.05). The 
temperature at all sampling sites was high during the period 
of wet season and low during the dry season. The reverse was 
true for dissolved oxygen by which it was high during the dry 
season and low during the wet season, but the difference was 
statistically insignificant (p >0.05). Nearly, an equivalent amount 
of pH was observed in the two sampling seasons at all the 

sampling sites. Electrical conductivity and water turbidity were 
significantly varied between the sampling seasons (p<0.05). The 
former was high at the dry season and the latter was high during 
the wet season. Compared to the two-sampling season, the water 
turbidity of the lake at all sampling sites was higher during the 
wet season than the dry season.

Diversity of Benthic Macro Invertebrates 
In the present study, a total of 5735 benthic macroinvertebrate 

specimens comprising of 23 taxa were collected from all the study 
sites. The number of benthic individuals significantly varied 
among the sampling sites (ANOVA test; p<0.05). It was high at 
Dacha riverside (n=2089) followed by Bobodo riverside (n= 
1145), Reference sites (n= 963), Badober riverside (n=859), and 
Maingate side (n=679) (Table 3). There was significant seasonal 
difference in the number of counted benthic individuals between 
the two seasons (P<0.05). Higher number of benthic individuals 
were collected in the wet season (n=3583, 62.5%) than dry 
season (n=2152, 37.5%). The Hemiptera Families were the 
predominant taxa that contributed the largest number (n=2546, 
44.39%) of the total samples followed by the Diptera (n=878, 
15.31%), Coleoptera (n=835, 14.56%), and the Gastropoda 
(n=631, 11%). On the other hand, the Ephemeroptera (n=171, 
2.98%), Hirudinae (n=335, 5.84%), and Oligochates (n=116, 
2.02%) were represented by relatively low number of specimens 
(Table 3).

Table 3: Number of benthic macroinvertebrates collected from the study sites (Lake Tinishu Abaya) during this study and pollution tolerance 
value for each taxon given by Bouchard [7].

Taxa
Sampling sites

Tolerance 
valueDacha 

Riverside
Bobodo 

Riverside
Badober 
Riverside

Maingate 
side

Reference 
Site Total 

Ephemeroptera 6 12 33 3 117 171  

Baetidae 2 1 21 0 89 113 4

Caenidae 4 11 12 3 28 58 7

Odonata 108 67 14 10 24 223  

Libellulidae 68 35 9 8 11 131 9

Ashnidae 0 1 0 0 11 12 3

Coenagrionidae 40 31 5 2 2 80 9

Diptera 277 284 136 142 39 878  

Chironomidae 258 281 108 121 33 801 8

Ceratopogonidae 2 1 20 2 5 30 6

Psychodidae 8 0 1 11 0 20 10

Tabanidae 9 2 7 8 1 27 6

Hemiptera 1287 462 237 206 354 2546  

Belestomatidae 8 6 13 145 88 260 10

Corixidae 512 328 114 0 0 954 9

Notonectidae 691 97 83 45 251 1167 9

Naucoridae 0 0 2 0 3 5 5

Gerridae 1 0 1 7 0 9 6

Nepidae 56 5 10 7 1 79 8

Mesovellidae 16 26 14 0 2 58 8
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Coleoptera 146 128 181 106 274 835  

Dytiscidae 8 17 56 1 47 129 5

Hydrophildae 138 110 80 105 170 603 5

Gyrinidae 0 0 24 0 38 62 4

Elimidae 0 1 21 0 19 41 5

Gastropoda 152 82 201 61 135 631 7

Hirudinae 78 86 47 110 14 335 10

Oligochates 35 24 10 41 6 116 8

Total individual 2089 1145 859 679 963 5735  

Number of taxa 19 19 22 16 20   

The major components of the benthic taxa were the 
Notonectidae (n=1167), Corixida (n=954), and the red 
Chironomidae (n=801). The Baetidae (n=113), Libellulidae 
(n=131), Dytiscidae (n=129), and Belestomatidae (n=260) 
were comparatively represented by high number of individuals. 
All the remaining taxa were low (<100 individuals). The 
Elimidae, Ceratopogonidae (n=41), Tabanidae (n=30), and 
Psychodidae (n=20) taxa were represented by low number of 
animals. Ashnidae, Gerridae, and Naucoridae were the minor 
components (<0.5%) of the benthos communities and collected 
only a total of 12, 9, and 5 individuals, respectively (Table 3). In 
Lake Tinishu Abaya, majority (70%) of the benthic composition 
was pollution tolerant taxa. The presence of pollution sensitive 
group (Ephemeroptera) in all the sampling sites were too low 
(<30%). Among the EPT group (Ephemeroptera, Plecoptera, 
and Trichoptera), only Ephemeroptera families (Baetidae and 
Caenidae) was found in Lake Tinishu Abaya. The attributions of 
this pollution sensitive taxa, Ephemeroptera, varied significantly 
among the sampling sites and between the study seasons 
(p<0.05). This group was over dominated at the Reference 
site. Comparing the two sampling seasons, the number 
Ephemeroptera specimen was high during the dry period than 
the rainy period.

Environmental Regulations and Benthic Communities 

Figure 1:  Map of Ethiopia showing the location of Lake Tinishu 
Abaya.

The correlation of the various environmental parameters 
and benthic macroinvertebrates occurrence and abundance was 
analyzed using constrained Redundancy Analyses (RDA graph) 

(Figure 2) (Table 4). In the RDA graph, the first and second axes 
together explained 94.5% of the cumulative percentage variance 
of species environment relation. The first axis and second axis 
explained 76.9 % and 16.5% of the species environment relation, 
respectively (Table 4). As indicated in RDA graph in figure 1 
below, most of the inorganic nutrients were concentrated at the 
Bobodo riverside site. The site is an area of high sedimentation 
and siltation through runoff via Bobodo River from the southern 
corner. The occurrence of both phosphorous nutrients (SRP & 
TP) and nitrogen nutrients (NO2 & NO3), and water turbidity were 
correlated positively and significantly with axis 1. On the other 
hand, DO, pH, and electrical conductivity were found to correlate 
positively and significantly with axis 2. Water temperature at 
each sampling site correlated positively and strongly with axis 
1. As shown in Figure 2, temperature and dissolved oxygen were 
correlated in the opposite direction.

Table 4: Summary of the statistics of the DA diagram.

Axes 1 2 3 4

 Eigenvalues: 0.769 0.176 0.043 0.012

 Species-environment 
correlations: 1 1 1 1

     Cumulative percentage 
variance of species data: 76.9 94.5 98.8 100

    of species-environment 
relation: 76.9 94.5 98.8 100

At the Reference site, electrical conductivity did seem to 
strongly control the occurrence of benthic taxa. In addition, pH 
and DO were an important factor for the abundance of benthic 
taxa at the reference site. In the study, temperature was the 
prominent regulators for the abundance of benthic communities 
at Dacha riverside site relative to the other parameters; but still, 
inorganic nutrients were also important factors at this site (Figure 
1). On the other hand, pH and DO were major regulators for the 
occurrence as well as abundance of benthic macroinvertebrates 
at Main gate and Bobodo riverside sites (Figure 2). In all the 
sampling sites, the occurrence of pollution sensitive taxa was 
low. The most sensitive taxa having low tolerance value (Table 
3) reported in the study lake were Ashnidae (tolerance value=3), 
Baetidae (tolerance value=4), and Gyrinidae (tolerance 
value=4). Naucoridae, Dytiscidae, Hydrophildae, and Elimidae 
benthic taxa are a moderately pollution tolerant taxon (tolerance 
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value=5) that were recorded in the study area. All these pollution 
sensitive groups account 30% of the total number of benthic 
taxa in Lake Tinishu Abaya. The occurrence of sensitive taxa 
(Ashnidae, Baetidae, and Gyrinidae) and moderately tolerant 
taxa (Naucoridae, Dytiscidae, Hydrophildae, and Elimidae) 

correlated positively and strongly with electrical conductivity, 
dissolved oxygen, and pH. However, they correlated negatively 
with most of the inorganic nutrients (Figure 2). All these taxa 
were concentrated at the Reference site concurrently with 
minimal human induced factors.

Figure 2: Tri-plot of the constrained Redundancy Analyses (RDA, CANOCO for Windows 4) for benthic macro invertebretaes taxa (blue 
arrows) and environmental variables (red arrows) at each sampling sites (Blueprint). Mesovell-Mesovellidae, Hirudina-Hirudinae, Chironom-
Chironomidae, Oligocha-Oligochates, Coenagri-Coenagrionidae, Corixida-Corixidae, Libellul-Libellulidae, Tabanida-Tabanidae, Gyrinida-
Gyrinidae, Ceratopo-Ceratopogonidae, Dytiscid-Dytiscidae, Belestom-Belestomatidae, Naucoridae-Naucoridae, Notonect-Notonectidae, 
Gastropo-Gastropoda, Hydrophi-Hydrophildae, Psychodi-Psychodidae

Hirudinae and Oligochates are pollution tolerant taxa 
having a tolerant value of 10 and 7, respectively (Table 3). 
The occurrence of Hirudinae correlated positively with the 
phosphorous nutrients (SRP & TP) while the Oligochates 
correlated positively with the nitrogen nutrients (NO2 and NO3). 
The occurrence of these taxa was high at Bobodo riverside site 
coincides with high water turbidity. The other high pollution 
tolerant taxa found in the sampling site were Coenagrionidae, 
Corixidae, and Libellulidae. All these species had similar pollution 
tolerance value, which is 9 (Table 3). The occurrence of all the 
three tolerant taxa (Coenagrionidae, Corixidae, and Libellulidae) 
correlated positively and strongly with turbidity and NO3. The 
red blooded Chironomidae and Mesovellidae are considered 
as high pollution tolerant taxa (tolerant value=8) (Table 3). 
The occurrence of these two pollution tolerant taxa correlated 
positively and significantly with water turbidity (Figure 1) 
and thus water turbidity seemed to be the possible reason 
for the occurrence as well as abundance of the Chironomidae 
and Mesovellidae. On the other hand, pH and DO seemed to 
influence the ecology of Belestomatidae and Ceratopogonidae 
taxa. Both taxa are pollution tolerant taxa, but the former is 
high pollution tolerant (10), while the latter is moderate (6) 
(Table 3). The occurrence of Gerridae (tolerance value =6) 
correlated negatively with most of the inorganic nutrients and 
this taxon was found high at the main gate side site (Figure 2). 
In Lake Tinishu Abaya, Notonectidae (Backswimmers) were 
widely dominated the abundance of benthos specimens. This 
predominant taxon correlated positively and strongly with 

temperature, water turbidity, and nitrogen nutrient (NO3). 
Notonectidae was preferable at Dacha riverside site coincides 
with high temperature and water turbidity. 

Benthic Macroinvertebrate Diversity Metrics 

Taxa Richness (TR) 

Table 5: Different benthic metrics at the sampling sites in Lake Tinishu 
Abaya.

Sampling 
sites 

Benthic Macroinvertebrate Diversity Metrics 

% TR % DT % E % CHIR % HFBI SDI

Dacha 
riverside 82.61 61.6 0.29 12.35 8.4 1.97

Bobodo 
riverside 82.61 40.3 1.05 24.54 8.42 2.086

Badober 
riverside 95.65 27.6 3.84 12.57 7.3 2.462

Maingate 
side 69.57 30.3 0.44 17.87 8.2 2.123

Reference 
site 86.96 36.8 12.15 3.43 6.9 2.234

In the present study, different macroinvertebtate diversity 
metrics were used (Table 5). In the study lake, there was not 
spatial effect on the distribution of the total number of taxa 
among the sampling sites (ANOVA test; p >0.05). However, 
the total number of taxa was relatively high at a relatively 
minimal human impact sites (Badober riverside and Reference 
site) compared to that of high impaired site (Dacha riverside, 
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Bobodo riverside, and Main gate sites). The total number of taxa 
comprised at the study sites was high (22 taxa) at the Badober 
riverside site, intermediate (20 taxa) at reference site, and low 
(19 taxa) at Dacha riverside and Bobodo riverside sites (Table 5). 
Although statistically insignificant (p>0.05), the value of percent 
taxa richness (%TR) varies among sampling sites. The value of 
this metric ranged from low value of 69.57% at Main gate site to 
a high value of 95.65% at Badober riverside site (Table 5).

Shannon Diversity Index (SDI) and Percentage Dominant 
taxa (% DT) 

The Shannon Diversity Index was significantly varying 
among sampling sites (P<0.05). The value of SDI was high 
(2.462) at Badober riverside with low (27.6%) %DT and low 
(1.97) at Dacha riverside site corresponding to high (61.6%) 
%DT (Figure 3). The Reference site had higher (2.234) SDI than 
Bobodo riverside site (2.086) and Maingate side site (2.123). In 

most cases, the SDI) and %DT were inversely correlated (Figure 
2). The distribution of %DT was appreciably differences among 
sampling sites. It was high at Dacha riverside (61.6%) and low 
(27.6%) at Badober riverside (27.6%) (Table 3).

Percentage Chironomidae (%CHIR)

The large abundance of chironomidae is an indication 
of organic pollution and nutrient enrichment. In the present 
study, percentage of chironomidae considerably varied among 
sampling sites. The lower (3.45%) and upper (25.54%) values 
of this metrics were found at the Reference site and Bobodo 
riverside site, respectively. Except the reference site, generally, 
high percent chironomidae was observed in the remaining 
sampling sites corresponding with 17.8%, 12.35%, and 12.57% 
at Maingate side, Dacha riverside, and Badober riverside sites, 
respectively indicating the sites were environmental stressed.

Figure 3: Spatial distribution of the Shannon Diversity Index (SDI) and Percentage Dominant Taxa (% DT) at sampling sites in Lake Tinishu 
Abaya.

Percentage Ephemeroptera (% E)

Organisms in the Ephemeroptera, Plecoptera, and 
Trichoptera (EPT) groups are pollution sensitive and qualified 
as indicators of good water quality. In this study, Plecoptera and 
Trichoptera were not found. It was only Ephemeroptera families 
reported (Table 3). However, the presence of Ephemeroptera 
in the study lake was, generally, low. The distribution of % E 
varied notably among sampling sites and between seasons. 
The percentage of Ephemeroptera was higher (12.15%) at the 
Reference site. Compared to the Reference site, the percentage 
of Ephemeroptera was low in the other sites, having values of 
0.29%, 0.44%, 1.05%, 3.84%, at Dacha riverside, Maingate side, 
Bobodo riverside, Badober riverside sites, respectively (Table 5). 

Hilsenhoff Family-level Biotic Index

In the study area, the Modified Family Biotic Index (FBI) was 
developed to detect the presence of organic pollution. In this 
study, almost all the sampling sites showed higher FBI values; 
suggesting comparatively low water quality. The value of HFBI 

ranged from 6.90 to 8.40. The value of this metrics was high at 
the Bobodo and Dacha riverside sites. The lowest value of this 
metrics was recorded at the Reference site (Table 5) indicating 
the site is relatively good water quality.

Discussion 

Physicochemical Regulations 
The various physical, chemical, and inorganic nutrients 

regulations responsible for the diversity and abundance of 
benthic invertebrates in the present study sites are analyzed 
(Table 2). It is observed from the results that, except dissolved 
oxygen, other physicochemical parameters are noticeably high 
at all sampling sites. The presence of considerably high levels 
of DO, pH and other physical parameters seems to support the 
survival of most of the benthic invertebrate communities in Lake 
Tinishu Abaya. The distribution of most of the chemical and 
physical parameters varied significantly among the sampling 
sites. The water turbidity and all inorganic nutrients are high at 
the impacted sites (Dacha riverside, Bobodo riverside, and Main 
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gate side). On the other hand, the presence of dissolved oxygen, 
pH, and electrical conductivity are high relatively at minimal 
impacted sites (Reference site and Badober riverside).

Dissolved oxygen is an important parameter that determines 
the spatial and temporal distribution of aquatic organisms 
as this is essential for their respiration [28,29]. In the present 
study, compared to other physical parameters, dissolved oxygen 
was low at most of the sampling sites. This is ultimately because 
of the presence of relatively high temperature al the study sites. 
The RDA graph (Figure1) shows temperature and dissolved 
oxygen correlated negatively and strongly. More dissolved 
oxygen is present in water with a lower temperature compared 
to water with a higher temperature Peeters et al. [30]. The 
reason for this invers’s relationship between dissolved oxygen 
and temperature is that the solubility of a gas in a liquid is an 
equilibrium phenomenon Bachmann et al. [31] considered that 
whereas wind is a major oxygenator in large lakes, dissolved 
oxygen in smaller lakes is largely determined by photosynthetic 
action of phytoplankton and complete oxygen depletion was not 
observed, apparently because of significant water movement 
through the lake as a result of mass water movement due to 
frequent wind induced top-down mixing. A similar fact was 
observed in all sampling sites of the present study since oxygen 
was not completely depleted. This owes to the polymictic 
nature of the Lake Tinishu Abaya. The non-complete depletion 
of oxygen in all the sampling sites may lead to the existence of 
various types of benthic macroinvertebrates in the study area.

 Water temperature has been recognized as a major factor in 
the distribution, abundance and richness of aquatic organisms in 
general and benthic communities. Temperature also controls the 
dynamics of sustainability and survivorship of various aquatic 
organisms that live in lakes though different life forms have a 
recommended temperature variety. Temperature affects the 
physiological processes of organisms, so temperature dynamics 
may change life cycle patterns and trophic interactions [32]. The 
higher the water temperature, the greater the biogeochemical 
activity influenced by the environmental intrinsic and extrinsic 
parameters. In this study, a considerable high temperature has 
recorded at all sampling sites. The presence of this marked high 
temperature might have induced higher metabolic processes 
in DO rich environment and hence high proliferation of or 
occurrence of high benthic organisms in the study sites. 

Two main aspects of the climatic impacts on streams are 
water temperature and water low (Du-rance & Ormerod 2007, 
2009). Temperature has been long recognized as a major factor 
in the distribution, abundance and richness of aquatic organisms 
along the gradients in latitude and altitude (Vannote et al. 

1980, Ward 1992). Water temperature is also impor-tant for 
the embryonic development, larval growth, 

emergence, metabolism, and survivorship of aquatic 
organisms (Ward 1992, Haidekker & Hering 2008)

All winter biotic metrics decreased associated with the 
water temperature increase in this study (confirming the first 
study objective). The reduction in the community composition in 
relation to temperature increase is real and may result in winter 
macroinvertebrate abundance declines of 11.1 % for every 1 °C 
water temperature rises in the study streams. Higher losses (21 
%) were predicted for stream macroinvertebrates during spring 
in British Llyn Brianne River (Durance & Ormerod 2007).

Other important physical parameters considered for the 
regulations of benthic macroinvertebrates abundance and 
diversity in the present study are pH and electrical conductivity. 
The variation in the pH could have effect in the biodiversity 
and richness [33]. Acidification has severely impacted 
freshwater resources [34]. Experiments conducted at a range 
of spatial scales, from laboratory experiments to whole-stream 
manipulations, demonstrate adverse effects of acidic pH on 
benthic invertebrate communities and differences in sensitivity 
among aquatic insects. In the present investigation, the values of 
pH show that the water of all the sampling sites are alkaline and 
no acidification has been observed since pH is always greater 
than 7. The absence of acidic conditions in the study area may 
elucidate the occurrence of diverse types of macro invertebrates 
in large numbers (Table 3) (Figure 2).

There were not remarkable differences of pH among 
the sampling site. But it was the high at the Reference site 
corresponding to low human perturbation and low at Dacha 
riverside site where high human perturbations. A relatively 
higher mean value of pH has been observed during dry period 
compared to wet period. The decrease in pH values during 
the periods of rainy season owes to the dilution caused by the 
rainwater and may be the results of the production of CO2 from 
increased biological oxidation and photosynthetic processes 
of aquatic plants that may have ultimately contributed to the 
reduction of pH Melack [35]. Electrical conductivity is a good 
measure of salinity in water. It has long been considered an 
important factor in determining aquatic macroinvertebrate 
fauna in lentic as well as lotic systems [6]. An understanding 
of the effect of conductivity or salinity on aquatic fauna has 
considerable theoretical and practical implications [36]. 

In the present study, relatively high electrical conductivity 
has noticed at all sites. The distributions of these ionic 
concentrations have gone from high values at the minimal 
impacted site (Reference site) to low values at high impacted 
sites (Dacha riverside and Bobodo riverside). This decline of 
electrical conductivity in rainy season may be due to the dilution 
of water as a result of increasing water level via the feeder Rivers 
Dacha and Boboda. Generally, the presence of relatively high 
level of conductivity clearly indicated that water in the study 
areas considerably ionized and has the higher level of ionic 
concentration activity due to excessive dissolved solids. This 
might have been supported the survival of most of the benthic 
macroinvertebrate communities in Lake Tinishu Abaya.
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Shallow lakes, in general, can occur in two alternative 
stable states, a clear-water state, and a turbid state [37]. Lake 
Tinishu Abaya is turbid state (chapter 2). The same is true for 
the sampling sites of benthic macroinvertebrates that is high 
turbidity had noticed in all the study sites. One of the plausible 
reasons for the occurrence of high turbidity is the entrance of 
high sediment laden from agricultural area through runoff via 
the Feeder Rivers. The two Feeder Rivers, namely, Dacha and 
Bobodo are active during the sampling period main in the rainy 
months of July and August. These rivers carry complex types of 
sediments and garbage from the Guragae highlands where large 
settlements and towns such as Worabie to end up in Lake Tinishu 
Abaya. The best-known adverse consequence of agriculture 
on watersheds is the large amount of sediment exported into 
adjacent rivers and streams [38]. Sedimentation in aquatic 
ecosystems is generally accompanied by deterioration of water 
quality, reduced light penetration, and the filling of interstitial 
spaces in benthic substrates [3]. During the present study, high 
agricultural activities are underway. The lake generally has no 
any buffer zone. The agricultural activities that exposed the 
topsoil have promoted the transport of sediments that directly 
end up in Lake Tinishu Abaya. This all affect the diversity as well 
as abundance of benthic communities in the study lake.

Streambed degradation by sedimentation can ultimately 
result in the extinction of benthic macroinvertebrates [39] 
because these organisms predominantly dwell on stream 
substrates and require specific geomorphological structures 
for completion of oviposition and other life cycle stages [40]. 
Thus, the overall success of diverse benthic macroinvertebrate 
communities is strongly dependent on the integrity of their 
physical environments [41]. Different studies have documented 
multiple adverse effects of sedimentation on benthic 
macroinvertebrates such as decline in species diversity and 
density reduction in the number of suitable habitats, declines 
in food resources and food quality, reduction in feeding and 
respiration [42], and increases in drifting rates of the organisms.

 The major inorganic nutrients occurred in appreciable 
proportions in the present study sites are nitrogen (NO2 
and NO3) and phosphorous nutrients (SRP and TP). In all 
the sampling sites, all these nutrients are considered as the 
preeminent regulating factors for the diversity as well as 
abundance of benthic communities. All the nutrients measured 
during the study were relatively high at each sampling sites that 
support the existence of different invertebrate taxa. There were 
significant variations in the concentration of nutrients among 
the study sites. Both the nitrogen and phosphorous nutrients 
were considerably high at the Main gate site concurrently low 
benthic macroinvertebrate. During the study time, different 
anthropogenic activities were observed at the Main gate site. 
The various anthropogenic activities are believed to be the main 
sources of high nitrogen and phosphorous nutrients, in turn, 
resulting in high eutrophication of the site which affected the 
survival of benthic macro invertebrates at this site. 

Cultural eutrophication from nutrient enrichment is a 
globally recognized important anthropogenic impact on aquatic 
ecosystems [43]. Despite this, current understanding of its 
effects on benthic assemblages remains poor, particularly in 
lakes [44]. This owes largely to their high spatiotemporal 
variability at scales among and within both lakes and habitats 
[45]. The negative effects of nutrient enrichment are, however, 
arguably manifested most strongly in the benthic zone owing to 
decreased oxygen availability [46] and reduction of phytobenthic 
production [47] and structural complexity. There were markedly 
clear variations in the changes on benthic abundance along 
nitrogen and phosphorus gradient among sampling sites. 
Some invertebrate taxa were less pronounced on nutrient poor 
sites (Reference site and Badober riverside site). For instance, 
Ephemeroptera showed significant declines with nutrient 
enrichment. Redundancy Analyses (RDA) graph (Figure 2) also 
revealed a clear distinction in taxonomic composition as well as 
abundance between Reference sites (non-nutrient enriches site) 
and other nutrient enriched sites.

Diversity of Benthic Macroinvertebrates 
Diversity values for real communities are often found to fall 

between 1.0 and 6.0. Staub et al. [48], had also set diversity index 
less than 1 for poor diversity, 1-2 moderate diversity, 2<3 for 
average diversity and >3 for high diversity. Based on the value 
of Shannon index, Dacha riverside site is moderately diversified 
whereas all the remaining sampling sites are diversified 
on average. In general, considering the Shannon Diversity 
Index considered among study sites, the diversity of benthic 
macroinvertebrates in Lake Tinishu Abaya is bounded from 
moderate to average diversity of benthic macroinvertebrate 
communities. The occurrence of this average diversity of the 
benthos in the study area might be due to the existence of good 
coverage of aquatic macrophytes at the littoral area of the most 
of the sampling sites, presence of high level of ambient inorganic 
nutrients, relatively high water temperature, the alkaline 
nature of the lake, and possibly the weathering condition of the 
surrounding area.

Shannon Diversity Index (H’) decreased as the perturbation 
increased [49]. According to the study by there are 3 classes of 
pollution status based on H′. In their scale, water bodies with 
H′ value of more than 3 has no contaminant, H′ values ranging 
from 1-3 contain moderate contaminants and H′ <1 indicates 
high pollution level. In Lake Tinishu Abaya, the H’ of benthic 
macroinvertebrate ranged from 1.97 at Dacha riverside site to 
2.462 at Bobodo riverside site; indicating that all the sampling 
sites are moderately polluted. This leads to the inference that 
Lake Tinishu Abaya is moderately polluted in according to 
the values of Shannon Diversity Index. Different shoreline 
modifications (crop cultivations, irrigation farms, disposal of 
wastes, sedimentation, and siltation) on the watershed area 
of lake have been observed during the meantime of this study. 
These resulted in the high rate of organic pollutions [50].
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In the study area, the number of benthic macroinvertebrate 
taxa or richness is comparatively similar among the sites and the 
changes do not have any meaningful differences among them but 
the composition of each taxon with their tolerance value among 
sites tells a lot about the impacts stated that sites with greater 
than 26 taxa as non-impacted, 19-26 as slightly impacted, 11-18 
as moderately impacted and 0-10 as severely impacted. Based 
on this criterion, all the sampling sites considered in the present 
study (Table 5), fall in slightly impacted range [51]. Considering 
the total number of benthic macroinvertebrates taxa (19-23) 
that have been observed from all sampling sites, the ecological 
condition of Lake Tinishu Abaya, in general, is slightly impacted 
as a result of different human perturbations such as irrigation 
activities at the near shore area, bathing and washing, release 
waste, and other related possible suggestions [52]. 

 The total number of benthic individuals was considerably 
different among the study sites. The presence of this remarkable 
differences in the abundance of benthic communities among 
the study sites is thus, because of differences in the various 
physicochemical regulations (RDA graph (Figure 2) and because 
of the differences in the coverage of aquatic macrophytes. The 
largest number of invertebrate communities was recorded at 
Dacha and Bobodo riverside sites concurrently with high level of 
all types of inorganic nutrients, high temperature, and increasing 
water turbidity [53]. During this study, relatively good coverage 
of aquatic macrophytes has been observed at Dacha and Bobodo 
riverside sites. This ultimately resulted in the high number of 
specimens at the two indicated sites. Compared to the two 
sampling seasons, high number of specimens has been recorded 
during the wet season than dry season [54]. The difference in 
water temperature between the two sampling seasons results 
the seasonal variations in the number of benthic individuals. The 
seasonal difference in the number of benthic individuals may 
be also the significant difference in habitat coverage between 
the two seasons. During the time of data collection, it was 
observed that the littoral macrophytes were condensed during 
the rainy time. Cyperus dubius and Persicaria senegalensis, and 
Potamogeton species were dominant the littoral region of the 
lake during the rainy season (June-August). However, all the 
larger macrophytes were totally discarded in most of the dry 
season (January-April).

In Lake Tinishu Abaya, Hemiptera (true bugs) particularly, 
Notonectidae and Corixida are predominant taxa that reprented 
the largest number of benthic specimens [55]. Hemipterans are 
relatively tolerant of many forms of pollution. Surface dwellers 
have very little physical connection with water and therefore 
are less dependent on the water quality [19]. This feature 
of Hemiptera might have resulted in their wide dominance 
of the study areas. The Notonectidae or commonly called 
Backswimmers is extensible dominated the number of benthic 
individuals. Backswimmers can fly easily and can, therefore, 
colonize new wetlands quite quickly. They are very active 

predators feeding on a mixture of invertebrates from the open 
water and the water surface. Their ability to colonizing new 
environments and feeding from open water and the surface with 
predating behaviors might have facilitated the presence of high 
number of individuals in the study area [56]. Notonectidae is 
correlated strongly and positively with water temperature (RDA 
graph in Figure 2). The presence of high temperature is likely the 
cause for the existence of high abundance of the Notonectidae 
than other benthic individuals in Lake Tinishu Abaya [57]. 

Diptera families the red Chironomidae (non-biting midges), 
are other important benthic invertebrates that are comprised of 
large number of specimen next to the Hemiptera in the study 
sites. The extreme variability of dipterans extends to their 
tolerance to pollution. Some of the animals among the dipterans 
prefer organically polluted sites and thrive in sewage and carrion 
[58]. The same plausible reason has given for the dominance of 
Diptera in general and the high abundance of Chironomidae for 
the present study sites. Diverse and well-studied families such 
as the Chironomidae can provide much information about their 
surrounding environment. Different species are often indicative 
of different environmental conditions such as water chemistry. 
Sometimes these changes also indicate environmental impacts. 
In extreme cases of pollution, the deformities of the more 
tolerant species can be studied to assess environmental impacts.

At the high impacted sampling site, pollution tolerant taxa 
have dominated the total specimen. Notonectidae, Chironomidae, 
and Belestomatidae taxa are high pollution tolerance (8-10) 
(Table 3). The Notonectidae, Chironomidae, and Belestomatidae 
are the dominant benthic taxa at Dacha rivers side, Bobodo 
riverside, and Main gate side sites. All these sites are highly 
modified with shoreline modification. The high percentage of a 
single or some common taxa at the impacted sites, particularly at 
Dacha and Bobodo riverside sites might be due due to instability 
of the area by the inflow of rivers Dacha and Bobodo runoff. 
However, point out some unstressed habitats are dominated by 
only a few taxa due to habitat, flow, and seasonal effects. The 
better stability in Badober and Reference site promoted the low 
percentage dominance; moreover, promoted the relative high 
number of sensitive group than the tolerant ones, indicating 
water quality of the site. 

According to Barbour et al. [25], percent dominant taxa 
(%DT) greater than 45 indicate impaired, 40-45 possible 
impaired and less than 40 unimpaired conditions. Based on this 
classification, %TD at Dacha riverside site is greater than 40 
indicating impaired site, at Bobodo riverside site is within 40-
45 indicating possible impaired site. %DT at Badober riverside 
and Reference sites is less than 40 indicating the two sites 
are unimpaired condition (Table 3). The presence or absence 
of certain taxa is related to water quality rather than other 
ecological factors. According to Hilsenhoff [24], the presence of 
pollution sensitive groups rather than pollution tolerant groups 
can indicate water quality because pollution tolerant groups can 
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inhabit both habitats according to their niche preference. During 
the present study, the benthic community is broadly dominated 
by pollution tolerant taxa compared to pollution sensitive taxa. 
This clearly indicates the low water quality of Lake Tinishu 
Abaya in general, and all sampling sites in relation to benthic 
macroinvertebrate assemblages.

The presence of pollution sensitive group significantly 
varied among sampling sites. It is commonly found at Reference 
site. Compared to the two sampling seasons, the pollution 
sensitive group is low during the rainy period. During the rainy 
season, high organic pollution from the watershed entered to 
the littoral region of the lake through runoff. This resulted in the 
high occurrence of organic pollution. Since pollution sensitive 
groups has low pollution tolerance, low number of specimens 
have been reported during the wet season than in the dry 
one. The percentage composition of high pollution tolerant 
communities such as Gastropoda, Odonata, Diptera, Hirudinae 
(Leeches), and Oligochates (the aquatic earthworm) are high at 
the Dacha riverside, Bobodo riverside and Main gate side sites 
which happened to be of high human interference sites. The 
presence of significant number or, percentage of chironomidae 
in the study lake, shows the existence of organic pollution that 
resulted in less water quality that indicating that the lake was 
under long term environmental stress.

 Hilsenhoff Family Biotic Index (HFBI) is used to detect 
organic pollution. All study sites considered in this study, showed 
relatively high FBI values; suggesting low water quality. Lower 
FBI was calculated at Reference site; suggesting comparatively 
higher water quality and high FBI was estimated at Badober 
riverside site and Dacha riverside site; suggesting comparatively 
low water quality. As noted, HFBI values of 0-3.75 indicate 
excellent water quality. HFBI values of 3.76-4.25, 4.26-5, 5.01-
5.75,5.76- 6.5, 6.51-7.25, and 7.26-10 indicate very good, good, 
fair, poor, poor and very poor water quality, respectively. In this 
study, the HFBI value at Reference site represented poor water 
quality while the values at all the other sites represented very 
poor water quality in relation to HFBI. 

Conclusion 
Tilapia zilli To conclude, the use of benthic 

macroinvertebrates in the study is an important aspect for the 
jugment of the water condition of the study area. Based on the 
results of benthic macroinvertebrate assemblages and their 
dynamics, the existence of organic pollution is evident. This is 
an indication that Lake Tinishu Abaya has undergone long term 
environmental stress. This obviously calls for participatory 
and interdisciplinary actions of watershed management and 
wise use of aquatic resources with compliance to commonly set 
agenda of sustainable use of natural resources.
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