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Abstract: The present study was aimed at assessing the water quality of Warbo and Dabo streams in awash catchment using 
macroinvertebrates as biological indicators. The status of water quality was assessed in terms of presence or absence of indicator organisms 
in relation to physico-chemical parameters. Hilsenhoff Family-level Biotic Index (H-FBI) results have shown that the site 6 had relatively higher 
value (6.5) followed by site 5 (5.8). The site 1 recorded least H-FBI value which accounts for 3.2 followed by site 4 (3.74). For ETHbios index, 
highest score was recorded at site 3 (120) followed by site 4 (102) while the lowest score was obtained for the site 6 and site 1 which accounts 
for 54 and 57 respectively. The ASPT value was comparatively higher for sites 1 (6.67) and site 3 (6.31) than other sites. Principal components 
analysis of physico-chemical variables showed wide variation among the study sites. Axis 1 and axis 2 of the PCA explained 97.5% of the total 
variance regarding the sites versus physico-chemical association, where the first axis and second axis contributed 73.04% and 24.56% to the 
variation, respectively. Results of Pearson correlation reaveled that there exists significant relation between variuos pollutant parameters. 

Keywords: Bio-indicators, ASPT, ETHbios, Macro invertebrates, Correlation

P. Sekhar
Environmental Science Department, College of Natural & Computational Sciences

Bule Hora University, Bule Hora, West Guji, Ethiopia
E-mail: saykhar999@gmail.com

In most of the Sub-Saharan Africa, wetlands are under 

high pressure due to land use degradation, while they are 

increasingly being recognized as vital resources for 

achieving food security and rural livelihoods (Schuyt 2005). 

Aquatic bodies located in those areas receive all types of 

wastes from human activities including domestic, agriculture, 

industrial sources (Dixon and Wood 2003). In fact, land uses, 

and practices are probably the most important factors in 

determining the water quality. The direct and in direct effects 

of human activities are the major drivers of land use land 

cover change. Land use change is primary factor causing 

water quality and habitat degradation (Lakew and Moog 

2015). Among the biological communities that are 

considered bio indicators of water quality, the most 

commonly used are the benthic macro invertebrates 

because they have several characteristics that make them 

easy to study and show clear responses when faced with 

adverse environmental conditions ( . Bonada et al 2006)

Different groups of macroinvertebrates are excellent 

indicators of human impacts especially contamination 

(Kassahun et al 2013). The structure of the benthic 

communities in an aquatic ecosystem reflects its ecological 

conditions, including habitat heterogeneity and water quality 

(Burgmer et al 2007). The use of benthic invertebrate 

communities as indicators of environmental degradation or 

restoration has become widespread and reliable for 

bioassessment since the benthos broadly reflects 

environmental conditions. Most of them have quite narrow 

ecological requirements and are very useful as bioindicators 

in determining the characteristics of aquatic environments 

(Benetti and Garrido 2010). Intensive studies have been 

carried out on the impact of environment degradation 

especially due to pollution in various river systems in various 

parts of Ethiopia but studies related to land use impacts on 

the water quality on various streams of catchment area of 

Awash basin are very few or much limited. Hence in the 

present study an attempt has been made to assess the status 

of water quality of selected streams in Awash using benthic 

macroinvertebrates as bio-indicators of pollution. This study 

will help as a base line information on the major human 

induced land use practices and their effects on the water 

quality which in turn guide planners to take necessary steps 

to reduce further pollution of these streams. 

MATERIAL AND METHODS

Study area and sites selection: The study area is in the 

Dendi Woreda of West Showa Zone of Oromia Regional 

state, Ethiopia (Fig. 1). The present study area is lying 

between latitude 40°28'E and 40°59'E and longitude, 9°99'N 

and 10°03'N with an altitude ranging between 2145 to 2464 

msl. Study sites were selected based on their exposure to 

land use practices and various human activities such as 

agricultural practices, grazing, chemical fertilizers from the 

surrounding lands that pollute river basin (Table 1). 



Site ID  Characteristics of the site Type of human intervention

S1 Arera spring from Arera stream Less anthropogenic activities

S2 Warabo spring from Warabo stream Moderate anthropogenic activities

S3 At confluence of the Warabo and Arera streams Considerable anthropogenic activities

S4 Dabo stream High anthropogenic activities and lack of canopy

S5 Located downside of Dabo stream after the bridge of the Ginchi town 
near to paper mill factory

Very high anthropogenic activities and direct discharge of 
effluents into the stream

S6 Located downstream of Awash River after the paper mill factory Very high anthropogenic activities with discharge of 
effluents down stream 

Table 1. Criteria for selection of study sites

Fig. 1. Map of the study area & study sites

Accordingly, six sampling sites were selected which 

approximately cover 10- 12 km long with about 2-5 km apart 

from each other.

Measurement of physicochemical parameters: Water 

samples were collected from study sites for analysis of 

physico-chemical parameters and estimated using standard 

procedures (APHA 1999). All the samples were collected 

s im u l t ane ou s l y  a l o n g  w i t h  t he  s a mp les  fo r  

macroinvertebrates analysis at same locations.  

Benthic macro invertebrate sampling and analysis: For 

the collection of macro invertebrate from the selected sites, 

Multi-Habitat Sampling (MHS) scheme was implemented 

according to (Thomas et al 2010). Benthic macro 

invertebrates were collected using a standard hand net (625 

cm , net mesh size 500 m from multi-habitat units). Mega-2 μ

lithal stones were sampled by brushing the surface 

approximately equal to the size of the sampling net. Macro-

lithal stones were picked by hand and their surfaces were 

brushed to dislodge clingers and sessile organisms. 

Samples were then preserved in 4 % formaldehyde for 

further analysis with proper coding. Each sample was passed 

through a set of sieves of different sizes (5000, 3000, 2000, 

1000 and 500 µm) to separate different size classes of macro 

invertebrate groups. Identification was done using South 

African Aquatic Invertebrates Identification key up to family 

level.

Water quality index (WQI): Water quality index of study 

sites was estimated using method described by (USEPA 

2002).

Benthic macro invertebrate indices (BMI): Shannon and 

Weiner (1963) index was used to assess the diversity of 

macroinvertebrates in these rivers. Hilsenhoff Family of 

Biotic Index (H-FBI) (Hilsenhoff 1988) was calculated to 

assess the pollution tolerance of each collected taxa in each 

site.  Other benthic macro invertebrate indices were used to 

evaluate abundance and pollution status of study sites 

according to (Lakew and Moog 2015). 

Statistical analysis :Data collected for benthic macro 
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Minimum Maximum Mean Std. Deviation P-value

PH 7.98 8.53 8.4050 .21548 0.112

DO 6.32 8.62 7.2767 1.06566 0.000

BOD .51 2.38 1.2683 .64179 0.000

NH4

+ .07 .49 .2567 .15122 0.055

NO-

3 .21 .93 .5400 .30424 0.056

PO4

3- .03 .05 .0367 .00816 0.292

Table 2. Physico-chemical analysis of study sites

invertebrates and physico-chemical parameters were 

statistically analyzed by using Excel spread sheet and 

statistical software like SPSS version 21 (Statistical package 

for social science). Coefficient correlation was used to 

assess the significant relation between chemical and biotic 

parameters. Origin Pro 8.5 software was used to generate 

graphs. Multivariate analysis (Canonical Correspondence 

Analysis (CCA) was used to study the association between 

macro invertebrate abundance and physicochemical factors. 

Principal component analysis (PCA) was used to observe 

how sites varied with respect to physico-chemical variables 

or to observe the physico- chemical gradient along the sites 

using PAST software as the relation was unconstrained (Tar 

Barrk 1987).  

RESULTS AND DISCUSSION

Minimum pH (7.98) was ats6, while the maximum (8.53)  

was at S4 with a mean value of 8.4 (Table 2). The mean pH 

level among the six sites having F-value 2.287 and p-value 

0.112 implies there was no significance difference in pH level 

among the six sites. Clean water is an essential requirement 

for the establishment and maintenance of ecological integrity 

(Berger et al 2018). However, improper liquid waste 

discharge and solid wastes produced by human settlements 

and industrial activities leads to negative effect to human 

health and environment as pollution to river water source 

(Amble et al 2013). pH is an important variable in ecological 

water quality assessment as it influences many biological 

and chemical processes within the water body and 

influenced by various factors and processes including 

temperature, discharge of effluents, runoff, acidic perception, 

microbial activity. The minimum pH was recorded at S6 (7.89) 

might be explained due to anthropogenic activities such as 

waste discharge, cloth washing and open bathing as 

observed. The highest value (8.62 mg L ) of dissolved -1

oxygen was recorded from site S4, which is under the 

agricultural land use, while the lowest values 6.32 and 6.39 

mg L  were recorded from site, S3 and S1 respectively under -1

forest land use. At site S6 (at downstream of paper mill), the 

dissolved oxygen concentration was found to be 6.46. The 

mean comparison of DO concentration among the six sites 

indicated that there was a significance difference in DO level. 

The BOD values of study sites ranged from 0.51 mg L  to -1

2.38 mg L . The considerable variations in DO and BOD -1

values can be attributed to the level of impact of 

anthropogenic activities among the study sites. The 

maximum concentrations of NH4  (0.49 mg L ) was +H -1

recorded from site, S1, which was under forest land use while 

the minimum concentration (0.07 mg L ), was recorded for -1

the site, S6 under urban land use. The mean comparison of , 

NH4  concentration among the six sites indicated there was +H

no significance difference in NH4  concentration among the +H

six sites. The maximum NO  concentration (0.97 mg L ) was - -1
3

in the forest and agricultural land use, site S3, while the 

minimum (0.210 mg L ) was in site, S5 and there was no -1

significance difference in NO  concentration among the six -

3

sites. It was expected that nitrate nitrogen concentration 

would be more in site S6 due to discharges of paper mill  

effluent, but the low values were observed and this was 

possibly due to denitrification process of microbial 

communities. The maximum PO concentration (0.05 mg L ) 4
3- -1

was for the samples collected from S2 while the minimum 

(0.03 mg L ) was for water samples collected from S1. The -1

mean comparison of PO  concentration among the six sites 4
3-

2 implies that there was no significance difference in PO  4
3-

concentration among the six sites. The PO  in the studied 4
3-

area was possibly from the agricultural land use might be due 

to use of phosphate fertilizers in agricultural fields and animal 

manure. There exists significant relation between variuos 

pollutant parameters (Table 3). PO showed a strong 4  
3-

positive correlation with pH, BOD and NO  but not significant -

3

at 0.05 level. Dissolved oxygen and BOD showed a very 

strong negative correlation which is significant at 0.05 level. 

Both DO and BOD showed a strong negative correlation with 

NO-
3.

An attempt has been made to assess the water quality 

status of study sites using water quality index (Fig. 2) which 

indicate about cumulative effect of various chemical 

pollutants on water bodies. In the present study sites S1, S3 

and S2, S4 showed equal water quality indexes of 65 and 64 
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respectively. The least water quality index was obtained with 

site S5 (61) which is near to a paper mill factory. The highest 

water quality index was recorded at site S6 (68) which is 

situated at downstream of paper mill factory. Even though 

site 6 is under intensive pressure from human activities, the 

comparative high-water quality obtained may be attributed to 

factors such as self-purification capacity and distance of 

sampling point from the source of pollution. The water quality 

of all the study sites was considered to be of medium quality 

as evident from WQI analysis.  

Analysis of relation between indicator organisms and 

water quality of the study sites clearly indicated that water 

quality has a strong influence on presence or absence of 

indicator organisms as shown in (Fig. 3-5).

Composition and abundance of invertebrate: During the 

study period a total three classes (Oligochaeta, Insect and 

Gastropod), 10 orders and 37 families of macro invertebrate 

PH DO BOD NH3 NO3 PO4

PH Pearson Correlation 1 .492 .246 .412 .095 -.102

Sig. (2-tailed) .321 .638 .416 .859 .847

DO Pearson Correlation .492 1 -.858* -.343 -.809 .164

Sig. (2-tailed) .321 .029 .506 .051 .756

BOD Pearson Correlation .246 -.858* 1 -.233 -.820* -.001

Sig. (2-tailed) .638 .029 .657 .046 .998

NH3 Pearson Correlation .412 -.343 -.233 1 .590 -.643

Sig. (2-tailed) .416 .506 .657 .217 .169

NO3 Pearson Correlation .095 -.809 -.820* .590 1 -.105

Sig. (2-tailed) .859 .051 .046 .217 .844

PO4 Pearson Correlation -.102 .164 -.001 -.643 -.105 1

Sig. (2-tailed) .847 .756 .998 .169 .844

Table 3. Correlation matrix of physico-chemical parameters

*. Correlation is significant at the 0.05 level (2-tailed).

Fig. 2. Water quality index of the study sites
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Fig. 3. Effect of water quality index on CHIR in study sites
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Fig. 4. Effect of water quality index on EPT in study sites

were identified from the six study sites (Fig. 6). There were 7 

orders of the class Insecta namely Plecoptera,  

Ephemeroptera, Odonata, Hemiptera, Trichoptera, 

Coleoptera and Diptera. The nymph and larva stage of the 

insects identified belongs to 33 families, while Gastropoda 

and Oligochaeta were the non-insect macro invertebrates 

representing 4 families. The order Diptera was represented 
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Fig. 7. Macroinvertebrate families and their spatial diversity
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Fig. 5. Effect of water quality index on DT in study sites

by 8 families constituted (22 %) of the total fauna and 

Trichoptera formed (16%), followed by Coleoptera (13%), 

and Ehpemeroptera (13%). Odonata and Hemiptera each 

accounted for 11 % and Gastropoda accounted for 8%. Both 

Plecoptera and Oligochaeta accounted for 3% each. 

Benthic Macroinvertebrate Indices (BMI) and Spatial 

diversity: Comparison of benthic macro invertebrates 

among six study sites showed considerable variation in 

spatial diversity (Fig 7). The percentage of dominant taxa 

(%DT) increased from least impacted site 2 to the more 

impacted site 6 and also site 2 had the highest abundance of 

benthic macro invertebrates followed by site1 and regarding 

the diversity and species richness site 4 had the highest 

number of species diversity and richness. The percentage of 

Ephemeroptera, Heptageniidae and Plecoptera (EPT) 

increased from more impacted site to least impacted sites. 

The percentage of chironomidae decreased from more 

impacted site to least impacted site. In the study area, the 

river was subjected to human influenced factors such as 

agricultural activities, grazing and urbanization (discharge of 

paper mill wastes. Luo et al (2017) correlated water quality 

deterioration with lack of proper soil and water conservation 

Fig. 8. PCA analysis of the physicochemical factors
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Fig. 9. PCA analysis of macroinvertebrate families and their spatial diversity

measures, high number of cattle grazing, deforestation, and 

siltation, conversion of forest land into farmlands and effluent 

discharge from factories. In the study area, benthic 

population showed an inverse relationship with 

anthropogenic activities that the macro invertebrates 

declined correspondingly with the increase in anthropogenic 

activities. This study agrees with the findings of Berger et al 

(2018). Results of present study revealed that as habitat and 

water quality are degraded, number and percentage of EPT 

decreased, while percentages of Diptera and blood red 

chironomids increased. 

Variation in physico-chemical variables among sites: 

Principal components analysis of physico-chemical variables 

showed wide variation among the study sites (Fig. 8). Axis 1 

and axis 2 of the PCA explained 97.5 % of the total variance 

regarding the sites versus physico-chemical association, 

where the first axis and second axis contributed 73.04% and 

24.56% to the variation, respectively. Highest temperature, 

BOD and DO are strongly associated with site 5. High nitrate 

contents are positively associated with site 3 and ammonia is 

strongly correlated with site 1.  

Variation in macro invertebrate assemblages among 

sites: PCA analysis of macro invertebrate taxa in study area 

indicated that CHIR and DT is strongly associated with site 

S6 and S5 whereas DT is strongly associated with site S3 

(Fig. 9). 

CONCLUSION

Based on foregoing analysis, it was clearly shown that 

water quality of streams in awash catchment was directly 

correlated with human influences and in turn affected the 

distribution of benthic macroinvertebrate community. The 

mean of pH, PO  NO NH4  were among the six sites had 4 3

3- - , +H

no significance differences in the study area and the mean T, 

DO, EC, BOD  were had a significance difference among the 5

six sites. The percentage of dominant taxa was increased 

from least impacted site to the more impacted sites. Site 2 

had the highest abundance of benthic macro invertebrates 

followed by site 1. The percentage of Ephemeroptera, 

Heptageniid and Plecopteran (EPT) increased from more 

impacted site to least impacted sites. The percentage of 

chironomidae decreased from more impacted site to least 

impacted site. The H-FBI values were significantly lower at 

the upper stream and higher at downstream of the study 

areas. 
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