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Abstract 

Spatial and temporal trends in the water quality of Huluka River were assessed using 

physicochemical parameters, physical habitat assessment and biotic indices/metrics. The 

assessment involved insitu measurements and collection of water samples on monthly 

basis from June to December, 2014 as well as biological (epilithic diatoms and benthic 

macroinvertebrates) sampling and habitat survey in June and December from nine 

sampling sites coded S1 to S9 along the river using standard procedures. Soluble reactive 

phosphorus, nitrate-N, chemical oxygen demand and cadmium revealed increased water 

quality deterioration at downstream sites (i. e. S6, S7, S8 and S9) and during wet season. 

Conductivity, pH and dissolved oxygen also indicated increased water quality problems 

at the downstream sites, S7 and S6, respectively in both seasons. Physical habitat 

evaluation scores varied from 48% at S4 to 75% at S1 and relatively lower scores were 

recorded at S3, S4 and S6 in both monthes. A total of 115 diatom species belonging to 21 

genera with Achnanthes, Gopmhonema, Navicula and Nitzschia being the most common 

ones were identified from the samples collected of which 82 species representing 17 

genera and 71 species in 18 genera were collected in June and December, respectively. 

Gomphonema parvulumn (47%), Nitzschia palea (30%) and Acnanthidium minutissimum 

(25%) were the most dominant species collected in June while Nitzschia liebetruthii 

(80%), Acnanthidium minutissimum (70%) and Nitzschia amphibian (61%) dominated 

the epilithic diatom communities collected in December. A total of 22 families of benthic 

macroinvertebrates were identified from the samples collected of which 17 and 16 

families represented samples collected in June and December, respectively. Hirudinae 

(84%), Hydropsychidae (65%) and Chironomidae (52%) were the most dominant taxa 
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collected in June while Baetidae (74%), Caenidae (66%) and Hydropsychidae (61%) 

dominated the benthic macroinvertebrate communities collected in December. The spatial 

and temporal variations in most biotic indices/metrics determined including community 

loss index, saprobic index, trophic diatom index, % of Ephemeroptera and Trichoptera, 

%Diptera, Ephemeroptera and Trichoptera-Chironomidae ratio, the new Ethiopian 

scoring system and Functional Feeding Groups) also indicated Huluka River water 

quality deterioration mainly at downstream sites as it flows through Ambo town and in 

June. Taxa richness and diversity indices of the two assemblages also indicated a 

relatively more deteriorated water quality at the downstream sites. Results of Cluster and 

Canonical Correspondence Analyses also indicated water quality deterioration at 

downstream sites mainly S7 and S8 during both sampling monthes. Pressure from 

livestock, poor farming methods, destruction of riparian forest, the discharge of untreated 

or poorly treated sewage and poor solid waste management were the major environmental 

stressors identified impacting the water quality of Huluka River.  
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Chapter 1 Introduction 

Everywhere on the earth the life of people is intimately intertwined with fresh and often 

flowing water such as rivers which deliver a wide range of ecosystem services. Rivers are 

also sources of substantial biodiversity and support numerous species from all of the 

major groups of organisms ranging from microbes to higher forms (MEA, 2005). Despite 

humanity‟s reliance on flowing water, human activities have severely degraded the 

quantity and quality of rivers worldwide, diminishing their ability to provide valuable 

ecosystem services and driving species to extinction (Malmqvist and Rundle, 2002).  

 

Rivers are changing systems in nature: over years, decades, centuries, they change in 

position, bank, bed, water and community (Haslam, 1997). However, the way they 

change, particularly under human impact is to be watched with care. Explanations for 

patterns relay on links at a variety of spatial and temporal scales, both within the river 

and the landscape through which it flows (Haslam, 1997; Malmqvist and Rundle, 2002). 

These links operate in three spatial dimensions namely, the longitudinal links along the 

length of the river system from upstream to estuary; lateral links extending beyond the 

channel and including associated wetlands and vertical links with and through the 

riverbed encompassing the ground water system each of which has a temporal dimension. 

Many human activities interfere with the natural dynamics of river ecosystems in ways 

that can be examined from these four different perspectives (Leveque, 1997). Therefore, 

human impacts must be considered against these backgrounds of spatial linkages and 

temporal variability.   
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Environmental pollution has become a key focus of concern all over the world and has 

many forms. The air we breathe, the water we drink, the ground where we cultivate our 

food crops and even the increasing noise we hear everyday all contribute to health 

problems and lower quality of life. Among all the environmental pollutions, pollution of 

freshwater resources especially flowing waters is a matter of great concern.  The rapid 

growth of human populations and the attendant increase in domestic sewage, agricultural 

development and industrialization are the main causes of water quality deterioration on 

all scales (Leveque, 1997). 

 

Ethiopia, with its different geological formations and climatic conditions, is endowed 

with twelve major rivers and many others including Huluka River, over fifteen natural 

lakes, many swamps, marshes, floodplains, and manmade reservoirs. Most of the lakes in 

the country lie in the rift valley and a large number of rivers flowing on either side of the 

valley form a drainage network that covers most of the country. The inland waters 

constitute a valuable natural resource storing fresh water for domestic consumption, 

irrigation, some industrial purposes, generating electricity, recreation, domestic animals 

and supporting many species of harvestable fish, birds of great tourism attraction as well 

as several other species. 

 

Huluka River has long been used for a variety of purposes including source of public 

water supply, small scale irrigation, bathing, washing, livestock watering and recreation 

(Appendix 17). Nevertheless, poor farming methods, overgrazing and deforestation 

which are the most common causes of catchment degradations in the country (Zinabu 
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Gebre-Mariam, 1998), remain serious problems in the river catchment as well. Moreover, 

Ambo town through which the river flows is currently expanding and supports a rapidly 

growing population.  

 

New residential settlements, business complexes, educational institutions including AU, 

health care facilities, hotels, recreational centers and automobile workshops are booming 

up in the town and generate various wastes discharged with no or little treatment to the 

river. Reports (e. g., Dejene Hailu and Worku Legesse, 1997; Tamiru Alemayehu, 2001) 

indicate that in Ethiopia many rivers and streams are heavily polluted as they flow 

through major cities and towns and Huluka River is not an exception.  

 

Recently, a Waste Stabilization Ponds (WSPs) system comprising seven ponds (Fig. 2) 

has also been designed and constructed at AU main campus to handle the wastes 

generated by students and different units with a standard of effluents to be fit for 

releasing to Huluka River. Currently, the campus supports a large number of students 

(about 16,000) in different programs and comprises many academic units‟ laboratories, 

student services facilities, staff services, conference hall, livestock husbandry, clinic, 

garage, parking and abattoir which generate wastes of various composition and 

characteristics. Indeed, the student intake capacity and number of programs at the campus 

are rapidly growing from year to year and so do the volume and presumably composition 

of the wastewater generated. Nevertheless, nothing is known about the performance 

efficiency of the WSPs system and possible downstream impacts of its effluents. 
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Available information (e. g., Simachew Dires, 2008; Adane Sewhunegn, 2011; 

Hunachew Beyene and Getachew Redaie, 2011) verifys that some of the WSPs in 

Ethiopia are not effective as effluents are not meeting several discharge standards. The 

authors attributed failure of the ponds to ambient temperature and design problems, 

among other things, and indicated a potential risk to the effluent receiving ecosystem and 

human health.  

 

Previous reports (e.g., Prabu et al., 2008, Tadesse Mumicha, 2010, Prabu et al., 2011) 

made before introduction of the treatment plant based on some physicochemical analyses 

indicated that Huluka River water quality was declining downstream. The authors pointed 

out that majority of the physicochemical parameters determined showed an increasing 

trend downstream. Tadesse Mumicha (2010) further reported that densities of the 

indicator bacteria colony found in Huluka River extremely exceeded the maximum 

permissible limits set for drinking, bathing and swimming by WHO (1996). 

  

Analyses of selected heavy metals (Cu, Fe, Mn, Co, Cd and Zn) by Prabu et al. (2011) 

indicated that the concentrations of Cd, Co and Mn in Huluka River water were above the 

allowable concentrations of WHO (1984) for drinking and/or irrigation water. In 

addition, Tadesse Mumicha (2010) reported downstream increasing trend in the 

concentration of Co, Cr, Cd, Cu, Ni, Mn, Fe as well as Zn and indicated that the 

concentrations for Cd, Mn, Ni and Zn in the river exceeded the permissible limits set by 

European Commission (EC). 
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These imply that Huluka River is likely getting contaminants from non-point (surface 

runoff from the surrounding agricultural lands, municipality as well as soil leaching) and 

point (e.g., the WSPs system at AU) sources.  The central hypothesis of the thesis was, 

thus, there is no spatial variation in the water quality of Huluka River and this work was 

proposed to prove or disprove the hypothesis using physicochemical and biological 

methods. 

 



6 
 

Chapter 2 Literature Review  

  2.1 River Water Quality Deterioration 

Clean, safe, and adequate fresh water is vital to the survival of all living organisms and 

the smooth functioning of ecosystems, communities, and economies. Evidently, fresh 

water is an essential natural resource for humankind and central to sustainable 

development as well as poverty alleviation. Consequently, many authors describe it as oil 

of the 21st century while it is indeed life.  

 

Yet, in many parts of the world fresh water availability is severely limited and its quality 

is increasingly undergoing deterioration (Chandra, 1996). The same source further points 

out that shortage of fresh water and deterioration of its quality which are already serious 

issues in most parts of the world are expected to worsen in the 21st century. These imply 

that the challenge of fresh water in the 21st century is one of both quantity and quality 

(UNEP, 2010).  

 

Hopkins (1998) predicts that Ethiopia will face water scarcity by 2025 exactly when the 

country plans to become a middle income country. Wastes are also directly discharged 

with little or no treatment to many streams and rivers in the country crossing towns or 

cities as if they are open sewers. These imply that the challenge with fresh water in 

Ethiopia may also be of both quantity and quality if the available resource is not properly 

managed in an integrated way.  
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Poor water quality threatens the health of people and ecosystems, reduces the availability 

of safe water for drinking and other uses, limits economic productivity and development 

opportunities. Women, children, and the economically disadvantaged are the most 

affected by water quality impacts as women are forced to travel long distances to reach 

safe water; over 90 percent of those who die as a result of water-related diseases are 

children under the age of 5, and the poor are often forced to live near degraded 

waterways and unable to afford clean water (WHO and UNICEF, 2000). WEHAB (2002) 

discloses that about 1.2 billion people had no access to safe drinking water and some 2 

million children were dying every year from water-related diseases.  

 

Streams and rivers are under various changes due to anthropogenic activities in their 

catchment areas (Qadir and Malik, 2009). Often, poor water quality is the result of the 

combined effects of a variety of activities in catchments. Some pollution comes from 

sources which can be pin-pointed like a factory called “point” sources. However, many of 

the pollutants which enter fresh water ecosystems come from a wide area, for example 

fertilizers used throughout a farming area, or on parks and gardens. These are “non-

point” (diffuse) sources and harder to manage.  

 

With the increasing population, urbanization, industrialization and intensification of 

agriculture, the volume of wastewater generated is steadily growing and must be 

assimilated into the environment without impairing the health and well being of man. 

Growing populations will potentially magnify degraded water quality impacts whereas 

climate change will create new water quality challenges (UNEP, 2010). 
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Continued inputs of contaminants will ultimately exceed an ecosystem‟s resilience 

leading to dramatic, non-linear changes that may be impossible to reverse. Thus, it is 

often necessary to assist the natural process of purification  through the use of waste 

water treatment plants like Waste Stabilization Ponds (WSPs) whose effluents can; 

however, be still polluting if not properly treated before discharge (Glyona, 1971). 

 

While it is equally important for satisfying basic human and environmental needs water 

quality has received far less investment, scientific support, and public attention in recent 

decades than its quantity. Hence, water quality deterioration from human activities will 

likely continue harming human and ecosystem health (Delpla et al., 2009). Available 

information (e. g., MEA, 2005 and Censi et al., 2006) verifies that excessive nutrient 

loads and heavy metals are among the fresh water contaminants of primary concern. 

    2.1.1 Nutrient Enrichment 

Nutrient enrichment has become the planet‟s most widespread water quality problem 

(UN WWAP, 2009). Nutrients most responsible for water quality degradation via 

eutrophication are nitrogen, phosphorus and silica which are found in the aquatic 

environment as dissolved inorganic or organic forms (Karafistan and Arik-colakoglu, 

2005). Land uses are usually associated with nutrient enrichment and most of the external 

sources of nutrients flow into rivers directly from streams or from shorelines. Human 

sewage, animal waste, and plant residue contain organic material which aquatic bacteria 

decompose and produce additional nutrients for plant growth.  
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Associated with nitrogen and phosphorus from agricultural runoff as well as human and 

industrial waste, nutrient enrichment can increase rates of primary productivity (the 

production of plant matter through photosynthesis) to excessive levels, leading to 

overgrowth of vascular plants (e.g. water hyacinth), algal blooms, and the depletion of 

dissolved oxygen (increased BOD) in the water column, which can stress or kill aquatic 

organisms (UNEP GEMS/Water Program, 2008). UNEP (2010) reports that nutrient 

enrichment can increase the abundance of cyanobacteria (blue green algae), which 

produce toxins that can affect humans, livestock, and wildlife that ingest or are exposed 

to waters with high levels of algal production. In addition, nitrate in drinking water has 

been linked to human health problems such as methaemoglobinaemia (blue-baby 

syndrome), stomach cancer and negative reproductive outcomes (UNEP GEMS/Water 

Program, 2008). 

 

Eutrophication can also lead to changes in the composition of aquatic fauna, particularly 

the disappearance of species with high oxygen requirements; thus, biodiversity of aquatic 

communities is often compromised in nutrient enriched environments (Boatman et al., 

1999). Nutrient enrichment can also cause acidification of freshwater ecosystems, 

impacting biodiversity (MEA, 2005). 

 

2.1.2 Contamination by Heavy Metals 

Heavy metals are the stable metals or metalloids whose density is greater than 5g/cm3 and 

include Hg, Cd, Co, Pb, Mo, Ni, Cu and Zn (Nies, 1999). Among environmental 

pollutants, heavy metals are also of particular concern due to their potential toxic effect 
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and ability to bioaccumulate in aquatic ecosystems (Censi et al., 2006). Heavy metals 

can‟t be degraded or destroyed, and therefore tend to accumulate in soils, water and 

sediments (Vardanyan et al., 2008).  

 

Though heavy metals are natural constituents of the earth‟s crust, human activities have 

drastically altered the biochemical and geochemical cycles and balance of some heavy 

metals (Vardanyan et al., 2008). Pollutants enter aquatic ecosystems via numerous 

pathways, including effluent discharge, industrial, urban and agricultural runoff, as well 

as air born deposition. The principal man made sources of heavy metals are industrial 

point sources (mines, foundries and smelters, etc) and diffuse sources (combustion 

byproducts, traffic, etc) (Vardanyan et al., 2008). Heavy metals including both essential 

and non-essential elements have a particular significance in ecotoxicology, since they are 

highly persistent and all have the potential to be toxic to living organisms (Storelli et al., 

2005). Toxic metals cause toxicity to organisms even at ppm level of concentration and 

heavy metal poisoning could result from drinking-water contamination, high ambient air 

concentrations near emission sources, or intake via the food chain. 

 

2.2 River Water Quality Monitoring 

   2.2.1 Physicochemical Methods 

Previously, water quality monitoring was based mainly on physicochemical parameters, 

which indicate the quality of water (presence and level of contaminants) at the time of 

sampling only, and still the commonest method in developing countries (Barbour et al., 

1999). Physicochemical parameters are precise, discriminatory and quantitative for the 
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variables to be determined at the moment of sample collection. But there are thousands of 

chemicals that may be discharged to streams and only few chemicals are selected for 

routine chemical analysis and the concentrations of pollutants vary with time leaving 

their effect for many weeks or months.  

 

Moreover, chemical analysis is costly, time consuming, and may not always give an 

accurate reflection of general water quality; only regular measurements can provide an 

integrated overview of general water quality. Thus, in running waters, where changes in 

hydrology are rapid and difficult to estimate, they cannot reflect the integration of 

numerous environmental factors and long-term sustainability of river ecosystems for their 

instantaneous nature (Li et al., 2010).  

 

With the increasing amount and variety of pollution of surface and other waters in the 

modern world, there is an increasing need for simple, rapid and reliable methods for 

assessing the degree of purity or contamination of water. In recent decades, a significant 

effort has been put forth all over the world to assess water quality attending to not only to 

chemical parameters (nutrients, metals, pesticides, etc.), which are obviously important, 

but also to biological indicators. Biotic indices have gained momentum in rivers to 

chemical analysis because the latter provides snapshot information on a constantly 

changing lotic system (Taylor et al., 2007; Li et al., 2010). 
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    2.2.2 Biomonitoring  

Increasing anthropogenic influence on lotic environments as a result of civilization has 

captured public interest because of the consequent problems associated with deterioration 

of water quality. Human activities may alter the physical, chemical, or biological 

processes associated with water resources and thus modify the resident biological 

community (Karr, 1991). In fact, one of the undesirable consequences of pollutants is 

their effect on biota. In this case, the direct study of the effects of pollution on biota is of 

great interest. Because they focus on living organisms whose very existence represents 

the integration of conditions around them biological evaluations can diagnose chemical, 

physical, and biological impacts as well as their cumulative effects (Karr and Chu, 1997). 

The same source further states that although people recognized long ago that human 

activities produced pollution harmful to biota, it is only during the past two decades that 

aquatic biota has come to the fore, and biological monitoring is becoming part of water 

managers‟ tool kit.  

 

Biomonitoring, or biological monitoring, is generally defined as “the systematic use of 

living organisms or their responses to determine the condition or changes of the 

environment” (Rosenberg, 1998). Biomonitoring in its most rudimentary form probably 

had its origin in the minds of fish wardens, river keepers, and minders of lakes and ponds. 

Anyone living near a water body has a sense of biomonitoring, although not necessarily a 

scientifically rigorous one. The use of biological methods or biomonitoring is now 

recognized as one of the most valuable tools available in the arsenal of environmentalists 

and has proved invaluable in tracking water quality trends over time (Mandaville, 2002). 
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Various biological monitoring methods that provide a direct measure of ecological 

integrity by using the response of biota to environmental changes have been developed to 

monitor the ecological status of lotic environments.  

 

Living communities reflect watershed conditions better than any chemical and physical 

measure because they respond to the entire range of biogeochemical factors in the 

environment (Karr, 1991). In order to achieve and maintain the highest water quality in 

rivers and streams environmental advocates are using the resident organisms of these 

waters as sensitive indicators of change (Karr, 1991). Karr and Chu (1999) states that, “If 

we fail to protect the biology of our waters we will not protect human uses of that water”.   

A disadvantage of biological methods is that it may be difficult to relate observed effects 

to specific aspects of environmental disturbance, such as contamination or natural 

changes. For example, methods do not always provide precise information on the identity 

of a contaminant unless supplementary information from chemical analyses is available. 

In addition, the response of organisms may be affected by their natural cycles, such as 

life cycle stage and reproductive condition.  

 

Thus, like other techniques, biological monitoring methods should be developed and 

interpreted with care (Bartram and Balance, 1996; Giller and Malmqvist, 1998). 

Moreover, biological monitoring should not be seen as an alternative to physical and 

chemical monitoring but as a useful complementary approach (Karr, 1991). Together 

physicochemical and biological methods constitute the basis to a correct assessment of 
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the quality of running waters (Li et al., 2010), and hence the approach in the present 

study. 

 

Oliveira and Cortes (2006) reported that biological monitoring programs have been 

developed with different purposes, such as: general ecological status surveillance of 

aquatic ecosystems; setting up protection and restoration goals; diagnosis of specific 

environmental problems; evaluation of impacts (before and after a pollutant source or 

upstream and downstream of a disturbance focus); assessment of the agreement between 

applied management procedures with the ecological goals or quality standards; long term 

trends detection as a result of different impacts, and effective analysis of rehabilitation 

measures.  

 

Some of the advantages of biological monitoring include: 1) biological communities 

reflect overall ecological integrity (i.e., chemical, physical, and biological integrity), 2) 

biological communities integrate the effects of different stressors and thus provide a 

broad measure of their aggregate impact, 3) communities integrate the stresses over time 

and provide an ecological measure of fluctuating environmental conditions, 4) routine 

monitoring of biological communities can be relatively inexpensive, particularly when 

compared to the cost of assessing toxic pollutants, either chemically or with toxicity tests, 

5) the status of biological communities is of direct interest to the public as a measure of a 

pollution free environment, and 6) where criteria for specific ambient impacts do not 

exist (e.g., nonpoint-source impacts that degrade habitat), biological communities may be 

the only practical means of evaluation (Barbour et al. 1999; USEPA, 2002). 
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    2.2.2.1 Biological Integrity of River  

Biological integrity is defined as “the ability of an aquatic ecosystem to support and 

maintain a balanced, adaptive community of organisms having species composition, 

diversity, and functional organization comparable to that of natural habitats within a 

region” (Karr and Dudley, 1981), and the core concept in the biological water quality 

monitoring (Karr, 1991). River biological integrity reveals itself in the condition, 

abundance, and diversity of its biota (Hill et al., 2001). Protecting the biological integrity 

of water protect human uses of that water, whether for drinking, fishing, washing, 

flushing, shipping, irrigating, generating electricity, or making money in countless ways 

(Karr and Chu, 1999).  

 

Reference condition, which represents the least impaired habitat type within a certain 

region along the gradient of anthropogenic disturbance is important in the biotic integrity 

concept to provide an upper bound on the disturbance gradient against which biological 

attributes may be calibrated (Deberry and Perry, 2005). In most cases, it is unrealistic to 

expect the reference condition to be pristine (i.e., exhibiting no anthropogenic 

disturbance), because there are few natural habitats that have remained unaffected by 

human activities.  

 

However, those that are “minimally impaired”, i.e., sites “that exhibit the least degree of 

detrimental effect” (Barbour et al., 1999), are typically identifiable within a particular 

region, and are helpful in establishing a baseline reference condition from which a 
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gradient of human disturbance may be visualized in biological assessments. A reference 

can be an unaffected reach in the same stream or in a neighboring stream of the same 

order (Mandaville, 2002). Streams draining watersheds of the same size, with comparable 

land uses and habitats, and in the same region are more likely to contain similar aquatic 

communities than those draining watersheds of a different size or in a different region. In 

effect, streams acquire their characteristics from their watersheds.  

 

     2.2.2.2 Bioindicators of River water Quality 

Biomonitoring is based on the straightforward premise that living organisms are the 

ultimate indicators of environmental quality (Karr, 1991). Biological indicators are 

particularly important for monitoring water quality because they show the cumulative 

effects of present and past conditions, while chemical and physical measures apply only 

to the moment of sampling (Michels, 1998). According to Mandaville (2002) chemical 

measurements are like taking snapshots of the ecosystem whereas biological 

measurements are like making a videotape.  

 

Monitoring of the biological integrity and ecological status of running waters can be 

carried out using diverse groups of organisms, such as macroinvertebrates, diatoms, fish, 

microorganisms and macrophytes. Each group reflects environmental stresses in different 

ways and can be used to assess river health. They have the potential to provide an 

integrated response to a number of stresses as well as measures over different time-scales. 

Measurements (endpoints) used for river ecosystems may be selected from any level of 

biological organization (suborganismal, organismal, population, community, and 
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ecosystem). However, the historical focus has been on ecological methods and higher 

levels of organization, e.g. populations, communities, and ecosystems. 

 

Selective responses to particular stresses at the group, taxon and species levels can help 

to identify specific sources of stress such as a particular type of chemical pollution or 

change in habitat structure (Schofield and Davies, 1996). Each type of indicator organism 

has its own advantages and disadvantages, and consequently situations exist where one 

assemblage is better suited than others. Each assemblage has unique properties and 

unique responses to different types of stress, which is a key reason for creating 

assessment programs which incorporate multiple lines of evidence to measure 

impairments which may be masked by the temporal or spatial habits and/or lack of 

sensitivity of an individual assemblage (Barbour et al., 1999; CCME, 2006).  

 

An “ideal” indicator at least should have the following characteristics: 1) taxonomic 

soundness (easy to be recognized by non-specialist), 2) wide or cosmopolitan 

distribution, 3) low mobility (local indication), 4) well-known ecological characteristics, 

5) numerical abundance, 6) suitability for laboratory experiments, 7) high sensitivity to 

environmental stressor(s), and 8) high ability for quantification and standardization 

(Johnson et al., 1993). Periphyton, benthic macroinvertebrates and fish are the most 

common indicators in river biomonitoring, which can be used separately or 

contemporaneously (Li et al., 2010). 
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        2.2.2.2.1 Diatoms 

The assessment of water quality conditions in freshwater habitats using benthic diatoms 

dates back to as early as the beginning of the 1900 century when Kolkwitz and Marsson 

(1908) first attempted to use diatoms as indicators of pollution in aquatic environments. 

Water quality assessment protocols based on the use of diatoms (Bacillariophyceae) are 

now well developed and their value substantiated at an international level (Reid et al., 

1995; Barbour et al., 1999). The method is applicable across a wide range of aquatic 

ecosystem types, namely fresh water, brackish, and estuarine, and is inclusive of both 

lentic and lotic environments, wetlands and their associated damp, marginal and littoral 

zones. The increasing demand for environmental impact assessment and the reliance on 

benthic diatoms as a tool to monitor the ecological quality of rivers have also been 

highlighted by the European Water Framework Directive (European Commission 2000) 

(Chaib et al., 2011). 

 

Many diatom species are found in many parts of the world and this has led to 

expectations of massive databases being available for diatom-based assessments of water 

quality. A potential benefit of these cosmopolitan distributions and data bases is the 

opportunity to use assessment tools from other regions or continents to characterize water 

quality at a chosen site such as Huluka River. The use of diatoms as a diagnostic tool for 

water resources was tested and found to be successful and promising in South Africa and 

Kenya, among African countries (Ndiritu et al., 2003; Harding et al., 2005; Taylor et al., 

2007).  
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However, there has been little research conducted using diatoms as a river water quality 

monitoring tool in Ethiopia (e.g., Abebe Beyene et al., 2009) which compared them with 

macroinvertebrates in assessment of the water quality of streams in Addis Ababa. Gasse 

(1978) developed the first notations and ecological indicator values to diatoms in her 

work at the Senatti plateau and Habte Jebessa (2012) used the bioindicators in his study 

on historical ecology of the Bale Mountains National Park over the Holocene.  

 

Despite their infrequent use by state monitoring agencies, diatoms provide the following 

essential suite of diagnostic attributes: 1) universal occurrence in lotic and lentic 

ecosystems, 2) field sampling is rapid and easy, 3) microscopic techniques are reliable, 4) 

the ecological requirements of diatoms are better known compared to other groups of 

aquatic organisms, 5) shortest life cycles (ca. 2 weeks) of all bioindicator organisms-

primarily photoautotrophic organisms reproduce profusely and respond to environmental 

changes and provide early indication of both pollution impacts and habitat restoration, 6) 

sensitive to changes in nutrient concentrations-growth response is directly affected by 

changes in prevailing nutrient concentrations and light availability, each taxon has 

specific optimum and tolerance for nutrients such as phosphate and nitrogen, 7) their 

assemblages are typically species rich-a large number of taxa provide redundancies of 

information and important internal checks, in datasets, increasing the confidence of 

environmental inferences, 8) the taxonomy of diatoms is comprehensively documented 

largely based on frustule morphology an attribute readily identifiable with modern light 

microscope and image analysis techniques, and not, in most cases, dependent on electron 

techniques,  9) diatom frustules have a lasting permanence in sediments, such that 
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sediment cores provide details of changes in the quality of the overlying water and the 

past climate changes, 10) availability of ecologically associative information worldwide, 

11) permanent records can be made from every sample by means of slides, 12) unlike 

invertebrates, diatoms do not have specific food requirements, specialized habitat niches, 

and are not governed to a major extent by stream flow, and 13) the availability of 

interpretive software packages (e. g., OMNIDIA) (Barbour et al., 1999; De la Rey et al., 

2004; Harding et al., 2005). 

 

Therefore, incorporation of diatoms into a biological water quality monitoring program 

offers the aforementioned several advantages. Besides, diatom species occur in a wider 

variety of waters than invertebrates or fish, and are particularly useful as early warning 

indicators (CCME, 2006). They are also suited for monitoring very heavily impacted 

systems where other types of organisms are absent (Harding et al., 2005). The use of 

diatoms (phytobenthos) for monitoring of running waters can benefit from existing 

information on sensitivity of indicator taxa to various impairments, experience with 

monometric assessment systems (indices) and taxomomic expertise developed in the past 

decades from countries that incorporated diatoms in water quality monitoring.  

 

Diatoms are used frequently in monitoring European rivers because they respond strongly 

to environmental changes and due to their short life cycles such changes can be identified 

quickly (Rott et al., 2003). Sensitivity to eutrophication/organic pollution, acidity, 

salinity and current velocity are well established and they are incorporated into new 

methodological approaches, standards and practice of water management (Karel and 
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Krzysztof, 2006). Neverthelss, Kelly et al. (1995) cites the large number of species and 

the need for taxonomic expertise as obstacles to widespread use of diatoms for biological 

monitoring. 

 

“Few objects are more beautiful than the minute siliceous cases of the diatomaceae: are these created that they might be 
examined and admired under the higher powers of the microscope?” Charles Darwin, The origin of Species, 1872 

 

       2.2.2.2.2 Macroinvertebrates  

The use of macroinvertebrates to assess river water quality began in Germany early of 

20th century (Bartram and Balance, 1996). Macroinvertebrates are ubiquitous and 

abundant in aquatic ecosystems and relatively easy to collect and identify (at least to 

family level) (Barbour et al., 1999). No expensive equipment is necessary for their 

collection. These organisms are usually relatively immobile, thereby indicating local 

conditions and, since many have life spans covering a year or more, they are also good 

integrators of environmental conditions (USGS, 1987; Barbour et al., 1999). 

Macroinvertebrates are a heterogeneous collection of evolutionary diverse taxa and it is 

therefore likely that at least some will react to specific changes in chemical water quality 

(Triest et al., 2001; Walsh, 2006). Thus, the macroinvertebrates community is the most 

frequently used biological community for water quality assessment in rivers (Walsh, 

2006). 

 

Benthic macroinvertebrates are a primary food source for fish, and as such can provide 

valuable information on the relative health of the fish community (Bartram and Balance, 

1996; Barbour et al., 1999; Walsh, 2006). It is sometimes possible to get a qualitative 
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impression of water quality in the field because the presence or absence of certain groups 

is related to their tolerance to specific environmental conditions such as organic pollution 

and are relatively well documented (Barbour et al., 1999).  

 

Benthic macroinvertebrates, as a group, exhibit a relatively wide range of response (Table 

1) to chemical and physical water quality stressors (pH, temperature, dissolved oxygen, 

organic pollutants, heavy metals, sedimentation, etc.) and thus can serve as biological 

indicators of water pollution. Some macroinvertebrates are tolerant of degraded water 

quality conditions, while others are pollution sensitive (Fig. 1). Many snails, worms and 

midge larvae belong to the former group, while the most widely recognized members of 

the latter group are the Ephemeroptera, Plecoptera and Trichoptera (EPT) (Hilsenhoff, 

1988; Bartram and Balance, 1996). 
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Fig. 1 General pollution tolerance for common aquatic organisms (Source: Zimmerman, 

1993). 

 

Although biological water quality monitoring using aquatic invertebrate method is widely 

used, their use is variably limited by hydrology, substrate(s), habitat, and food 

availability, seasonal and spatial variations (Harding et al., 2005). Proper interpretation of 

the significance of water quality variables in a sample taken from a river requires 

knowledge of the velocity of flow of the river at the time and place of sampling as it has 
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great role in the re-aeration to restore the oxygen consumed by biodegradable material 

and can dislodge and transport lotic organisms downstream. Not only different substrates 

harbor different assemblages of animals, but the invertebrate density, diversity, and 

biomass also vary among them. As a general rule, diversity and abundance tend to 

increase with substrate stability (which itself increases with mean particle size) and with 

the presence of organic detritus. Sandy substrates are thus thought to be the poorest, due 

to their instability.  

 

Also, as embeddedness increase, biotic productivity of habitat tends to decrease since the 

deposition of the silt affects inhabitability of the substrate by altering interstitial water 

movement, clogging interstitial space, and reducing oxygen and food availability. 

Substrate heterogeneity is important and provides a greater range of surface to colonize 

and of microflow patterns (Giller and Malmqvist, 1998; Barbour et al., 1999). Thus, 

evaluation of habitat quality is critical to any assessment of ecological integrity. When 

collecting aquatic organisms, it is important always to collect information about the 

habitat they are living in. This assessment can provide clues to why the organism sample 

scores vary at a spatial or time scale.  
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Table 1. Definitions of benthic macroinvertebrate metrics and predicted direction of 

index response to increasing perturbation (Barbour et al., 1999). 

Category Metric Definition 
Predicted response to 

increasing disturbance 

Richness 

measures 

Total number 

of taxa 

Measures the overall variety of 

macroinverebrate assemblage 
Decrease 

No. of EPT 

taxa 

Number of taxa in the orders 

ephemeroptera, plecoptera, and 

trichoptera 

Decrease 

Composition 

measures 
% EPT 

Percent of the composite of 

mayfly, stonefly and caddisfly 

larvae 

Decrease 

Tolerance or 

Intolerance 

measures 

No. of 

Intolerant 

taxa 

Taxa richness of those organisms 

considered sensitive to 

perturbation 

Decrease 

% of 

Tolerant 

organisms 

Percent of microbenthos 

considered to be tolerant of 

various types of perturbation 

Increase 

% Dominant 

taxon 

Measures the dominance of the 

single most abundant taxon 
Increase 

Feeding 

measures 

% Filterers 

Percent of the macrobenthos that 

filter food from either the column 

or sediment 

Variable 

% Grazers 

and scrapers 

Percent of the macrobenthos that 

scrape or graze upon periphyton 
Decrease 

% Gatherers 

and filterers 
Percent of collector feeders Variable 

% Gatherers 
% Gatherers Percent of the 

macrobenthos that  “gather” 
Variable 

% Predators % predator functional feeding group Variable 
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The use of macroinvertebrates as indicators of environmental change in Ethiopia dates 

back to the 1980s (e.g., Harrison and Hynes, 1988; Tesfaye Berhe et al., 1989), with a 

renewed interest in recent years following the advent of multimetric assessment methods 

(e. g., Worku Legesse 2000; Aschalew Lakew, 2007; Taffere Addis, 2008; Abebe Beyene 

et al., 2009; Solomon Akalu et al., 2011; Mereta Seid et al., 2013, Aschalew Lakew and 

Moog, 2015a, b). Tesfaye Berhe et al. (1989) studied the trends of macroinvertebrate 

species and physicochemical parameters along the Abo-Kebena River system while 

Worku Legesse (2000) tested the sensitivity of some macroinvertebrate indices developed 

elsewhere in Kebena River water quality assessment. Taffere Addis (2008) compared 

macroinvertebrates with diatoms as bioindicators of stream water quality in Addis Ababa 

and Solomon Akalu et al. (2011) assessed human impacts on the Greater Akaki River 

using macroinvertebrates. Mereta Seid et al. (2013) developed a multimetric index based 

on macroinvertebrates for the assessment of natural wetlands in Southwest Ethiopia. 

Aschalew Lakew and Moog (2015a, b) developed benthic macroinvertebrates based new 

biotic score “ETHbios” and a multimetric index for assessing the ecological conditions of 

highland streams and rivers in Ethiopia. 
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Chapter 3 Research Questions and Objectives 

  3.1 Research Questions 

•  Are there variations in the levels of physicochemical water quality parameters along 

Huluka River?  

• What are the conditions in the physical habitats at the sampling sites along the river? 

•  Is there any change in the species composition and abundance of epilithic diatoms 

along the ecosystem?  

• Is there any change in the kinds and abundances of benthic macroinvertebrates along 

Huluka River? 

• What is the trend in the water quality of Huluka River as indicated by 

physicochemical and biological assessments? 

   3.2 Research Objectives  

•  To determine trends in the levels of physicochemical variables including major 

nutrients, COD and selected heavy metals in Huluka River water 

•  To assess the physical habitats at the sampling sites along the river 

•  To investigate changes in the species composition and abundance of epilithic diatoms 

along the ecosystem 

•  To examine changes in the kinds and abundance of benthic  macroinvertebrates along 

Huluka River 

•  To determine trends in the water quality of Huluka River based on physicochemical 

and biological assessments 
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Chapter 4 Description of the Study Area 

4.1 Location and Climate  

Huluka River (Fig. 2) has a catchment area of 152 km2 and located in the Abay River 

basin. It is situated at 8046‟-8059‟N, 37049‟-38003‟E and an elevation of 1947-2818 m 

a.s.l. The river originates from Lake Dandi at about 39 km South of Ambo town through 

which it flows at a distance of about 115 kms west of the capital, Addis Ababa and 

constitutes the main source of water supply for the town as well as nearby areas. Ambo 

town is recently growing rapidly with a total population of about 67,470 (CSA, 2013). 

Debis River which flows in the northern part of the town at a distance of 3 km from its 

center joins Huluka River before they both join Guder River to ultimately end up in Abay 

River. Huluka River is perennial with a mean flow of about 15,000 and 75,000m3/day 

during dry and rainy seasons, respectively.  

 

The mean annual temperature around Huluka River ranges between 150C and 220C while 

the mean annual precipitation varies between 1800 mm and 2200 mm (National 

Meteorological Agency, 2012). March to May constitutes the hottest months while 

October to December makes up the coldest months in the study area. Maximum rainfall 

occurs in July and August while dry months extend from October to May with some 

intermittent rains in February to April.  
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4.2 Selection and Descrption of Sampling Sites 

A total of 9 sampling sites coded S1 to S9 (Fig. 3) along Huluka River course from 

source (outlet of Lake Dandi) to the point where it joins with Teltele stream down Ambo 

town were selected for the study considering processes affecting water quality and their 

influences, accessibility and historical data. Of these, S1 and S2 are located at upstream 

reaches and S3 lies slightly down the point of water abstraction for Ambo town public 

supply before entering the town. S4 lies upstream to Abbabech bridge and surrounded by 

urban and agricultural land uses on the right and left river banks, respectively while S5 is 

located upstream to the main bridge where cloth washing takes place commonly. S6 lies 

in the middle of the town upstream to the small bridge to Arada and supports mixed water 

uses. S7 is situated down the market center and shopping complexes and S8 lies 

immediately downstream of the AU WSPs (Fig. 2) effluent discharge point. S9 is located 

down Ambo town at about 250m from a cascade upstream to the point where Teltele 

stream joins the river.  

 

 

 

 

 

 

 

Fig. 2 The WSPs at AU main campus 
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The potential sources of pollution at the sampling sites along Huluka River were 

agricultural (suspended sediments, agrochemicals and animal excreta), residential, 

commercial and institutional (Appendix 16). The high livestock population supported by 

the wetland around Lake Dandi was the potential stressor at the upstream sites (S1 and 

S2). Sediment inputs and contamination with nutrients through surface runoff of 

agricultural lands enhanced by the degraded riparian vegetation were the potential 

stressors at S3, S4 and S5. Effluents from irrigable agricultural land and heavy solid 

waste disposal along the river banks at S4 and intense cloth washing at S5 might also 

affect the water quality at the respective sites. There could also be some pollution at S4 

and S5 related to wastes discharged from residences and commercial centers.  

 

Sewage discharged from domestic sources and commercial centers, solid waste disposal, 

open defecation as well as contaminations from automobile workshops and petrol 

distributing centers might be important stressors at S6 especially during rainy season. 

Wastes from domestic sources, market center, business complexes and abattoir might 

affect the water quality at S7. The waste treatment plant at AU campus which discharges 

its effluents directly to the river constitutes a potential point source of pollution at 

downstream sites especially S8.  
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Fig. 3 Map showing sampling sites along Huluka River and location of the WSPs in 

relation to the river.  
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Chapter 5 Materials and Methods 

  5.1 Field Data and Sample Collection 

  5.1.1 In situ Measurements  

Water pH, conductivity and turbidity were measured at each sampling site with a portable 

digital pH meter (Jenway, model 370), a digital conductivity meter (Elmeiron model CC-

505) and turbidity meter (Hanna, HI 93703-11), respectively on monthly basis for six 

months during the sampling period (Appendix 1). DO and water temperature were also 

measured with an oxygen meter (model YSI-5000) combined with oxygen-temperature 

probe. Altitude, longitude and latitude were measured using global positioning system 

(GPS) model Garmin, etrex 12 channel GPS.  

 

    5.1.2 Physical Habitat Assessment 

A visual habitat assessment was conducted concurrently with the measurement of the 

water quality parameters and recorded for each monitoring reach during collection of 

biological samples. Habitat features were scored with the USEPA‟s rapid bioassessment 

protocol habitat assessment procedure given in Barbour et al. (1999). The assessment 

involved rating 10 habitat parameters (epifaunal substrate/available cover, embeddedness, 

velocity/depth regime, sediment deposition, channel flow status, channel alteration, 

frequency of riffles, bank stability, vegetative protection and riparian vegetative zone 

width) as optimal, suboptimal, marginal and poor. All the parameters were evaluated and 

rated on a numerical scale from 0-20 for each sampling reach at each site. Depth and 

river velocity were measured using dip stick and flotation methods, respectively. The 
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ratings were then totaled and expressed as a percentage to provide the final habitat quality 

ranking (Appendix 6).  

 

    5.1.3 Sampling Protocol 

Composite water samples were collected from the sampling sites monthly starting early 

June to December, 2014 except September covering both dry and rainy seasons 10 cm 

below the surface by 1-L polyethylene sampling bottles as indicated in APHA et al. 

(1999).  For the analysis of heavy metals, the sampling bottles were pre-conditioned with 

5% nitric acid and later rinsed thoroughly with distilled de-ionized water. At each 

sampling site, the bottles were rinsed at least three times before sampling and the water 

samples taken were acidified with 10% HNO3.  

 

Biological (epilithic diatoms and benthic macroinvertebrates) samples were collected 

from the sampling sites concurrently with the water samples during stable flow early June 

and in December. Diatom samples were collected in riffle areas from five natural rocks 

(cobbles), which are not moved under normal hydrological conditions, by scrubbing a 

measured square area of approximately 25 cm2 marked on the upper surface of each 

submerged cobble with a hard toothbrush in a white plastic tray as per the 

recommendations of Kelly et al. (1998). The samples collected were transferred to a 55 

ml plastic sample bottle and preserved with ethanol (70%).  
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Before sampling benthic macroinvertebrates, a survey of the different microhabitats was 

conducted and all major habitats (i.e. microhabitats that exceed 5% of coverage) within a 

representative 100 m river reach were identified (Appendix 7). Samples were collected 

using standard rectangular frame hand net of 25*25 cm and mesh size of 500μm 

following the multi-habitat sampling approach (Barbour et al., 1999; Moog, 2007). The 

macroinvertebrates samples collected were transferred into a bowel and washed with 

sufficient amount of water added and the supernatant was poured onto a sieve (500μm) to 

retain the macroinvertebrates while removing the mud. This was repeated until all the 

macroinvertebrates were separated from mud. The macroinvertebrate samples collected 

were then pooled to form single composite samples and preserved with ethanol (95%).  

 

All samples collected were then placed in an ice cooled boxes and transported to 

laboratories with due care for chemical and biological analyses and water samples were 

stored in the dark at 4 0C until analysis. Nutrient analysis was conducted at the limnology 

laboratory of AAU while the rest analyses were carried out at the chemistry and biology 

departments‟ laboratories at AU. 

 

5.2 Laboratory Analyses 

  5.2.1 Physicochemical 

    5.2.1.1 Nutrients and Organic Matter Load 

Major algal nutrients were analyzed from water samples after filtering through Whatman 

filter paper. Soluble Reactive Phosphate (SRP), Ammonia+Ammonium-Nitrogen, 

Nitrate-Nitrogen, and the reactive silica were measured by the Ascorbic Acid, Phenate, 

Phenoldisulfonic acid and Molybdosilicate methods, respectively following the 
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procedures outlined in APHA et al. (1999) and Wetzel and Likens (1991). COD was used 

in determining spatial and temporal trends in the level of organic matter load at Huluka 

River as COD determination is relatively quick, easy, precise and unaffected by 

interferences to BOD. COD was determined by dichromate open reflux method through 

oxidation of the sample with potassium dichromate in sulfuric acid solution followed by 

titration.  

 

      5.2.1.2 Heavy Metals  

Heavy metals whose concentrations were reported to be above the permissible limits in 

Huluka River water by Prabu et al. (2011) and/or Tadesse Mumicha (2010) namely Cd, 

Mn, Co, Ni and Zn as well as Pb which is commonly implicated in impacts on aquatic 

ecosystems were analyzed from water samples. From each water sample, 50 ml was 

measured into a beaker and 5ml of concentrated HNO3 was added. The samples were 

digested using hot plate until the volume reduces to 20 ml with a characteristic colour, 

indicating complete digestion. The samples were digested in triplicate and each digest 

was then allowed to cool and filtered with Whatman filter paper No. 42 in to 50 ml 

volumetric flask and the volume brought to the mark with distilled water. The digests 

were transferred into plastic bottles and kept ready for analysis. The metals were 

determined by atomic absorption spectrophotometer (AA320N) using their respective 

standard hollow cathode lamps (APHA et al., 1999). The Calibration standard solutions 

were used to calibrate the instrument response with respect to analyte concentration 

(USEPA, 2001). The calibration curves were prepared separately for all the metals by 

running different concentrations of standard solutions and the instrument was set to zero 

by running the respective reagent blanks.  
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  5.2.2 Biological 

    5.2.2.1 Epilithic Diatoms 

For accurate identification of diatoms, frustules were cleaned and mounted using 

Naphrax (refractive index=1.74; Brunel Microscopes Ltd, Chippenham, U.K.). Frustule 

cleaning (organic matter removal) was carried out using 30% H2O2 as recommended by 

Kelly et al. (1998). To this end diatom samples were homogenized by shaking and 10 ml 

of the suspensions were transferred to separate beakers avoiding contaminations. Next, 

20 ml of H2O2 was added to each beaker and heated on a hot plate at about (90±5) 0C 

until all organic material gets oxidized for 3 hours. Then, the beakers were removed from 

the heat; a few drops of HCl were added to remove remaining H2O2 plus any carbonates 

and sides of beakers were washed down with distilled water.  

 

The beakers were allowed to cool in the fume cupboard and their contents were 

transferred to centrifuge tubes, topped up with distilled water and centrifuged. 

Supernatant was decanted and pellet was re-suspended with distilled water and 

centrifugation was repeated. The washing process was repeated at least three times, or 

until all traces of H2O2 gets removed. The diatom pellet was mixed in a small amount of 

distilled water and transferred to clean, small capacity vials. The cleaned frustules were 

then mounted on permanent slides using Naphrax resin. 

 

The composition and relative abundance of diatoms were determined using a compound 

light microscope (Olympus Bimax 50) at 1000x magnification under oil immersion from 

cleaned sub-samples, counted separately. Identifications of prepared diatoms were made 

to species level with the use of standard identification manuals and publications (Gasse, 
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1986; Krammer and Lange-Bertalot, 1986-1991, 1997, 2000; Metzeltin and Lange-

Bertalot, 1998, 2007). Three slides were prepared from each sample and 400 valves were 

enumerated per slide to determine the relative abundance of each taxon as recommended 

by Prygiel et al. (2002). 

 

      5.2.2.2 Benthic Macroinvertabrates 

Samples of benthic macroinvertabrates were transferred into wheel trays in order to easily 

observe and peak up the organisms with forceps. Samples were then sorted, identified to 

family level and enumerated using a binocular dissecting microscope and standard 

taxonomic keys as recommended by Klemm et al. (1990), US EPA (1990) and Barbour et 

al. (1999). Identification of the macroinvertebrate samples was carried out based on the 

taxonomic keys given in Pennak (1978), Giller and Malmqvist (1998), Bouchard (2004) 

and other useful sources. All specimens of a specific category were counted, put in one 

vial and preserved in 95% alcohol. 

 

  5.3 Data Analysis 

Physicochemical parameters, habitat survey, biotic indices and multivariate analytical 

tools (Cluster Analysis and Canonical Correspondance Analysis-CCA) were used in 

assessing the water quality trends at Huluka River. Significances of spatial and temporal 

variability of the water quality parameters and biological attributes determined were 

tested using ANOVA and t-test. Pearson correlations were also performed between 

bioassessment indices and water quality variables to determine the sensitivity of each 

index to specific variables. Statistical analysis was performed using Statistical Package 
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for Social Scientists (SPSS) version 16.0. Cluster analysis was done using PAST version 

1.34 whereas the package CANOCO software version 4.5 was used for the CCA. 

 
  5.3.1 Biotic indices 

    5.3.1.1 Measurements of diversity 

The Shannon‟s index, evenness, and dominance indices which measure different aspects 

of diversity for diatoms and macroinvertebrates were calculated based on Southwood and 

Henderson (2000) and Shaw (2003). Shannon and Wiener diversity index (H') was 

calculated from the proportional abundances of each species (abundance of the 

species/total abundances) as: 

               

 

   

 

Where, Hˊ is the standard symbol for Shannon index, and pi is the proportion of species i.  

 

For a community with S species, the maximum possible value of Shannon index is log 

(S) and occurs when all species have equal frequency. Equitability (E) or evenness was 

also calculated both for diatoms and macroinvertebrates as the ratio of the calculated 

diversity with the maximum possible diversity for the number of species found as: 

  
  

    
 

           

      
 ……………………………………………………………………………………………   Eq. 2 

Percent dominance (d%) equals the abundance of the numerically dominant taxa relative 

to the total number of organisms in the sample and indicates the present state of the 

community balance. For example, a community dominated by relatively few families 

………………………………………...........................................................   Eq. 1 
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would have a high d% value, thus indicating the community is under the influence of 

environmental stress (Plafkin et al., 1989).  

 

    5.3.1.2 Saprobic Index (S) 

Saprobic index (S) value is the “weighted mean” of all individual indices that defines the 

self-purification zone corresponding to five classes of water quality (Sládecek, 1973). 

The index was calculated for epilithic diatoms following the method of Pantle and Buck 

(1955) as: 

  
      

   

    
   

……………………………………………………………………………………………………………………  Eq. 3 

where, S is saprobic (saprobity) index, si is indicator value of i-th species and hi is 

relative occurrence of i-th species in a sample and used for water quality evaluation at the 

sampling sites based on the criteria given in Appendix 10. 

 
     

      5.3.1.3 Community Loss Index (CLI) 

CLI measures the loss of benthic taxa (diatoms and macroinvertebrates) in a study site 

with respect to a reference site. Values range from 0 to “infinity” and increase as the 

degree of dissimilarity between the sites increases (Mandaville, 2002). CLI was 

calculated as: 

    
   

 
…………………………………………………………………………………………………………………………  Eq. 4 

where, “a” is the number of taxa common to both sites, “d” is the total number of taxa 

present in the reference site, and “e” is the total number of taxa present in the study site. 
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    5.3.1.4 Diatom based Indices  

Trophic Diatom Index (TDI) was calculated as given below based on Kelly and Whitton 

(1995) and used to translate the diatom composition into water quality. The index was 

based on the weighted average equation (Zelinka and Marvan, 1961): 

            
        

   

      
   

………………………………………………………………………………………….. Eq. 5 

Where, WMS= Weighted Mean Sensitivity, aj = abundance or proportion of valves of 

species j in sample, sj = pollution sensitivity („optimum‟) of species j and vj = indicator 

value („tolerance‟). 

TDI = (WMS×25)-25…………………………………………………………………………………………………….. Eq. 6 

TDI has a scale of 0-100, with higher values indicating progressively higher levels of 

nutrients. Interpretation of the index requires calculation of a second value, %PTV, which 

is the percentage of the total count that is composed of taxa described as “pollution 

tolerant” (Kelly, 1998). %PTV acts as a measure of the reliability of the TDI as a 

measure of eutrophication, with levels <20% indicating the nutrients are probably the 

major factor influencing the composition of the flora. 

 

    5.3.1.5 Macroinvertebrate based Indices 

      5.3.1.5.1 EPT Index or EPT richness 

The EPT index displays the taxa richness within the insect groups which are considered 

to be sensitive to pollution, and therefore should increase with increasing water quality. 
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The EPT index is equal to the total number of families represented within these three 

orders (i. e. Ephemeroptera, Plecoptera and Trichoptera) in the sample. 

 

      5.3.1.5.2 Family Biotic Index (FBI) 

The FBI is an average of tolerance values of all the macroinvertebrates families in a 

sample (Hilsenhoff, 1988). FBI was calculated by multiplying the number in each family 

by the tolerance value for that family, summing the products, and dividing by the total 

macroinvertebrate in the sample. The family-level tolerance values range from 0 (very 

intolerant) to 10 (highly tolerant) based on their tolerance to organic pollution. The FBI 

was then used to evaluate the water quality of each sampling site by comparing with the 

standard used to rate the water quality status (Appendix 12). 

 

      5.3.1.5.3 Ratio of EPT and Chironomidae 

The abundance of EPT and Chironomidae indicates the balance of the community, since 

EPT are considered to be more sensitive and Chironomidae less sensitive to 

environmental stress (Plafkin et al., 1989). It further states that a community considered 

to be in good biotic condition will display an even distribution among these four groups, 

while communities with disproportionately high numbers of Chironomidae may indicate 

environmental stress. The EPT/Chironomidae index was calculated by dividing the sum 

of the total number of individuals classified as Ephemeroptera, Plecoptera, and 

Trichoptera by the total number of individuals classified as Chironomidae. 
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      5.3.1.5.4 Biotic Score and Average Score per Taxon 

The new Ethiopian Scoring system “ETHbios” was calculated for the sampling sites by 

adding the scores of each family given in Aschalew Lakw and Moog (2015b). Sensitive 

families were given relatively higher scores and the tolerant ones lower scores within a 

range of 1-10. The associated Average Score per Taxon (ASPT) for a site was determined 

dividing the sample score by the number of families represented in the sample. The biotic 

scores and the associated ASPT were then used to evaluate the water quality of each 

sampling site based on the guideline given in Appendix 13.  

 

            5.3.1.5.5 Functional Feeding Group Indices 

The distribution of macroinvertebrate functional feeding groups in running waters is 

supposed to reflect aquatic ecosystem attributes. Specialized feeders such as shredders 

and scrapers are presumed to be sensitive to perturbation, while generalists, such as 

gatherers and filterers are more tolerant to pollution that might alter the availability of 

certain food (Rawer-Jost et al., 2000). % Gathering collector, % filtering collectors, ratio 

of filtering collectors to gathering collectors, % scrapers (grazers) and % predators were 

calculated based on information given in Bouchard (2004) to assess the functional 

feeding group indices as candidates for water quality monitoring in the study. These 

indices are independent of taxonomy, since some families may represent several 

functional feeding groups. When compared to a reference site, shifts in the dominance of 

a particular feeding group correspond to the abundance of a particular food source, which 

reflects a specific type of impact on the community (Plafkin et al., 1989). 
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  5.3.2 Multivariate Approaches 

    5.3.2.1 Cluster Analysis 

Cluster analysis is a method for combining similar objects into groups or clusters, which 

can usually be displayed in a tree like diagram, called a dendrogram (Quinn and Keough, 

2002). Thus, the purpose of cluster analysis is to arrange objects into relatively 

homogeneous groups based on multivariate observations (e.g. species abundances and 

physicochemical data). In this study cluster analyses were done using physichochemical, 

diatoms and macroinvertebrates data to assess their effectiveness in classifying sampling 

sites based on pollution load and sources of pollution. 

 

    5.3.2.2 CCA Analysis 

CCA is a multivariate method to elucidate the relationships between biological 

assemblages of species and their environment. The method is designed to extract 

synthetic environmental gradients from ecological data-sets (Gibbons et al., 2001; ter 

Braak and Verdonschot, 1995). It is the most recent ordination technique to become 

widely used by the environmental research community trying to understand the 

relationship between community composition and environmental factors (Shaw, 2003; ter 

Braak and Verdonschot, 1995). 

 

Ecological data are normally skewed. Such distributions are usually transformed by 

taking logarithms or square roots to normalize. Log-normal distribution would give the 

best description of species-abundance patterns the assumption being individuals are 

distributed between species in accordance with the normal distribution. Thus, all data 
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including environmental variables were log-transformed prior to CCA to meet the 

statistical criteria of normality. In order to overcome difficulties with zero counts in log 

transformations, a constant 1 was added to the original count for biological data (x); this 

is expressed as „log (x + 1)‟ (Southwood and Henderson, 2000; Shaw, 2003). 

 

The algorithm for CCA in CANOCO standardizes the environmental data to a mean of 0 

and standard deviation (SD) of 1. All the environmental variables were included in the 

CCA analysis. The eigenvalue of CCA was converted to a percentage variance accounted 

for by dividing the eigenvalue by the total inertia of the abundance data and multiplying 

by 100.  

 

The axes produced by an ordination will be in descending order of importance, with the 

first axis being the most informative, the second axis the second most important, etc. 

Consequently, the most useful ordination diagram is likely to be that which plots the first 

ordination axis against the second, although other ordinations (first/third, second/third, 

etc.) will be worth checking (Shaw, 2003). Thus, axis 1 and axis 2 were used in the 

ordination diagram to assist in visualizing the relationship between data points.  

 

Ordination is one set of multivariate techniques used to arrange sites along axes based on 

their species composition. The basic principle in ordination diagram interpretation is that 

points close together on an ordination diagram contain similar measurements, while 

points widely separated contain very different measurement. This is to mean that samples 

(sites) which consist of similar measurements will end up close to each other in data 
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space whereas samples which have very different composition will be widely separated. 

Because the centroid is actually a weighted average (with the weight being the 

abundance), the sites close to the species point tend to have a higher abundance than sites 

far from the species point. The inferred abundance of a species is thus maximal if the site 

point coincides with the species point and decreases in all directions the farther away the 

site point is (ter Braak and Verdonschot, 1995). Therefore, it was also used to assess with 

which taxa or species the sites were mainly represented. 

 

The arrow of environmental variables points in the direction of maximum change in the 

value of the associated variable, and the arrow length is proportional to this maximum 

rate of change. The environmental arrows among themselves display correlations among 

the quantitative environmental variables. A qualitative rule of interpretation is that the 

sign of a correlation coefficient between two variables is inferred from the angle between 

their arrows: if the angle is sharp the correlation is positive, if obtuse, negative (ter Braak 

and Verdonschot, 1995). 
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Chapter 6 Results 

  6.1 In situ Measurements of Physicochemical Parameters 

The mean values of temperature (0C) at the sampling sites along Huluka River ranged 

from 12.9±0.003 to 22.2±0.002 with the minimum and maximum levels recorded at S4 in 

December and S5 in June, respectively (Appendix 1). Relatively higher levels of 

temperature were recorded at S5, S6, S7 and S8. Temperature was relatively higher 

during June and lower in December at most sampling sites. Overall, wet season 

temperature levels were higher as compared to the corresponding dry season values at 

most sampling sites (Fig. 4). The differences in the mean values of temperature among 

the sampling sites during wet season were statistically significant (ANOVA, p<0.05) 

while those during dry season and between seasons at each site were not (p>0.05). 

 

Fig. 4 Spatial and temporal trends in mean temperature (n=9) of Huluka River water 
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most sampling sites in both seasons were less than 7 with relatively lower levels recorded 

at S7 and S5 during wet season and at S7 and S6 during dry season indicating increased 

organic enrichment (Fig. 5).  On average, the pH recorded during rainy months at most 

sampling sites were relatively lower as compared to the corresponding dry months‟ levels 

indicating increased organic pollution during wet season. The variations in the mean 

values of pH among the sampling sites in dry season (ANOVA, p<0.05) and between 

seasons at each site (t-test, p<0.05) were statistically significant whereas those among the 

sampling sites during wet season were not (p>0.05). 

 

Fig. 5 Spatial and temporal trends in mean pH (n=9) of Huluka River water during the 

sampling period 

 

The mean values of DO (mg/L) at the sampling sites along Huluka River varied from 

4.39±0.096 to 8.41±0.013 with the minimum and maximum values recorded at S1 in 

November and S3 in December, respectively (Appendix 1). Relatively lower values of 

DO were recorded at S1, S2 and S6 in both seasons indicating organic pollution (Fig. 6). 
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p<0.05) whereas those in dry season and temporal variations at each site were not 

significant (p>0.05). 

 

Fig. 6 Spatial and temporal trends in mean DO (n=9) of Huluka River water during the 

sampling period 

 

The mean values of conductivity (µScm-1) at the sampling sites along Huluka River 

ranged from 71.6±0.002 to 393±0.006 with the minimum and maximum values recorded 

at S3 in July and S8 in December, respectively (Appendix 1). Conductivity was higher at 

the sites in the downstream (i. e., S6, S7, S8 and S9) in both seasons indicating water 

quality deterioration (Fig. 7). Dry season conductivity values were much higher than the 

corresponding values recorded during wet season at all the sampling sites. The 

differences in the mean values of conductivity among the sampling sites in both seasons 

as well as seasons at each site were statistically significant (ANOVA, p<0.05). 

 

Fig. 7 Spatial and temporal trends in mean conductivity (n=9) of Huluka River water 

during the sampling period 
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The mean values of turbidity (NTU) at the sampling sites along Huluka River varied from 

10±0.011 to 980±0.008 with the minimum and maximum values recorded at S7 in 

December and S3 in July, respectively (Appendix 1). Relatively higher values of turbidity 

were recorded at S3, S4, S5 and S6 during wet season (Fig. 8) especially during July 

(Appendix 1) and at upstream sites during dry season. The turbidity values recorded 

during wet season were significantly higher (t-test, p<0.05) than the corresponding dry 

season values at all the sampling sites. The differences in the mean values of turbidity 

among the sampling sites in wet season were statistically significant (ANOVA, p<0.05) 

while those during dry season were not (p>0.05). 

 

Fig. 8 Spatial and temporal trends in the mean turbidity (n=9) of Huluka River water 

during the sampling period 

 

6.2 Analyses of Nutrients and Organic Matter Load 

The mean concentrations of SRP (mg/L) at the sampling sites along Huluka River ranged 

from 0.002±0.001 to 0.007±0.003 with the maximum level determined at S8 in June 

during which the concentrations at almost all sampling sites attained their peak values 

(Appendix 2). The mean concentrations of SRP showed a downstream increasing trend 

0 

100 

200 

300 

400 

500 

600 

S1 S2 S3 S4 S5 S6 S7 S8 S9 

Tu
rb

id
ity

 (N
TU

) 

Sampling Sites 

Wet 

Dry 



50 
 

with wet season levels exceeding the corresponding dry season concentrations except at 

S9 where the opposite was noted (Fig. 9). The differences in the mean concentrations of 

SRP among the sampling sites in wet season as well as at each site were statistically not 

significant (ANOVA, p>0.05) whereas spatial variations during dry season were 

significant (p<0.05).  

 

Fig. 9 Spatial and temporal trends in the mean concentrations (mg/L) of SRP in Huluka 

River water samples   (n=9) during the sampling period 
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Fig. 10 Spatial and temporal trends in the mean concentrations (mg/L) of nitrate in water 

samples (n=9) taken from Huluka River 

The mean values of ammonia (mg/L) at the sampling sites along Huluka River ranged 

from 0.032±0.002 to 0.120±0.001 with the maximum value determined at S7 in July 

(Appendix 2). Relatively higher concentrations of ammonia were recorded at S1, S4, S6 

and S7 in both seasons (Fig. 11). Wet season ammonia concentrations exceeded the 

corresponding levels recorded during dry season at all sampling sites. The variations in 

the mean concentrations of ammonia among the sampling sites in wet season and months 

at each site were not statistically significant (ANOVA, p>0.05) whereas the spatial 

variations during dry season was significant (P<0.05).  

 

Fig. 11 Spatial and temporal trends in the mean concentrations (mg/L) of ammonia in 

water samples (n=9) taken from Huluka River 
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The mean values of silica (mg/L) at the sampling sites along Huluka River varied from 

0.185±0.024 to 0.499±0.011 with the minimum and maximum values recorded at S1 in 

October and S7 in December, respectively (Appendix 2). Slightly higher levels of silica 

were recorded at S6 and S7 while lower levels at upstream sites in both seasons (Fig. 12). 

Nevertheless, the lowest dry season concentration was determined at S8. Wet season 

silica concentrations were higher as compared to the corresponding dry season levels at 

all the sampling sites. The differences in the mean levels of silica among the sampling 

sites in both seasons as well as months at each site except S8 (p<0.05) were statistically 

not significant (ANOVA, p>0.05).  

 

Fig. 12 Spatial and temporal trends in the mean concentrations (mg/L) of silica in water 

samples (n=9) taken from Huluka River 
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sampling sites in both seasons were statistically significant (ANOVA, p<0.05) whereas 

temporal variations at each site were not significant (p>0.05).  

 

Fig. 13 Spatial and temporal trends in the mean levels (mg/L) of COD in water samples 

(n=9) taken from Huluka River 

 
 

  6.3 Analyses of Heavy Metals 
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S6 in July and S8 in June, respectively (Appendix 4). Relatively higher concentrations of 

Cd were determined at S7, S8 and S9 during wet season and at S4, S7 and S8 during dry 

season (Fig. 14). Generally, wet season Cd concentrations were relatively higher as 

compared to the corresponding levels determined during dry season at most sampling 

sites. The differences in the mean concentrations of Cd among the sampling sites during 

both seasons as well as months at each site were statistically not significant (ANOVA, 

p>0.05).  
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Fig. 14 Spatial and temporal trends in the mean concentrations (mg/L) of Cadmium (Cd) 

in water samples (n=9) taken from Huluka River 

  

The mean concentrations of Mn (mg/L) at the sampling sites along Huluka River ranged 

from 0.031±0.013 to 3.750±0.559 with the minimum and maximum levels determined at 

S5 in November and at the same site in July, respectively (Appendix 4). Relatively higher 

concentrations of Mn were determined at S3, S5 and S6 during wet season and at S1, S2 

and S9 during dry season (Fig. 15). Wet season Mn concentrations were relatively higher 

as compared to the corresponding dry season levels at all sampling sites. The differences 

in the mean concentrations of Mn among the sampling sites in wet season as well as 

months at each site were statistically not significant (ANOVA, p<0.05) whereas the 

spatial variation during dry season was significant (p<0.05). 

 

Fig. 15 Spatial and temporal trends in the mean concentrations (mg/L) of Manganese 

(Mn) in water samples (n=9) taken from Huluka River 
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The mean concentrations of Co (mg/L) at the sampling sites along Huluka River ranged 

from 0.033±0.019 to 0.672±0.03 with the minimum and maximum levels determined at 

S6 in December and S5 in July, respectively (Appendix 4). Relatively higher 

concentrations of Co were determined at S3, S5 and S6 during wet season and at S1, S2 

and S4 during dry season (Fig. 16). Wet season Co concentrations were higher than the 

corresponding dry season levels at all sampling sites. The differences in the mean 

concentrations of Co among the sampling sites in both seasons and months at each site 

were statistically not significant (ANOVA, p>0.05) except at S3 and S6. 

 

Fig. 16 Spatial and temporal trends in the mean concentrations (mg/L) of Cobalt (Co) in 

water samples (n=9) taken from Huluka River 
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sites in both seasons as well as months at each site were statistically not significant 

(ANOVA, p>0.05).  

 

Fig. 17 Spatial and temporal trends in the mean concentrations (mg/L) of Nickel (Ni) in 

water samples (n=9) taken from Huluka River 
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dry season (Fig. 18). Wet season Zn concentrations were relatively higher as compared to 

the corresponding dry season levels at all sampling sites except S2. The differences in the 

mean concentrations of Zn among the sampling sites in both seasons as well as months at 

each site were statistically not significant (ANOVA, p>0.05).  
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Fig. 18 Spatial and temporal trends in the mean concentrations (mg/L) of Zinc (Zn) in 

water samples (n=9) taken from Huluka River 

 

The mean concentrations of Pb (µg/L) at the sampling sites along Huluka River ranged 

from 0.006±0.001 to 0.114±0.008 with the minimum and maximum levels determined at 

S8 in October and S6 in June, respectively (Appendix 4). Relatively higher levels of Pb 

were determined at S4, S5, S6 and S9 during wet season and at S5, S6 and S7 during dry 

season with no clear temporal trend (Fig. 19). The differences in the mean concentrations 

of Pb among the sampling sites in both seasons as well as months at each site were 

statistically not significant (ANOVA, p>0.05).  

 

Fig. 19 Spatial and temporal trends in the mean concentrations (mg/L) of Lead (Pb) in 

water samples (n=9) taken from Huluka River 
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  6.4 Assessment using Biological Indicators 

    6.4.1 Physical Habitat Features at the Sampling Sites 

The physical habitat evaluation scores at the sampling sites along Huluka River ranged 

from 49% at S4 to 75% at S1 during wet season and from 48% at S4 to 73% at S9 during 

dry season (Appendix 6). Relatively lower scores were recorded at S4 and S3 in both 

seasons and at S6 during wet season. Wet season habitat scores exceeded the 

corresponding dry season values at most sampling sites with major differences noted at 

the upstream sites. The differences in the habitat scores among the sampling sites in both 

seasons as well as months at each site were statistically not significant (ANOVA, 

p>0.05).  

 

    6.4.2 Diatoms 

A total of 115 diatom species distributed in 21 genera (Appendix 8) were identified from 

the samples collected at the sampling sites along Huluka River during the study period of 

which 14 genera and 38 species were collected both during wet and dry seasons. Three 

genera namely Gyrosgma, Rhicosphenia as well as Rhopalodia and 44 species were 

collected only during wet season while four genera including Caloneis, Diploneis, 

Frustulia as well as Mastogolia and 33 species only during dry season. Overall 82 

species belonging to 17 genera and 71 species belonging to 18 genera were collected 

during wet and dry seasons, respectively.  
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Achnanthes, Gopmhonema, Navicula and Nitzschia were the most common genera 

collected (Fig. 20) with a relatively large number of species in both seasons (Appendix 

8). During wet season Gomphonema demonstrated primary dominance at all the sampling 

sites except S8 which was dominated by Nitzschia followed by Acnanthidium and 

Nitzschia at upstream and downstream reaches, respectively. During dry season 

Achnanthes dominated at upstream sites and Nitzschia at the rest sites except S4 which 

was dominated by Gomphonema, a genus which also demonstrated the next dominance at 

almost all the sampling sites. Gomphonema performed relatively well at almost all the 

sampling sites while Achnanthes and Nitzschia demonstrated preferences to upstream and 

downstream sites, respectively. 

 

Fig. 20 Relative abundance of the four most common diatom genera collected from the 

sampling sites along Huluka River during wet (a) and dry (b) seasons. 

0 

20 

40 

60 

80 

%
  C

om
m

on
 G

en
er

a 

Achn Gomp Navi Nitz 

a) 

0 

20 

40 

60 

80 

100 

S1 S2 S3 S4 S5 S6 S7 S8 S9 

%
 C

om
m

on
 G

en
er

a 

Sampling Sites 

b) 



60 
 

Dominance by species ranged from 13% to 47% during wet season and from 28% to 80% 

in dry season. Species dominance was higher at S4, S5, S6 and S7 during wet season 

whereas higher dry season dominance was noted at S1, S2, S5 and S7. G. parvulum 

dominated the diatom communities at 66.67% of the sampling sites during wet season 

while N. amphibian dominated at 33.33% during dry season.  

 

The lowest (12 species) and highest (41 species) taxa richness were determined at S2 

during dry season and S1 during wet season, respectively (Table 2). The metric was 

relatively lower at downstream sites in both seasons and at upstream sites during dry 

season. Dry season diatom taxa richness peaked at S3 where it exceeded the 

corresponding wet season level. Wet season taxa richness exceeded the corresponding 

dry season levels at most sampling sites (Table 2) and the variation in the metric among 

the sampling sites were statistically significant (ANOVA, p<0.05) in both seasons. 

Epilithic diatoms taxa richness negatively correlated with conductivity, PO4
3-, NO3

- and 

COD in both seasons.  

 

Epilithic diatoms Shannon index and evenness varied among the sampling sites along the 

river with lower levels determined at S4, S6, S7 and S8 during wet season and at S1, S2, 

S5 as well as S7 during dry season (Table 2). Wet season Shannon index and evenness 

were higher than the corresponding dry season levels at most sampling sites. The 

differences in the diversity indices and evenness among the sampling sites (ANOVA) and 

between seasons at each site (t-test) were statistically significant (p<0.05). 
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Wet season TDI varied from 66.21 at S2 to 85.10 at S4 while that of dry season ranged 

from 32.93 at S2 to 93.18 at S5 (Table 2). TDI generally increased at downstream sites 

but remained lower at upstream sites especially during dry season. Wet season TDI 

exceeded the corresponding dry season values at most sampling sites and the variability 

in the metric among the sampling sites (ANOVA) in both seasons and between seasons 

(t-test) were statistically significant (p<0.05). TDI positively correlated with PO4
3- both in 

wet (r=0.44) and dry (r=0.31) seasons. %PTV ranged from 37% at S3 to 68.5% at S5 

during wet season and from 4.5% at S2 to 94.25% at S7 during dry season (Table 2). The 

metric positively correlated with COD both in wet (r=0.30) and dry (r=0.48) seasons. 

 

Wet season Saprobic index (S) at the sampling sites along Huluka River ranged from 

1.64 at S1 to 3.28 at S8 whereas that of dry season ranged from 0.98 at S3 to 3.11 at S4 

(Table 2). S was relatively higher (α-mesosaprobic) at S4, S7 and S8 in both seasons; at 

S5 during dry season and at S6 during wet season indicating poor water quality (Table 2 

and Appendix 10). The index signified β-mesosaprobous or moderate water quality at S1, 

S2 and S9 in both seasons; at S3 and S5 during wet season as well as at S6 during dry 

season. It indicated oligosaprobic condition or good water quality at S3 during dry 

season. Wet season S exceeded the corresponding dry season values at most sampling 

sites (Table 2) and the variation in the metric among the sampling sites (ANOVA) in both 

seasons and between the seasons at each site (t-test) were statistically significant 

(p<0.05). The metric significantly positively correlated with COD both in wet (r=0.61) 

and dry (r=0.57) seasons. 
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The epilithic diatoms CLI (Table 2) varied among the sampling sites with higher values 

at S4, S7, S8 and S9 during wet season and at S2, S6, S7 and S8 during dry season. Wet 

season CLI exceeded the corresponding dry season values at most sampling sites. The 

differences in the CLI among the sampling sites (ANOVA) in both seasons and between 

seasons at each site (t-test) were statistically significant (p<0.05). 
 

 

Table 2. Spatial and temporal trends in the indices of epilithic diatoms collected from the 

sampling sites along Huluka River 

Indices Season Sampling Sites 

S1 S2 S3 S4 S5 S6 S7 S8 S9 

Taxa 

richness 

wet 41 29 27 24 36 29 25 22 24 

dry 19 12 33 24 23 19 17 18 23 

Shannon's 

index (H') 

wet 1.29 1.08 1.04 0.89 1.06 0.95 1.02 0.94 1.08 

dry 0.68 0.43 1.03 0.73 0.68 0.97 0.42 0.85 1 

Evenness, E wet 0.80 0.74 0.72 0.64 0.68 0.65 0.73 0.70 0.78 

dry 0.53 0.40 0.68 0.53 0.5 0.76 0.34 0.68 0.73 

%dominant 

species 

wet 13 22 25 47 33 43 31 30 21 

dry 58 70 39 57 61 28 80 38 30 

Community 

loss index, 

CLI 

wet 0 0.72 0.89 1.00 0.53 0.79 1.00 1.14 0.96 

dry 0 1 0.33 0.54 0.48 0.58 0.88 0.67 0.52 

TDI wet 71 66 66 85 78 77 79 84 75 

dry 40 33 72 64 93 76 76 81 69 

%PTV wet 46 45 37 67 68 56 63 68 39 

dry 9 4 65 15 79 52 94 55 62 

S wet 1.64 1.98 1.98 2.75 2.34 2.51 2.97 3.28 2 

dry 1.61 1.56 0.98 3.11 2.61 2.07 2.90 2.75 2.15 
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      6.4.3 Macroinvertabrates  

A total of 22 families of benthic macroinvertebrates were collected from the sampling 

sites of which 17 families comprising 475 specimens and 16 families comprising 3399 

specimens represented wet and dry season samples, respectively (Appendix 11). Eleven 

families appeared in both wet and dry season samples and dry season abundance of the 

common taxa collected exceeded the corresponding wet season levels at most sampling 

sites by several folds. The highest taxa (family) richness (13 families) was collected from 

S1 during wet season and S2 during dry season while no family was collected at S4, S7 

and S8 in wet season (Table 3).  

 

Many taxa including Coenagrionidae, Corixidae, Naucoridae, Gerridae, Gyrinidae, 

Dytiscidae, Notonectidae, Elmidae and Psphenidae were collected exclusively from 

upstream sites in low numbers. Generally, taxa richness tended to decline downstream in 

both seasons and dry season taxa richness exceeded the corresponding wet season levels 

except at S1 where the opposite was noted (Table 3). The differences in the family 

richness among the sampling sites in both seasons (ANOVA) and between seasons at 

each site (t-test) were statistically not significant (p>0.05). The metric negatively 

correlated with PO4
3-, NO3

-, NH4
+-N, COD, Cd and Pb in both seasons. 

 

Benthic macroinvertebrate Hˊ varied among the sampling sites along the river with lower 

wet season values determined at S6 and S9 among the sampling sites where specimens 

were collected and lower dry season values at S5, S4, S8 and S2 (Table 3). Wet season 

Hˊ and E exceeded the corresponding dry season values at S1 and S5. Wet season E also 
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exceeded the corresponding dry season value at S3. The differences in the Hˊ and E 

among the sampling sites (ANOVA) in both seasons and between seasons at each site (t-

test) were statistically significant (p<0.05).  

 

Wet season EPT richness was zero at S4, S7 and S8 as no specimen was collected and 

involved only a single family at S9 whereas lower dry season levels were recorded at 

downstream sites (S7, S8 and S9) (Table 3). Dry season EPT richness exceeded the 

corresponding wet season levels at most sampling sites except S1 and S6 where the two 

remained equal. 

 

Diptera comprising mainly Chironomidae and Simuliidae was the most abundant group 

collected followed by Ephemeroptera represented by family Caenidae and Baetidae 

during wet season and this was reversed in dry season (Table 3). Caenidae was almost 

restricted to the upstream sites whereas Baetidae was collected from all sites with a 

relatively lower numbers at downstream (S7, S8 and S9) and upstream sites during dry 

season. Large numbers of Diptera (Chironomidae and Simulidae) were collected during 

dry season at the downstream sites (i.e., S7 and S8) where no specimen was collected 

during wet season and to some extent at S2 mainly associated with filamentous algae. 

The wet season EPT-chironomidae ratio was lower except at S6 and not determined at the 

rest sites as specimens were not collected (Table 3). The dry season ratio was relatively 

lower at downstream and upstream sites and indicated increased water quality 

deterioration at the sites. Wet season dominance ranged from 33% at S1 to 84% at S9 
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among the sites where specimens were collected whereas that of dry season varied from 

46% at S6 and S9 to 74% at S5. 

 

Wet season %EPT varied from 8% at S9 to 100% at S5 among the sampling sites where 

specimens were collected and relatively lower at all sites except at S6 and S3 (Table 3). 

The metric ranged from 17% at S8 to 97% at S3 and also lower at S7 (24%) during dry 

season. During wet season the %Diptera collected was higher at the upstream sites while 

no specimen was collected at S4, S7 as well as S8 and increased at downstream sites 

mainly S8 and S7 in dry season (Table 3). Thus, the relatively lower %EPT and higher 

%Diptra at downstream sites mainly S7 and S8 indicated water quality deterioration. The 

differences in the %EPT and %Diptera among the sampling sites  in both seasons 

(ANOVA) and between the seasons at each site (t-test) were statistically significant 

(p<0.05). The %EPT negatively correlated with PO4
3-, NO3

-, NH4
+-N, COD and Cd in 

both seasons. 

 

Wet season FBI varied from 3.93 at S3 to 9.56 at S9 among the sites where specimens 

were collected and remained relatively higher at upstream sites (Table 3). The index 

ranged from 4.15 at S5 to 7.62 at S8 with relatively higher values determined at upstream 

(S1 and S2) and downstream (i. e. S7, S8 and S9) sites during dry season. FBI indicated 

water quality deterioration at upstream and downstream sites where specimens were 

collected in both seasons (Table 3 and Appendix 12). Dry season FBI exceeded the 

corresponding wet season values at S1, S3 and S6 among the sites where specimens were 
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collected. The index posetively correlated with COD both in wet (r=0.57) and dry 

(r=0.45) seasons. 

 

Wet season ETHbios score ranged from 13 at S9 to 57 at S1 for the sites from where 

specimens were collected and that of dry season varied from 16 at S8 and S9 to 56 at S2 

(Table 3). Wet season ASPT-ETHbios varied from 3.25 at S9 to 4.75 at S3 among the 

sampling sites where specimens were collected whereas that of dry season ranged from 

3.67 at S7 to 4.71 at S6 (Table 3). The ETHbios scoring system indicated poor water 

quality at S2, S6 and S9 among the sites where specimens were collected in wet season 

and at the downstream sites (i. e. S7, S8 and S9) during dry season (Table 3 and 

Appendix 13). The system indicated moderate water quality at S1, S3 and S5 in both 

seasons and at S2, S4 and S6 during dry season. The score negatively correlated with 

SRP, NO3-N and COD in both seasons.  

 

Wet season percentages of gathering and filtering collectors ranged from 7% at S6 to 

75% at S2 and 3% at S2 to 66% at S6 while that of dry season varied from 43% at S3 to 

91% at S1 and 4% at S1 to 63% at S3, respectively (Table 3). The percentage of scrapers 

varied from 6% at S6 to 50% at S5 in wet season and from 17% at S8 to 76% at S4 in dry 

season. The percentage of filtering collectors and scrapers were lower at downstream 

sites especially S7 and S8 in both seasons and indicated increased water quality 

deterioration. Dry season percentages of gathering collectors and scrapers exceeded the 

corresponding wet season values and indicated better dry season water quality.  
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Wet season macroinvertebrate CLI was undefined at S4, S7 and S8 and relatively higher 

at S5 among the sampling sites from where specimens were collected (Table 3).  Dry 

season CLI generally increased downstream and indicated water quality deterioration at 

downstream sites. Wet season CLI exceeded the corresponding dry season values at all 

the sampling sites indicating increased water quality deterioration during the former. The 

differences in the CLI among the sampling sites in both seasons (ANOVA) and between 

the seasons at each site (t-test) were statistically significant (p<0.05). 
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Table 3. Spatial and temporal trends in the indices of benthic macroinvertebrates 

collected from the sampling sites along Huluka River 

 

Indices 

 

Se
as

on
 Sampling Sites 

S1 S2 S3 S4 S5 S6 S7 S8 S9 

Taxa richness wet 13 11 4 0 3 6 0 0 4 

dry 9 13 6 7 5 7 6 4 4 

EPT richness wet 3 2 1 0 2 3 0 0 1 

dry 3 3 3 3 3 3 2 1 2 

Shannon's index 

(H') 

wet 0.71 0.42 0.36 NA 0.33 0.19 NA NA 0.26 

dry 0.55 0.49 0.39 0.36 0.32 0.49 0.44 0.31 0.55 

Evenness, E wet 0.64 0.41 0.61 NA 0.7 0.24 NA NA 0.44 

dry 0.57 0.44 0.5 0.43 0.45 0.58 0.57 0.51 0.91 

% dominant taxa wet 33 52 60 NA 50 65 NA NA 84 

dry 56 66 61 73 74 46 55 54 46 

FBI wet 6.29 6.85 3.93 NA 4.5 4 NA NA 9.56 

dry 6.73 6.49 4.16 4.17 4.15 4.53 7.15 7.62 5.45 

ETHbios score 
 

wet 57 41 19 0 15 22 0 0 13 

dry 36 56 27 28 22 33 22 16 16 

ASPT- Ethbios  
 

wet 4.38 3.73 4.75 NA 5 3.67 NA NA 3.25 

dry 4 4.31 4.5 4 4.4 4.71 3.67 4 4 

Community loss 

index, CLI 

wet 0 0.45 2.75 NA 3.33 1.17 NA NA 2.25 

dry 0 0 0.67 0.57 1 0.57 0.83 1.5 1.25 

%EPT  wet 23 19 67 NA 100 71 NA NA 8 

dry 65 83 97 95 96 85 24 17 66 

Sensitive EPT % wet 18.61 17.65 6.67 NA 16.67 1.04 NA NA 8 

dry 55.8 65.76 3 3.34 0.94 0.72 0.54 0 19.82 

Ratio of EPT to 

Chironomidae 

wet 0.69 0.36 NA NA NA 68 NA NA 2 

dry 4.5 9.83 129.5 24.08 29.29 9.88 0.43 0.62 6.08 
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table cont… 

% Diptera wet 56 52 27 NA 0 1 NA NA 4 

dry 15 13 3 4 3 15 76 83 34 

% Gathering 

collector 

wet 61 75 67 NA 50 7 NA NA 12 

dry 91 82 43 81 78 54 79 45 77 

% Filtering 

collectors 

wet 32 3 60 NA 50 66 NA NA 4 

dry 4 15 63 19 21 44 21 54 23 

% Scrapers 

(Grazers) 

wet 21 19 7 NA 50 6 NA NA 8 

dry 62 72 36 76 75 47 24 17 66 

% Predators wet 5 26 0 NA 0 0 NA NA 84 

dry 6 0 0 1 0 0 0 1 0 

       

    6.4.4 Assessment using Diatoms and Macroinvertebrates: A Comparative Approach 

Taxa richness of Epilithic diatoms (Fig. 21a) and benthic macroinvertebrates (Fig. 21b) at 

the sampling sites where specimens were collected along Huluka River generally 

declined downstream indicating water quality deterioration at downstream sites. The 

diatom taxa richness determined at S4, S7 and S8 during wet season where no specimen 

of macroinvertebrates was collected was also found to be lower. Nevertheless, wet season 

diatoms taxa richness exceeded the corresponding dry season values at most sampling 

sites in contrast to that of macroinvertebrate taxa richness.  
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Fig. 21 Spatial and temporal variations of diatoms (a) and macroinvertebrate (b) taxa richness at 

Huluka River during the sampling period 

 

The relatively lower Hˊ and E as well as higer d of epilithic diatoms (Fig. 22a), the failure 

to collect macroinvertebrates (Table 3) as well as the lower values of the indices 

determined for macroinvertebrates (Fig. 22b) indicated increased water quality 

deterioration at S4, S6, S7 and S8 during wet season. The dry season diatom Hˊ indicated 

water quality deterioration mainly at S2, S4, S5 and S7 whereas that of 

macroinvertebrates depicted deteriorations at S2, S4, S5 and S8. Epilithic diatoms Hˊ, E 

and d indicated better wet season water quality as compared to that of dry season at most 

sampling sites whereas that of benthic macroinvertebrates did not indicate clear temporal 

variation in water quality except Hˊ which depicted a better dry season water quality at 

most sampling sites.  
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Fig. 22 Spatial and temporal variations of epilithic diatoms (a) and benthic 

macroinvertebrates (b) Shannon‟s diversity index (Hˊ) at Huluka River 

 

Wet season S indicated increased organic enrichment at S4, S7 and S8 (Fig. 23a) where 

no invertebrate specimen was collected whereas wet season FBI indicated organic 

pollution at S9 and the upstream sites (Fig. 23b) where S remained relatively lower. Dry 

season S also indicated organic enrichment at the same sites (i. e. S4, S7 and S8) and 

remained lower at upstream sites with the lowest index determined at S3. Dry season FBI 

indicated organic pollution at upstream and downstream sites. Wet season S and FBI 

exceeded the corresponding dry season values at most sampling sites indicating increased 

organic pollution during wet season. 
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Fig. 23 Spatial and temporal variations of diatoms Saprobic index (a) and macroinvertebrate FBI 

(b) at Huluka River during the sampling period 

 

The relatively higher CLI of epilithic diatoms determined in both seasons at S2, S4, S7, 

S8 and S9 (Fig. 24a) and that of benthic macroinvertebrates determined at S5, S7, S8 and 

S9 (Fig. 24b) in dry season as well as the missing data at S4, S7 and S8 indicated water 

quality problems at S4, S7, S8 and S9.  Wet season CLI of the assemblages exceeded the 

corresponding dry season values at most sampling sites indicating increased water quality 

deterioration during wet season.  
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Fig. 24 Spatial and temporal variations in Community Loss Index (CLI) of diatoms (a) 

and microinvertebrates (b) at Huluka River 

     

    6.4.5 Multivariate Analyses  

Cluster analysis using wet season physicochemical data grouped S1 and S2, S3 and S4 as 

well as S7 and S9 in three different clusters while S5, S6 and S8 were placed separately 

in their own groups (Fig. 25a). The analysis using dry season data grouped S1 and S2, S4 

and S5 as well as S7 and S8 in clusters and placed S3, S6 and S9 separately in their own 

groups (Fig. 25b). In both seasons the analyses placed S1 and S2 in one cluster, S6 in a 

group of its own and indicated closer associations among S7, S8 and S9. 
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Fig. 25 Dendrograms from agglomerative hierarchical clustering of the sampling sites 

using physicochemical parameters data generated during wet (a) and dry (b) seasons. 

 

Cluster analysis using wet season epilithic diatoms data grouped S3 and S9, S4 and S6 as 

well as S7 and S8 in three different clusters and placed S1, S2 and S5 separately in their 

own groups (Fig. 26a). The analysis using dry season data grouped S1 and S4, S5 and S7 

as well as S6 and S9 in clusters separately and placed S2, S3 and S8 in their own groups 

(Fig. 26b). The analyses placed S2 in a group of its own in both seasons. 
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Fig. 26 Dendrograms from agglomerative hierarchical clustering of the sampling sites 

using epilithic diatoms species composition collected during wet (a) and dry (b) seasons. 

 

Cluster analysis using wet season benthic macroinvertebrate data grouped upstream sites 

(S1 and S2) and sites where sampling resulted in no specimen collected (i. e. S4, S7 and 

S8) in separate clusters but placed S3, S5, S6 and S9 in their own groups (Fig. 27a). The 

analysis using dry season data grouped S1 and S2, S4 and S5, S6 and S9 as well as S7 

and S8 in separate clusters but placed S3 in a group of its own (Fig. 27b). In both seasons 

the analyses grouped S1 and S2 as well as S7 and S8 but placed S3 in a group of its own. 
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Fig. 27 Dendrograms from agglomerative hierarchical clustering of the sampling sites 

using benthic macroinvertebrate taxa composition collected during wet (a) and dry (b) 

seasons. 

 

The first two axes in the CCA explain 52.36% and 77.27% of the variances of diatoms 

and macroinvertebrates taxa collected during wet season, respectively and 64.98% and 

87.41% constitute the corresponding dry season variances explained (Appendix 14 and 

Appendix 15). The interpretation of the ordination diagram is that sampling sites close to 

each other contained similar measurements in terms of water quality, while those 

separated apart have different water quality.  
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CCA triplot for wet season epilithic diatoms (Fig. 28) indicated some similarity between 

S1 and S2 as well as among S5, S6 and S9, and stronger similarity between S7 and S8 in 

water quality. The triplot further indicated the difference in water quality at S3. CCA 

triplot for dry season diatoms (Fig. 29) indicated similarities between S1 and S2, S3 and 

S4 as well as among S6, S7, S8 and S9. The triplot further indicated a relatively different 

water quality at S5. 

 

CCA triplot for wet season benthic macroinvertebrates (Fig. 30) depicted similarity 

between S1 and S2 as well as S3 and S5 but a slightly different condition at S6 and poor 

condition at S9 in water quality. CCA triplot for dry season macroinvertebrates (Fig. 31) 

showed similarity between S1 and S2, among S3, S5 and S4 as well as among S7, S8 and 

S9 but a relatively different water quality at S6.  

 

Axis 1 of CCA triplot for wet season diatom data clearly separated S1 from other 

sampling points while Axis 2 separated S3 from others indicating that the two sampling 

sites (S1 and S3) were different from other sampling sites in terms of water quality. S2 

was also separated from other sampling sites. These sites are found in agricultural areas 

and free from urban pollution. The directions of proportional influences of conductivity, 

SRP, NO3
- and COD were pointing away from these sites. Axis 1 of CCA triplot for dry 

season diatom data clearly separated S3 and S4 from other sampling points while Axis 2 

separated S1 and S2 from others indicating that the sampling sites were quite different 

from other sampling sites in terms of water quality. S5 was also clearly separated from 
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other sampling sites. The directions of proportional influence of conductivity, SRP, NO3
- 

and COD were pointing away from these sites towards S6, S7, S8 and S9.  

 

Axis 1 of CCA triplot for wet season macroinvertebrates data clearly separated S3 and S5 

from other sampling points while Axis 2 separated S1 and S2 from others indicating that 

the sampling sites were different from other sampling sites in terms of water quality. The 

direction of proportional influence of conductivity, NO3
-, COD and Cd was pointing 

away from S3 and S5 towards S9. The directions of proportional influence of Silica, DO 

and Pb were pointing away from S1 and S2 towards S6. Axis 1 of CCA triplot for dry 

season macroinvertebrates data clearly separated S5, S3 and S4 from other sampling 

points while Axis 2 separated S1 and S2 from others indicating that the sampling sites 

were different from other sampling sites in terms of water quality. S6 was also clearly 

separated from other sampling sites. The directions of proportional influences of 

conductivity, SRP, NO3
- and COD were pointing away from these sites towards S7, S8 

and S9.  

 

The arrow of environmental variables points in the direction of maximum change in the 

value of the associated variable, and the arrow length is proportional to this maximum 

rate of change. Most of the physicochemical parameters in the CCA triplots were 

pointing away from S1, S2, S3 and S5 since the measured value of those variables that 

increase with increase in pollution load were relatively lower at these sites.  
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Fig. 28 Wet season triplots of first and second CCA axes of epilithic diatoms taxa, 

environmental variables and the corresponding sampling sites at Huluka River. 
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Fig. 29 Dry season triplots of first and second CCA axes of epilithic diatoms taxa, 

environmental variables and the corresponding sampling sites at Huluka River. 

 

The scale in SD unit is -1 to 1 for both the diatom and environmental variable scores. The 

arrows show the direction and proportional influence of the environmental variables. 

Each species triangular point in the diagram is at the centroid (weighted average) of the 

site points in which it occurs. The full name for the abbreviation codes of diatom taxa can 

be seen in Appendix 8. 
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Fig. 30 Wet season triplots of first and second CCA axes of benthic macroinvertebrates 

taxa, environmental variables and the corresponding sampling sites at Huluka River. 
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Fig. 31 Dry season triplots of first and second CCA axes of benthic macroinvertebrates 

taxa, environmental variables and the corresponding sampling sites at Huluka River. 

 

The scale in SD unit is -1 to 1 for both the macroinvertebrates and environmental variable 

scores. The arrows show the direction and proportional influence of the environmental 

variables. Each family triangular point in the diagram is at the centroid (weighted 

average) of the site points in which it occurs. The full name for the abbreviation codes of 

macroinvertebrates taxa can be seen in Appendix 11. 
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Chapter 7 Discussion 

7.1 In situ Measurements 

The water temperature in a given river may vary with location of sampling sites, 

sampling season and time of measurement. Thus, the minimum temperature determined 

at S4 in December might be due to the cold season and measurement in the morning 

whereas the maximum value recorded at S5 in June might be attributed to the hot season 

and sampling in the afternoon (Appendix 1). The National Meterological Agency 

indicated that March to May constitutes the hottest months while October to December 

make up the coldest months in the study area. The relatively lower temperature recorded 

at upstream sites might be explained by the higher altitude (Appendix 1) and 

measurement in the late afternoon whereas that at S9 and S8 might be attributed to taking 

measurements in the morning as sample collection was taking place upstream starting 

from the last site in the downstream reach. The water temperature values recorded at the 

sampling sites during wet season were higher than the corresponding dry season values at 

most sampling sites and supported with the National Meterological data. All the 

temperature values were found to meet the ambient standard for surface water of Ethiopia 

(EEPA, 2003) (5-300C).  

 

The pH of Huluka River water was slightly less than 7 implying acidic water. Wet season 

pH values at almost all sampling sites and dry season values at S7 as well as S6 fell 

below 6.5 which might be attributed to higher temperature, organic enrichment through 

surface runoff and discharge of effluents. The lower pH recorded at S7 in both seasons 

(Fig. 5) might indicate organic pollution. The higher pH values recorded at upstream sites 

might be attributed to lower temperature related to higher altitude whereas that at S3 and 
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S4 might be explained by lower temperature recorded in response to taking 

measurements in the morning. The highest pH was recorded in December at most 

sampling sites in contrast to temperature and generally dry season values exceeded the 

corresponding wet season values (Appendix 1). Accordignt to Department of Water 

Affairs and Forestry (1996) the pH of most raw water sources lies within the range of 

6.5-8.5 and influenced by various factors and processes, including temperature, discharge 

of effluents, acid mine drainage, acidic precipitation, runoff, microbial activity and decay 

processes and in line with the present finding. At some sampling sites including S7 pH 

fell below the WHO (2011) water quality standards and ambient standard for surface 

water of Ethiopia (EEPA, 2003) (6-9) and deserves attention.  

 

The DO level in Huluka River water was generally inversely related to water temperature 

(Fig. 4 and Fig. 6). Less oxygen diffusion from terrestrial photosynthesis in response to 

lower atmospheric pressure related to the higher altitude and the organic matter load from 

the large livestock size supported in the area might explain the lower DO levels at S1 and 

S2. It further states that DO the most determinant factor for aquatic life existence and 

biodiversity. 

 

The relatively lower organic matter load and temperature might be responsible for the 

maximum DO level recorded at S3. On the other hand, organic enrichment through 

sewage discharge and surface runoff from Ambo town might explain the lower DO level 

at S6. The increased DO level at S9 might be explained by the presence of a cascade 

some 250m upstream and river self purification further down the pollutant loads.  
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The relatively higher DO levels recorded during wet season as compared to the 

corresponding dry season values irrespective of higher temperature and increased organic 

matter load through surface runoff might be attributed to increased current or agitation 

which might have enhanced diffusion of oxygen from terrestrial photosynthesis. The 

statistically significant spatial variations in DO levels during both seasons might be 

attributed to variations in temperature, algal photosynthesis, agitation and diffusion from 

terrestrial photosynthesis as well as local organic matter load. All the DO values were 

found to meet the ambient standard for surface water of Ethiopia (EEPA, 2003) 

(≥4mg/L).  

 

Conductivity, or specific conductance, is a measure of the ability of water to conduct an 

electric current. It is related to the concentrations of total dissolved solids and major ions 

and sensitive to variations in dissolved solids mostly mineral salts. The relatively higher 

levels at upstream sites might be attributed to increased dissolved solid inputs related to 

interference from livestocks. The conductivity elevated at the downstream sites (S6, S7, 

S8 and S9) might be attributed to increased concentrations of total dissolved solids inputs 

through effluents discharged from various sources in Ambo town. The higher 

conductivity recorded during dry season compared with the corresponding wet season 

levels might be attributed to more concentrated dissolved solids in response to reduced 

flow.  
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Reports indicate that in addition to being a rough indicator of mineral content when other 

methods cannot easily be used, conductivity can be measured to establish a pollution 

zone, e.g. around an effluent discharge, or the extent of influence of run-off waters which 

was evident in the present study. All the conductivity values were found to meet the 

ambient standard for surface water of Ethiopia (EEPA, 2003) (1000µS/cm).  

 

The maximum mean turbidity recorded at S6 during wet season might be attributed to 

highest sediment loads through surface runoff from agricultural and urban land uses. The 

lower turbidity recorded at the upstream sites during July when it peaked at the rest sites 

(Appendix 1) might be due to sediment filtering effect of the riparian vegetation (grass) 

(Appendix 6) protected by local farmers for latter use for their animals. The higher 

turbidity at S3, S4 and S5 during wet season could be explained by increased sediment 

inputs resulted from soil erosion in the catchment and loss of riparian vegetation 

(Appendix 6). Wet season turbidity were obviously higher than those of dry season at all 

the sampling sites and attributed to silt loads through surface runoff from increased 

agricultural activity during the former. The relatively higher turbidity at the upstream 

sites during dry season especially December on the other hand might be attributed to river 

bank degradation (Appendix 6) by the large livestock size supported in the catchment. 

The statistically significant temporal variations in turbidity at downstream sites (S6-S9) 

might be attributed to variations in sediment inputs from rural agriculture, sewage 

discharge and solid waste disposal which vary with time.   
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  7.2 Analyses of Nutrients and Organic Matter Load 

Fertilizers applied to irrigable crop lands on the left river bank might be the major source 

for the relatively higher SRP concentrations determined at S4 in June whereas the 

elevated levels at downstream sites (S6, S7, S8 and S9) might be attributed to sewage 

discharged from domestic sources, commercial centres and institutions as well as solid 

waste disposal. Previous reports (i.e., Prabu et al., 2008 and Tadesse Mumicha, 2010) 

also indicated a downstream increasing trend in the concentration of SRP before 

installation of the waste treatment plant at AU and in agreement with the present finding. 

The effluent discharged by the AU WSPs with nutrients from human and animal excreta, 

student service centres as well as heavy detergent utilization by the high student 

population at the campus might be responsible for the elevated SRP levels determined at 

the sites down the effluent discharge point i. e. S8 and S9. 

 

Increased inputs through surface runoff of animal excreta, fertilizers applied on crop 

lands as well as municipal wastes might be responsible for the higher concentrations 

determined during wet season especially June at almost all the sampling sites (Appendix 

2). UNESCO/WHO/UNEP (1996) reports that fertilizer runoff and domestic wastewaters 

(particularly those containing detergents) contribute to elevated nutrient levels in surface 

waters which is in line with the present finding. The relatively lower concentration at 

upstream sites might be partly attributed to the nutrient filtering effect of the riparian 

vegetation grass (Appendix 6) in the area. The statistically significant spatial variation in 

the concentration of SRP during dry season might be attributed to nutrient loads through 

sewage discharged from various point sources in the town. The SRP values at S7, S8 and 
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S9 exceeded the WHO and ambient standard for surface water of Ethiopia (EEPA, 2003) 

(≤0.005) suggesting impacts.  

 

The higher concentration of the nitrate-N at upstream sites might be attributed to 

decomposition of plant residue whereas the elevated levels determined at downstream 

sites (S8, S9 and S7) might be due to municipal wastewaters including leachates from 

waste disposal sites. The maximum concentration at S8 during dry season could be 

attributed to effluents discharged from the WSPs at AU. The elevated nitrate 

concentrations determined during wet season as compared to the corresponding dry 

season values at the sampling sites could be explained by increased contaminations 

through surface runoff from agricultural and urban (Ambo town) land uses. In the present 

analysis, all the sampling sites meet the ambient standard for Ethiopian Surface Water 

Quality Guidelines (<50mg/L) (EEPA, 2003).  

 

Contaminations with animal excreta from the large livestock size supported in the 

catchment might be the cause for the relatively higher concentrations of ammonia 

determined at S1. The relatively higher concentrations at S4, S6 and S7 might be 

attributed to domestic sewage and leachates from waste disposal sites. Fertilizer runoff 

from crop fields in the respective catchments might also contribute to the higher 

concentrations determined at S1 and S4. The higher wet season ammonia concentrations 

as compared to the corresponding dry season levels determined at all the sampling sites 

might be explained by increased inputs from animal excreta and waste disposal sites 

through surface runoff during the former (Appendix 16).  The degraded riparian 
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vegetation especially at S4 and S6 (Appendix 6) might also enhanced the extent of 

contamination. UNESCO/WHO/UNEP (1996) reports that unpolluted waters contain 

small amounts of ammonia and ammonia compounds, usually <0.1 mg/L and higher 

concentrations could be an indication of organic pollution such as from domestic sewage, 

industrial waste and fertilizer run-off.  

 

The relatively higher concentrations of silica which is a major component of diatoms 

frustule at S6 and S7 in both seasons might be attributed to local geology and 

contaminations with chemicals containing the nutrient through sewage discharge. The 

elevated wet season concentrations of silica especially during July might be due to 

increased contaminations from non point sources whereas that during December could be 

attributed to reduced flow which might have concentrated the nutrient. The statistically 

significant temporal variation in the concentration of Silica at S8 might be attributed to 

variations in the concentrations of silica discharged from AU WSPs effluents and 

eutrophication. 

 

The variation in the levels of COD among the sampling sites could be attributed to the 

degree of organic waste generated and discharged to the river water from animal 

husbandry, domestic sources, commercial centers and institutions that may vary from one 

location to the other. The higher COD at the upstream sites could be attributed to animal 

waste loaded from the huge livestock size supported in the area and manure applied to 

crop fields whereas the elevated levels at the sites in the downstream reaches might be 

due to urban sewage and leachates from solid waste disposal sites. The higher COD 
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values determined during wet season compared with the corresponding dry season values 

might be explained by the increased organic enrichment through surface runoff from 

agricultural and urban land uses. The statistically significant spatial variations in the 

levels of COD in both seasons might be attributed to organic matter load from point and 

non-point sources which vary along the river. The values of COD especially at 

downstream sites were closer to the limit of Ethiopian ambient standard for surface 

waters (≤150mg/L) suggesting impacts. 

   

7.3 Analyses of Heavy Metals 

Variation in the mean concentrations of the metals from one site to the other along 

Huluka River might be attributed to local geology and use of chemicals containing the 

metals that ultimately enter the river in sewage and may vary from one location to the 

other. This is in line with Vardanyan et al. (2008) which states that generally trace 

amounts of metals are always present in freshwaters from the weathering of rocks and 

soils while significant amounts enter surface waters in sewage as well as with 

atmospheric deposition (e.g. lead). The relatively higher concentrations of Mn, Co and Zn 

determined during wet season at most sampling sites might be attributed to increased 

contaminations through surface runoff from non-point sources (i. e. source rocks, crop 

fields and urban land uses). Nevertheless, there was no clear temporal trend in the 

concentrations of the rest metals i. e. Cd, Ni and Pb. 
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The relatively higher mean concentrations of Cd at downstream sites might be due to 

increased contaminations related to the uses of refined petroleum products, paint 

pigments and detergents in Ambo town. The relatively elevated concentrations of the 

metal at S8 and S9 could be attributed to contaminations from the AU WSPs effluents 

discharged to the river. Previous reports made by Prabu et al. (2008) and Tadesse 

Mumicha (2010) from the same river before introduction of the treatment plant indicated 

a downstream increasing trend in the concentrations of the metal and in accordance with 

the present finding. Nevertheless, the concentrations of Cd in the river water did not 

exceed the standard set by WHO (1984) for drinking water (0.003mg/L). On the other 

hand, the concentrations of Mn and Co exceeded the standards set by WHO (1984) for 

drinking water (0.5mg/L) and for irrigation (0.2mg/L), respectively at many sites 

especially during wet season suggesting impacts.  

 

7.4 Assessment using Biological Indicators 

    7.4.1 Physical Habitat Assessment  

Huluka River flows through the catchments supporting various human activities 

(Appendix 16) the degree of which varied on spatial and temporal scales. Even the 

sampling sites (S1 and S2) near the river source (Lake Dandi) previously thought to serve 

as reference sites from biomonitoring point of view were found to be under pressure from 

a large livestock size supported by the wetland surrounding Lake Dandi and crop 

production including in deforested steep slopes. Pressure from large sized livestock, poor 

farming methods, deforestation and poor urban waste management were the most 

common causes of catchment degradation along Huluka River (pers. obs.). The 
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conditions of habitat integrity at S4 and S3 in both seasons as well as at S6 during wet 

season were relatively lower (Appendix 6). The relatively lower habitat quality noted at 

S4 might be attributed mainly to the substrate composition which was dominated by 

gravel wheras that at S3 and S6 might be explained by higher sediment deposition. Poor 

vegetation protection and the major loss in riparian vegetation also contributed to the 

lower habitat quality at the sites.  

    

  7.4.2 Diatoms 

The composition of a diatom flora at a given station is the result of the integrated 

physico-chemical features. Potapova and Charles (2007) states that diatoms are sensitive 

to water chemistry, especially ionic content, pH, dissolved organic matter as well as 

nutrients while Stevenson and Pan (1999) reports the association of changes in diatom 

assemblages with eutrophication and heavy metals contaminations. Thus, the spatial and 

temporal variability of the epilithic diatom community species richness and dominance 

recorded at Huluka River during the study period (Table 2) could be attributed to 

temperature, pH, conductivity, turbidity, nutrient loads, organic enrichment as well as 

contamination by heavy metals which varied on spatial and temporal scales.  

 

Taffere Addis (2008) reports 54 species belonging to 21 genera from a comparative cross 

sectional study conducted on the streams in Addis Ababa and revealed that the species 

diversity seems to be low. Compared with this the diatom species richness determined 

from the samples collected during similar period in the present study is higher indicating 

better quality of Huluka River water. The overall decline in the species richness of 
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diatoms downstream in both seasons (Table 2) might be a response to increased 

conductivity, nutrient loads, organic pollution (Fig. 13) and contaminations with heavy 

metals mainly Cd (Fig. 14). Previous reports indicate that diatom species richness usually 

decreases downstream as a result of stream contamination by organic enrichment (e.g., 

Nather Khan, 1990; Whitton et al. 1991) and metals (e.g., Sudhakar et al. 1991, Whitton 

et al. 1991) and support the present result.  

 

The relatively lower richness recorded during wet season at S4 might be attributed to 

higher turbidity (Fig. 8), relatively degraded physical habitat (Appendix 6) and organic 

enrichment from the surrounding agricultural and urban land uses. Poor nutrient 

availability i.e. SRP (Fig. 9) and Silica (Fig. 12), lower DO levels (Fig. 6) and turbidity in 

response to increased interference by the large sized livestock supported in the area might 

be responsible for the lower taxa richness at S2 during dry season. The highest dry season 

diatom taxa richness at S3 might be attributed to the overall better water quality at the 

site. 

 

The higher wet season taxa richness compared to the corresponding dry season levels at 

most sampling sites could be attributed to the relatively higher temperature, increased 

nutrient loads through surface runoff from catchment land uses and lower conductivity. 

These might have favored growth of the diatom assemblages especially the tolerant 

species despite the concurrently increased pollutant loads.  
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Bellings et al. (2006) reports Achnanthes, Gopmhonema and Navicula as the most 

common genera identified from African tropical streams and in agreement with the 

present finding. The dominance demonstrated by Nitzschia over Gomphonema (a taxon 

which dominated the diatom community at all the rest sites) at S8 during wet season 

might be attributed to better adaptation of the former to increased concentrations of SRP, 

Cd, organic matter and conductivity at the site and was mainly due to N. palea. The 

spatial shift in diatom assemblage from Acnanthidium dominated at upstream sites to the 

more tolerant Nitzschia dominated at downstream sites during wet season next to the 

primary dominance by Gomhonema might be attributed to increased nutrient loads, 

organic enrichment, contaminations by heavy metals and increased conductivity. Kelly et 

al. (2008) reports a shift from dominance by Acnanthidium to a more variable mixed 

assemblage with an increase in more nutrient tolerant, and often motile, species (e.g. 

Navicula and Nitzschia) with a decline in ecological status and in accordance with the 

present result. 

 

The temporal shift in assemblages dominated by Gomphonema during wet season to 

Nitzschia dominated assemblages in dry season on the other hand might be explained by 

better performance of some species belonging to Nitzschia under relatively lower 

temperature, higher pH, better light availability and higher conductivity. Pan et al. (1996) 

as well as Potapova and Charles (2002) identify conductivity as one of the important 

factors that structure diatom communities in lotic systems and support the present 

finding. 
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Dominance of G. parvulum at most sampling sites (66.67%) during wet season might 

indicate environmental stress mainly increased nutrient loads and organic enrichment. 

The taxon was abundant at polluted sites and extended to less as well as severly polluted 

ones. Previous reports (e.g., Lange-Bertalot, 1979; Hall and Smol, 1992; Pan et al., 1996) 

indicate that the percentages of eutraphentic diatom are expected to increase with 

increasing nutrient and organic enrichment and in line with the present finding. Hill et al. 

(2001) states that dominance by a single taxon increases with increasing environmental 

stress and support the result of the present study.  

 

Dominance of A. minutissimum at S2 in both seasons, at S3 in wet season and S1 in dry 

season could be attributed to the relatively better water quality at the sites which is in line 

with Halyoncu (2009). The poor representation of the taxon at downstream sites on the 

other hand might be explained by sensitivity to increased contamination. Previous reports 

(e.g., Kelly et al., 2001; Potapova and Charles, 2007; Abebe Beyene et al., 2009) 

describe A. minutissimum as low nutrient indicator and support the present finding. 

 

The dominance of N. palea at S8 could be attributed to tolerance to increased SRP loads 

and organic enrichment. Fore and Grafe (2002) states that N. palea is typical of 

phosphate enriched or organically polluted waters and in line with the present finding. 

Van Dam et al. (1994) describes N. palea as an indicator of polysaprobic or 

hypereutrophic environments occurring in waters with low concentration of dissolved 

oxygen and agrees well with the result of the present study. Halyoncu (2009) states that 

highly tolerant species such as N. palea and G. parvulum were dominant in polluted sites 
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while pollution sensitive species including A. minitussima were dominant in unpolluted 

and moderately polluted sites and in accordance with the results of the present study. 

 

Dominance of N. amphibian at S5, S8 and S9 during dry season might be attributed to 

adaptation of the taxon to nutrient (SRP) loads and organic enrichment whereas that by 

N. liebetruthii at S7 could be explained by affinity towards lower pH besides tolerance to 

the above stressors. S. ulna dominated at S4 during dry season and this might be due to 

the low nutrient optimum of the taxon as pointed out by Kelly and Whitton (1995) and 

preference to lower conductivity already reported by Gasse (1986). The dominanace by 

C. placentula at S6 might be attributed to tolerance of the taxon to increased 

conductivity, organic enrichment, nutrient loads mainly silica (Fig.17) and resistance to 

grazing. According to Gasse (1986) C. placentula is β-mesosaprobous, eutraphentic 

aquatic species which develops in medium to low mineral content with conductivity less 

than 400 µScm-1 and in line with the present result. 

 

Epilithic diatoms Hˊ, E and d indicated relatively poor water quality at S4, S6 and S8 

during wet season and at S7, S2 and S5 during dry season. The lower wet season 

diversity indices and evenness at S4, S6 and S8 might be partly attributed to organic 

enrichment (Fig. 13), nutrient loads and contaminations by heavy metals from 

agricultural and/or municipal land uses in the respective catchments. Wet season 

concentrations of four of the six heavy metals analyzed (i. e. Mn, Ni, Zn and Pb) peaked 

at S6 while that of Cd peaked at S8. The lowest pH recorded (Fig. 5), organic enrichment 

and contamination by Cd (Fig. 14) might be responsible for the lowest diversity indices 
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and evenness of diatoms determined at S7 during dry season. Lower nutrient (SRP and 

Silica) levels and turbidity in response to increased interference by grazing animals might 

be responsible for the lower levels of the metrics at S2 and S1 in dry season. The indices 

were also relatively lower at S5 which might be explained by nutrient loads indicated by 

the TDI (Table 2) and contamination with Pb.   

 

Wet season diatom diversity index exceeded the corresponding dry season values at most 

sampling sites despite the increased pollutant loads during wet season. This might be 

explained by the concurrent increased nutrient loads and higher temperature which might 

have favored the growth and survival of the diatoms.     

 

TDI (Table 2) indicated a relatively higher nutrient loads at downstream sites in both 

seasons, at S4 during wet season and at S5 during dry season which is generally in 

accordance with the physicochemical parameters. However, TDI is not a reliable 

measurement of eutrophication when %PTV exceeds 20% which is the case at most 

sampling sites in the present study (Table 2). The metric indicated lower nutrient levels at 

upstream sites especially during dry season.  

 

Wet season %PTV values indicated heavy organic pollution at S5, S8, S4 as well as S7 

and possible significant contribution of organic pollution to eutrophication at S6, S1 and 

S2 (Table 2 and Appendix 9). The values also indicated evidence of organic pollution at 

S9 and S3 and thus no site was free of significant organic pollution especially during wet 

season. Dry season %PTV values indicated heavy organic pollution at S7, S5 as well as 
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S3 and possible significant contribution of organic pollution to eutrophication at S8 and 

S6. However, the metric revealed absence of significant organic pollution at S2, S1 and 

S4 during dry season (Table 2 and Appendix 9).  

 

The higher values of the TDI noted at S4 during wet season might be due to nutrient 

(SRP) inputs from the nearby intensive agricultural activity on the left river bank. The 

effluent discharged to the river from the AU WSPs might be responsible for the relatively 

higher TDI at S8 in both seasons. The maximum values of the index noted at S5 during 

dry season might be partly attributed to nutrient loads through sewage discharge and 

intense cloth washing at the site. The relatively higher TDI at most sampling sites during 

wet season as compared to the corresponding dry season values could be explained by 

increased nutrient (SRP) inputs through surface runoff from agricultural and urban land 

uses. 

 

The poor water quality at S4, S7 and S8 indicated by S in both seasons might be due to 

organic enrichment through sewage discharged and contaminations from municipal and 

agricultural land uses. The maximum dry season S determined at S4 might indicate the 

availability of local point source(s) of organic pollution whereas the maximum wet 

season S determined at S8 might be due to increased volume of effluent discharged to the 

river from AU WSPs in response to increased precipitation. The relatively higher wet 

season S as compared to the corresponding dry season levels at most sampling sites might 

be attributed to increased organic enrichment through surface runoff from the 

surrounding land uses during wet season. 
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Epilithic diatoms CLI indicated water quality problems at S8, S7, S4 and S9 during wet 

season and at S2, S7, S8 and S6 during dry season. The water quality problems at S8 and 

S7 during wet season could be attributed to sewage discharged from urban land uses 

(domestic sources, commercial centers and institution for S8-AU) and that at S4 might be 

due to higher turbidity, nutrient inputs from the nearby intensive agriculture, Pb 

contamination and poor physical habitat. The higher CLI determined at S2 during dry 

season might be explained by poor nutrient availability, turbidity due to increased 

interferences from grazing animals supported in the wetland surrounding Lake Dandi and 

the deteriorated water quality at S7 and S8 indicated by CLI could be attributed to 

increased pollution loads. Elevated turbidity and increased pollution loads through 

surface runoff might be responsible for the increased wet season water quality 

deterioration indicated by CLI at most sampling sites. Overall, the trend in the epilithic 

diatom taxa richness, diversity indices, evenness, dominance, TDI, S and CLI indicated 

increased water quality deterioration at S4 and downstream sites along the river and 

during wet season. 

 

    7.4.3 Macroinvertabrates 

Many taxa including Coenagrionidae, Corixidae, Naucoridae, Gerridae, Gyrinidae, 

Dytiscidae, Notonectidae, Elmidae and Psphenidae were collected exclusively from 

upstream sites in low numbers. This might be attributed to better physical habitat 

(substrate condition and vegetative protection) (Appendix 6) and water quality conditions 

in the reaches and supported by Plafkin et al. (1989) which states that taxa richness 
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increases with increasing habitat diversity, suitability, and water quality. This might also 

be attributed to differences in ecoregions comprising the upstream and downstream sites.  

 

Pollution is not the only cause for disappearance of macroinvertebrates, but physical 

habitat quality such as substrate composition and turbulence. The habitat quality 

evaluation revealed that the substrate composition at S4 was dominated by gravel while 

that at S7 and S8 by bed rock which cannot support diversified macroinvertebrates 

according to Giller and Malmqvist (1998). Thus, the poor physical habitat (Appendix 6) 

and/or water quality conditions might be responsible for the failure in collecting benthic 

macroinvertebrate specimens from S4, S7 and S8 during wet season. Though sample 

collection was made before the commencement of heavy rain the disappearance of 

macroinvertebrates might also be partly attributed to water current which might have 

washed them away. 

 

The overall decline in the benthic macroinvertebrate taxa richness downstream (Table 3) 

might indicate and/or be a response to a decline in habitat condition and/or water quality. 

The lowest taxa richness noted at S8 during dry season might be partly attributed to the 

effluents discharged from the AU WSPs. The lower levels of wet season taxa richness 

compared with that of the corresponding dry season values at the sampling sites except 

S1 might be attributed to faster water current in response to increased flow, poorer 

substrate composition (Appendix 6) and increased pollutant loads through surface runoff 

during wet season. The higher wet season taxa richness at S1 might be attributed to better 

physical habitat (i. e.. substrate composition, vegetation cover, protected riparian 
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vegetation (grass) for latter use as animal feed and bank stability) (Appendix 6) and water 

quality. The situation at S1 changed during dry season in response to increased animal 

intereferance for grazing and water and impaired the resident macroinvertebrate fauna.  

 

Abundance of EPT taxa (Caenidae, Baetidae and Hydropsychidae) showed a general 

declining trend downstream and might indicate and/or be attributed to the decline in 

physical habitat and/or water quality. Caenidae was almost confined to upstream sites 

associated with vegetation and found to be more sensitive to water quality as compared to 

Baetidae. A previous study investigating the relationship between macroinvertebrates and 

environmental factors in Southwest Ethiopia by Mereta Seid et al. (2013) also reported 

that Caenidae were highly correlated with vegetation and mainly found at sites with a 

good water quality. The relative hardiness of Baetidae and Hydropsychidae to pollution 

noted in the present study was also reported by different authors (e.g. Harrison and 

Hynes, 1988; Aschalew Lakew and Moog, 2015b).  

 

Dominance by EPT at the upstream sites in both seasons might indicate and/or be 

attributed to better physical habitat and/or water quality whereas that by Diptera at the 

downstream sites (S8, S7, and S9) might indicate the opposite. Benthic macroinvertebrate 

H, E and d indicated physical habitat and/or water quality deterioration at S6 and S9 

during wet season among the sites where specimens were collected and at S8, S4 as well 

as S5 during dry season. Nutrient loads (Fig. 10 and Fig. 11), organic enrichment (Fig. 

14) and contaminations by heavy metals mainly Cd (Fig. 16) from respective catchment 

land uses might be responsible for the deteriorated water quality at the sites.  
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FBI indicated organic enrichment at upstream and downstream sites in both seasons 

which might be attributed predominantly to agricultural (contamination with excreta and 

urine from the high livestock population supported in the wetland) and urban (sewage 

discharge and poor solid waste management in Ambo town) land uses, respectively. Wet 

season FBI exceeded the corresponding dry season values where determined indicating 

increased contaminations through surface runoff during wet season. 

 

ETHbios score system indicated increased water quality deterioration at downstream sites 

along Huluka River and during wet season like other indicators. The ASPT-ETHbios was 

relatively better in indicating the river water quality compared with ETHbios score which 

tended to place sites of moderate water quality such as S3 to the poor category. Previous 

reports (e.g., Chutter, 1994; Aschalew Lakew and Moog, 2015b) indicated that ASPT is a 

more reliable measure of the health of rivers than the total score which is in accordance 

with the present finding. Aschalew Lakew and Moog (2015b) points out that compared to 

ASPT the total score showed high variability between river quality classes due to site 

specific diversity of benthic macroinvertebrates 

 

The percentage of filtering collectors and scrapers were lower at downstream sites 

especially S7 and S8 in both seasons and indicated water quality deterioration. Dry 

season percentages of gathering collectors and scrapers exceeded the corresponding wet 

season values indicating better dry season water quality. Thus, the metrics on the 

functional feeding groups also indicated increased water quality deterioration at 

downstream sites and during wet season.  
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In general, many of the metrics/indices determined i.e. taxa richness, diversity indices, 

evenness, FBI, ETHbios scoring system, EPT richness, %EPT, EPT-chronomidae ratio, 

%Diptera, CLI and FFGs indicated increased water quality deterioration at downstream 

sites along Huluka River. Some of these also indicated problems at upstream sites and S4. 

The macroinvertebrate community structure and function change naturally along a river 

according to the stream order, which controls food supply, light and temperature as 

pointed out in the river continuum concept (Vannote et al., 1980). Nevertheless, the 

changes observed in the present study at Huluka River may not be natural because of the 

total disappearance of the sensitive taxa and some other taxa, and the dominance of the 

few more tolerant taxa at downstream reaches mainly S7 and S8. The indices/metrics 

further indicated increased water quality deterioration during wet season as compared to 

dry season.  

  

  7.4.4 Assessment using Diatoms and Macroinvertebrates: A Comparative Approach  

The decline in the taxa richness of epilithic diatoms (Fig. 22a) and benthic 

macroinvertebrates (Fig. 22b) generally indicated increased water quality deterioration at 

downstream sites. Nevertheless, diatom taxa richness indicated better wet season water 

quality as compared to that of dry season at most sampling sites in contrast to 

macroinvertebrates taxa richness.  
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Wet season diversity indices of diatoms indicated water quality problems at S4, S6 and 

S8 while that of benthic macroinvertebrates was undefined at S4, S7 and S8 as no 

specimen was collected which by itself might be an indication for water quality problem. 

Dry season diatom diversity indices indicated water quality problems mainly at S7 and 

S2 while that of macroinvertebrates showed problems mainly at S4 and S8. Wet season 

Epilithic diatoms Hˊ, E and d exceeded the corresponding dry season values at most 

sampling sites in contrast to that of benthic macroinvertebrates.  

 

The lower diatoms S at upstream sites in both seasons in contrast to the 

macroinvertebrate FBI might be attributed to low nutrient availability which might have 

negatively affected the growth and survival of diatom species with better affinity towards 

organic enrichment. Wet season S indicated organic pollution at S4, S7 and S8 which 

might have contributed to the impaired macroinvertebrate community at the sites. The 

higher dry season S in contrast to FBI might indicate the sensitivity of the index to 

nutrient load as well.  

 

Wet season CLI of diatoms (Fig. 25a) indicated poor water quality at S8, S7 and S4 

where that of macroinvertebrates remained undefined (Fig. 25b) as sampling resulted in 

no specimen collected which might be partly due to the water quality problem itself. Dry 

season CLI of diatoms indicated water quality problems mainly at S2, S7 and S8 while 

that of macroinvertebrates showed major problems at S8 and S9. Wet season CLI of both 

assemblages exceeded the corresponding dry season values at most sampling sites 

indicating increased water quality deterioration during wet season.  
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The biotic indices/metrics i. e. taxa richness, Hˊ, S and CLI of epilithic diatoms indicated 

water quality problems at downstream sites mainly S7 and S8 in both seasons. Some of 

these indices further indicated a major water quality problem at S2 during dry season and 

some deterioration at S4 as well as S6 during wet season. Wet season macroinvertebrate 

taxa richness, Hˊ, FBI and CLI indicated problems at S6 and S9 while some of that of dry 

season depicted deteriorations at S4, S8 and S9.  

 

These metrics/indices were zero or undefined at S4, S7 and S8 for macroinvertebrates 

during wet season as no specimen was collected might be related to degraded physical 

habitat conditions (mainly substrate composition and water current) and/or intolerance to 

heavy pollution making diatoms more preferable in water quality assessment. Previous 

reports (Barbour et al., 1999; De la Rey et al., 2004; Harding et al., 2005) indicate that 

unlike epilithic diatoms benthic macroinvertebrates require specific food and specialized 

habitat niches; can be dislodged and removed by water current and cannot survive in 

heavily impacted waters and hence support the present finding. McCormick and Cairns 

(1994) and Reid et al. (1995) report the less habitat-dependency of diatoms when 

compared with macroinvertebrates. CCME (2006) states that diatoms are suited for 

monitoring very heavily impacted systems where other types of organisms are absent. 

 

  7.5 Multivariate Analyses 

Cluster analyses using physicochemical and macroinvertebrates data grouped S1 with S2 

in both seasons and S7 and S8 in dry season indicating the similarity in water quality 

between the paired sites.  The analysis based on wet season diatoms data placed S1 and 



106 
 

S2 separately unlike that based on physicochemical and invertebrate data which might be 

attributed to the sensitivity of the organisms to the existing water quality differences 

mainly nutrients and organic matter load but grouped S7 and S8 in the same cluster. Dry 

season analysis based on diatoms placed S1, S2, S7 and S8 in groups of their own which 

might be attributed to the response of diatoms to nutrient availability. 

 

Cluster analyses based on wet season physicochemical, diatoms and macroinvertebrates 

data placed S5 in a group of its own and the analyses based on physicochemical and 

invertebrates data placed S6 separately indicating the sites‟ differences in  terms of water 

quality. Dry season analyses based on physicochemical and diatom data placed S3 in a 

group of its own whereas that based on physicochemical and invertebrate data placed S6 

and S9 in a group of their own. Thus, cluster analyses output based on physicochemical, 

diatoms and macroinvertebrate data indicated the similarity between the upstream sites, 

S1 and S2, as well as the two downstream sites, S7 and S8 in terms of water quality. The 

analyses further indicated differences in water quality among the rest sampling sites and 

hence generally placed sites according to their pollution gradient.  

 

The variances of macroinvertebrates taxa explained by the first two CCA axes exceeded 

the corresponding variances explained by diatom taxa in both seasons (Appendix 14 and 

Appendix 15). Hence, the water quality variability along the river was explained more 

using macroinvertebrates rather than diatoms. Both seasons CCA triplots of diatoms and 

that of macroinvertebrates in dry season clearly separated the downstream sites with 

deteriorated water quality i. e. S7 and S8. The triplots for both assemblages separated S6 
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and S9 from other sampling sites in both seasons. The direction of proportional influence 

of conductivity, SRP, NO3
- COD and Cd was pointing towards the downstream sites (S7, 

S8 and S9) (Figs. 28-31). The figures further revealed that the direction of proportional 

influence of Silica, DO, Pb and NH4+-N was pointing towards S6. The direction of most 

of the physicochemical parameters in the triplots were away from S1, S2, S3 and S5 since 

the measured values of those variables that increase with increase in pollution load were 

lower at these sites (Figs. 28-31).  

 

  7.6 Sources of Huluka River Pollution  

Increased conductivity, SRP, Nitrate-N, COD, contaminations by some heavy metals and 

multivariate analyses indicated that the relatively better Huluka River water quality at S3 

before entering Ambo town underwent deterioration as the river flows through the town 

at the downstream sites mainly S7 and S8. Decreased taxa richness, dominance by more 

tolerant taxa, lower Hˊ and E as well as higher CLI of the assemblages also indicated 

deteriorated water quality at the downstream sites.  Diatom based indices such as S and 

TDI as well as macroivertebrate based indices (EPT richness, EPT%, EPT-Chironomidae 

ratio, FBI, ETHbios, %gathering collectors and %scrapers) also depicted deterioration in 

water quality of Huluka River at downstream sites. On top of this, the increased COD, 

conductivity, %PTV as well as FBI and decreased DO indicated organic pollution at 

upstream sites especially during wet season.  
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Relatively lower pH, higher nutrient (SRP, Nitrate-N and Silica) levels, elevated COD 

and higher concentrations of the heavy metals analyzed at most sampling sites depicted 

greater water quality deterioration during wet season as compared to dry season. Wet 

season CLI, S and TDI of diatoms also exceeded the corresponding dry season levels at 

most sampling sites indicating increased water quality deteroration during the former. 

Lower taxa richness and Hˊ as well as higher CLI of macroinverterates also indicated 

increased wet season water quality deterioration.  

 

Assessment of spatial and temporal trends in the water quality of Huluka River using 

selected physicochemical parameters, physical habitat, biotic indices/metrics and 

multivariate analyses indicated water quality deterioration at downstream sites and during 

wet season. Previous reports (e.g., Prabu et al., 2008; Prabu et al., 2011 and Tadesse 

Mumicha, 2010) also indicate a downstream declining water quality of the river and in 

accordance with the present finding. Thus, the central hypothesis of the thesis which 

states that there is no spatial variation in the water quality of Huluka River is disproved 

and this may harm human and ecosystem health, impairs economic activities and limits 

development opportunities.  

 

Poor solid waste management in Ambo town, untreated and poorly treated sewage 

discharged from domestic sources, commercial centers and institutions in the town and 

agricultural (crop production and animal husbandry) land uses  all along the length of the 

river (Appendix 16) were the major environmental stressors that affected the water 

quality of Huluka River.  This is in agreement with reports from studies conducted in 

other rivers in the country (Dejene Hailu and Worku Legesse, 1997; Worku Legesse, 
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2000; Tamru Alemayehu, 2001). The authors reported that in Ethiopia many rivers and 

streams are heavily polluted as they flow through major cities and towns and the present 

study identified Huluka River as one among these. 
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Chapter 8 Conclusions and Recommendations 

8.1 Conclusions  

Huluka River water quality assessment based on physicochemical and biological 

approaches showed increased deterioration at downstream sites hence the the hypothesis 

that states that there is no spatial variation in the water quality of Huluka River is 

rejected. Livestock pressure, poor farming methods, destruction of riparian forest, the 

discharge of untreated or poorly treated sewage and poor solid waste management were 

the major environmental stressors responsible for the deterioration. The WSPs at AU was 

found to be one important point source of pollution to the river whose effluents can 

negatively affect downstream users and the ecosystem. The study provided the first 

inventory of epilithic diatoms and benthic macroinvertebrates at Huluka River and tested 

some indices in order to assess water quality. The results were promising and suggest that 

epilithic diatoms can even be applied for monitoring physically degraded and/or heavily 

polluted rivers and streams in the country as well as non point source pollutions in 

contrast to macroinvertebrates. Moreover, inclusion of reference sites might have greatly 

improved the power of the different metrics to differentiate between sites with varying 

levels of pollution. 

 

8.2 Recommendations 

• Attempts to improve water quality of the Huluka River should include regulation of 

point source loadings such as the AU WSPs and effective watershed management 

which includes riparian forest improvements to abate non-point source loadings. 
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• Reducing directly piped drainage connection using infiltration and retention as well as 

proper solid waste management might be a logical step in the mitigation of the impacts 

of Ambo town on Huluka River water quality. 

• A refined diatom based river water quality monitoring tool should be developed for 

rivers and streams around Ambo and other parts of the country for sound management 

decisions. 

• Bacteriological assessment of Huluka River water should be worked out as children, 

women and the poor were found to heavily depend on the river water for taking bath, 

swimming and washing at different sites including the polluted ones. 

• Responsible authorities should take urgent ameliorative measures to improve the water 

quality of Huluka River. 
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Appendices 

Appendix 1. Insitu measurements taken at the sampling sites along Huluka River during 

the study period.  

Temperatu
re (0C) S1 S2 S3 S4 S5 S6 S7 S8 S9 

Jun 21.2 20.4 18.5 20.3 22.2 21.3 21.3 19.8 20.5 
Jul  19.1 19.2 17.8 18.2 20 18.5 17.9 21.1 17.1 
Aug 16 15.6 19 19.4 19.3 19.2 18.5 18.1 18.3 
Oct 20.1 20.9 19.1 19.9 20.7 20 17.65 17.7 16 
Nov 17.2 17 15.1 17.9 21.3 21.7 20.2 20 19.5 
Dec 16.7 16.8 15.1 12.9 20.2 18.4 18.4 17.6 15.6 
pH 
Jun 5.75 6.37 6.35 6.24 6.03 6.19 6.2 6.13 6.47 
Jul  6.81 6.66 5.61 5.82 5.82 6.26 5.79 6.05 5.69 
Aug 6.56 7.25 6.44 6.44 6.39 6.66 5.69 6.47 6.76 
Oct 6.87 7.09 6.58 6.41 6.47 6.72 6.14 7.03 7.76 
Nov 5.85 6.3 6.39 6.45 6.04 5.41 4.99 5.79 6.69 
Dec 7 6.88 8.09 8.34 7.48 6.88 7.1 7.71 7.74 
DO (mg/L) 
Jun 4.69 4.92 5.93 6.15 6.05 5.6 6.88 6.53 7.08 
Jul  5.62 5.87 6.88 6.82 6.68 6.87 7.06 7.01 7.41 
Aug 6.23 7.01 6.76 7.02 7.01 6.86 7.12 6.83 7.68 
Oct 6.18 5.96 6.59 6.8 6.57 6.52 7.31 7.02 7.5 
Nov 4.39 4.8 7.55 7.66 6.23 5.58 6.73 6.69 6.63 
Dec 4.9 4.45 8.41 7.93 6.24 6.85 6.89 7.1 7.44 
Conductivity (µScm-1) 
Jun 347 310 234 236 238 336 342 379 342 

Jul  
120.

9 119 71.6 80.7 90.7 105.6 118 121.4 128.6 
Aug 82.8 88.8 113.6 113.4 114.5 126.5 127.7 128.9 128.4 

Oct 
152.

6 153.6 171.8 134.7 174.7 211 215 214 234 
Nov 259 262 219 215 231 344 320 326 324 
Dec 304 317 227 218 266 381 363 393 387 
Turbidity (NTU) 
Jun 400 450 180 190 200 370 300 300 280 
Jul  350 300 980 950 900 800 700 600 700 
Aug 400 320 400 450 370 450 450 400 450 
Oct 140 190 150 145 150 190 160 190 170 
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Nov 200 155 35 45 50 50 45 58 55 
Dec 350 300 38 30 58 48 10 20 25 
Altitude 
(m a.s.l.) 2818 2815 2186 2102 2080 2022 2001 2014 1947 

Latitude 

37P 
039132

8 
37P 

0391110 

37P 
037710

7 

37P 
03745

82 

37P 
03739

43 

37P 
03737

68 

37P 
03728

33 

37P 
03728

47 

37P 
03725

14 

Longitude 

UTM 
097562

5 
UTM09752

28 

UTM 
099032

9 

UTM 
09923

69 

UTM 
09928

86 

UTM 
09932

51 

UTM 
09942

61 

UTM 
09942

92 

UTM 
09945

68 
 

Appendix 2. Concentrations of nutrients (mg/L) and level of organic matter load (mg/L) 

determined at the sampling sites along Hulaka River during the study period.  

SRP S1 S2 S3 S4 S5 S6 S7 S8 S9 

Jun 
0.003 0.003 0.004 0.005 0.004 0.003 0.006 0.007 0.006 

Jul  
0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 

Aug 
0.003 0.002 0.002 0.003 0.002 0.003 0.003 0.003 0.002 

Oct 
0.002 0.002 0.002 0.002 0.002 0.003 0.004 0.003 0.003 

Nov 
0.002 0.002 0.002 0.002 0.002 0.003 0.003 0.005 0.005 

Dec 
0.002 0.002 0.002 0.002 0.002 0.003 0.003 0.005 0.006 

Nitrate-N 

Jun 
0.022 0.022 0.022 0.023 0.023 0.025 0.039 0.036 0.036 

Jul  
0.019 0.028 0.018 0.018 0.018 0.018 0.018 0.018 0.018 

Aug 
0.024 0.023 0.024 0.027 0.024 0.027 0.025 0.025 0.025 

Oct 
0.017 0.018 0.018 0.017 0.019 0.017 0.017 0.018 0.019 

Nov 
0.018 0.018 0.019 0.019 0.020 0.019 0.019 0.019 0.019 

Dec 
0.024 0.031 0.017 0.018 0.019 0.022 0.028 0.042 0.032 

NH3-N+NH4-N 

Jun 
0.082 0.055 0.060 0.062 0.047 0.059 0.064 0.066 0.057 

Jul  
0.091 0.078 0.092 0.103 0.114 0.103 0.120 0.071 0.109 

Aug 
0.058 0.038 0.050 0.064 0.044 0.057 0.041 0.043 0.042 
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Oct 
0.055 0.040 0.045 0.060 0.049 0.058 0.044 0.047 0.042 

Nov 
0.058 0.040 0.048 0.067 0.052 0.065 0.049 0.050 0.042 

Dec 
0.05 0.048 0.032 0.048 0.039 0.053 0.046 0.058 0.05 

Silica 

Jun 
0.328 0.321 0.381 0.290 0.355 0.418 0.376 0.327 0.381 

Jul  
0.372 0.427 0.440 0.436 0.443 0.428 0.449 0.459 0.479 

Aug 
0.239 0.254 0.319 0.403 0.257 0.395 0.369 0.350 0.258 

Oct 
0.185 0.199 0.203 0.217 0.248 0.275 0.232 0.217 0.215 

Nov 
0.199 0.208 0.204 0.224 0.230 0.266 0.213 0.208 0.204 

Dec 
0.368 0.375 0.467 0.473 0.458 0.479 0.499 0.281 0.445 

COD 

Jun 
42.91 41.68 9.27 11.78 26.42 73.58 96.33 128.77 67.46 

Jul  
35.56 61.31 7.05 8.04 58.52 95.04 122.02 141.02 95.04 

Aug 
17.79 20.86 6.81 7.44 20.72 29.44 74.42 125.71 76.65 

Oct 
26.35 33.73 12.68 46.86 38.81 45.98 104.25 101.16 70.52 

Nov 
20.86 24.52 8.09 21.6 20.72 25.75 73.81 82.75 55.19 

Dec 
16.56 19 14.77 9.57 18 36.79 85.86 110.38 64.37 

 
 
 
 
 
 
 



135 
 

Appendix 3. Calibration curves for the nutrients

 

 
 

 

Appendix 4. Concentrations of heavy metals determined at the sampling sites along 

Hulaka River during the study period.  

Cd (µg/L) S1 S2 S3 S4 S5 S6 S7 S8 S9 

Jun 0.021 0.020 0.020 0.014 0.023 0.040 0.017 0.067 0.040 
Jul  0.032 0.035 0.031 0.010 0.013 0.006 0.045 0.015 0.032 
Aug 0.029 0.020 0.036 0.032 0.045 0.047 0.053 0.029 0.045 
Oct 0.041 0.018 0.031 0.043 0.035 0.027 0.016 0.043 0.012 
Nov 0.033 0.009 0.018 0.038 0.042 0.012 0.050 0.025 0.033 
Dec 0.019 0.020 0.025 0.031 0.014 0.031 0.031 0.030 0.045 
Mn (mg/L) 
Jun 0.533 0.561 3.359 0.158 0.221 2.827 0.147 1.202 0.168 
Jul  0.896 1.307 0.045 0.098 3.750 2.754 1.766 0.151 0.834 
Aug 0.199 0.145 0.215 0.264 0.149 0.165 0.304 0.271 0.184 
Oct 0.254 0.237 0.116 0.095 0.081 0.113 0.120 0.095 0.103 
Nov 0.444 0.529 0.094 0.092 0.031 0.062 0.056 0.045 0.058 
Dec 0.435 0.485 0.103 0.058 0.071 0.103 0.106 0.108 0.180 
Co (mg/L) 
Jun 0.201 0.113 0.347 0.246 0.211 0.317 0.090 0.084 0.164 
Jul  0.187 0.581 0.357 0.299 0.672 0.356 0.315 0.307 0.249 
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Aug 0.291 0.096 0.244 0.204 0.243 0.346 0.148 0.226 0.221 
Oct 0.167 0.188 0.164 0.066 0.105 0.275 0.126 0.148 0.222 
Nov 0.280 0.275 0.169 0.481 0.194 0.145 0.072 0.100 0.154 
Dec 0.165 0.153 0.090 0.156 0.177 0.033 0.069 0.055 0.035 
Ni (mg/L) 
Jun 1.034 2.101 1.913 0.770 0.493 1.664 0.548 0.721 0.496 
Jul  0.591 0.392 0.593 0.950 0.778 1.045 0.796 0.801 0.717 
Aug 0.555 0.571 0.735 0.797 0.751 0.766 0.863 0.832 0.665 
Oct 0.601 1.137 1.234 0.933 0.875 0.627 0.781 1.151 0.774 
Nov 1.137 0.918 0.591 0.100 0.418 0.588 0.979 0.700 1.042 
Dec 1.030 0.685 0.872 0.733 0.885 0.854 0.814 0.463 0.213 
Zn (mg/L) 
Jun 0.494 0.661 0.674 0.554 0.237 0.659 0.274 0.668 0.240 
Jul  0.478 0.390 0.473 0.201 0.566 0.674 0.609 0.291 0.833 
Aug 0.649 0.240 0.412 0.665 0.692 0.746 0.765 0.419 0.523 
Oct 0.759 0.797 0.392 0.244 0.439 0.631 0.264 0.349 0.247 
Nov 0.352 0.327 0.342 0.237 0.372 0.348 0.231 0.176 0.246 
Dec 0.162 0.350 0.357 0.118 0.285 0.114 0.188 0.395 0.793 
Pb (µg/L) 
Jun 0.014 0.016 0.050 0.049 0.022 0.114 0.018 0.026 0.054 
Jul  0.033 0.022 0.018 0.015 0.088 0.077 0.038 0.042 0.047 
Aug 0.052 0.013 0.029 0.052 0.026 0.016 0.012 0.017 0.015 
Oct 0.008 0.010 0.008 0.033 0.045 0.049 0.037 0.006 0.022 
Nov 0.007 0.019 0.020 0.020 0.007 0.065 0.009 0.038 0.014 
Dec 0.008 0.051 0.089 0.045 0.077 0.070 0.075 0.050 0.019 
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Appendix 5. Calibration curves for the heavy metals 

   

y = 0.0001x - 0.0007 
R² = 0.9999 

-0.05 
0 

0.05 
0.1 

0.15 
0.2 

0.25 
0.3 

0.35 

0 1000 2000 3000 

A
bs

or
ba

nc
e 

Concentration (µg/L) 
a) Cadmium 

y = 0.035x + 0.0006 
R² = 0.9999 

0 
0.05 
0.1 

0.15 
0.2 

0.25 
0.3 

0 5 10 

A
bs

or
ba

nc
e 

Concentration (mg/L) b) Manganese 

y = 0.01x + 0.0009 
R² = 0.999 

0 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 

0 5 10 

A
bs

or
ba

nc
e 

Concentration (mg/L) c) Cobalt 

y = 0.0087x + 0.0013 
R² = 0.9995 

0 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0 5 10 

A
bs

or
ba

nc
e 

Concentration (mg/L) d) Nickel 

y = 0.1636x - 0.0011 
R² = 1 

-0.2 
0 

0.2 
0.4 
0.6 
0.8 

0 2 4 6 

A
bs

or
ba

nc
e 

Concentration (mg/L) 

e) Zinc 

y = 2E-05x + 0.0002 
R² = 0.9996 

0 
0.02 
0.04 
0.06 
0.08 
0.1 

0.12 
0.14 

0 5000 10000 

A
bs

or
ba

nc
e 

Concentration (µg/L) 
f) Lead 



138 
 

 

S/
N

 Habitat 

Parameter 
Se

as
on

 Sampling Sites 

S1 S2 S3 S4 S5 S6 S7 S8 S9 

1. Epifaunal 

substrate 

Wet S(15) S(15) S(13) M(6) S(13) S(14) M(6) M(6) S(13) 

Dry S(14) S(14) S(13) M(7) S(13) S(14) M(8) M(7) S(13) 

2. Embedde

dness 

Wet S(15) S(13) S(12) M(7) S(13) S(12) M(10) M(9) S(13) 

Dry O(16) S(14) S(13) M(10) S(15) S(13) S(12) M(10) S(15) 

3. velocity/ 

depth 

regime 

Wet M(8) M(8) M(7) M(7) M(8) M(7) M(7) M(8) M(8) 

Dry M(8) M(8) M(6) M(6) M(7) M(7) M(7) M(7) M(8) 

4. Sediment 

deposition 

Wet O(17) O(16) M(6) S(14) S(14) S(12) O(16) O(16) S(15) 

Dry O(17) O(17) M(8) S(15) S(15) O(16) O(17) O(17) O(16) 

5. Channel 

flow 

status 

Wet O(17) O(17) S(15) S(15) O(16) O(16) O(16) O(16) O(17) 

Dry S(15) S(14) S(13) S(12) S(15) S(15) S(12) S(13) S(15) 

6. Channel 

alteration 

Wet O(18) O(18) O(16) S(15) O(16) O(16) O(17) O(17) O(18) 

Dry O(18) O(18) O(16) S(15) O(16) O(16) O(17) O(17) O(18) 

7. Frequency 

of riffles 

Wet S(15) O(16) S(14) M(10) M(10) S(12) M(10) M(10) M(10) 

Dry s(15) O(16) S(14) M(10) M(10) S(12) M(10) M(10) M(10) 

8. Bank 

stability 

Wet S(14) S(14) S(12) S(14) O(16) S(12) O(18) O(18) O(18) 

Dry M(10) S(12) S(14) S(14) O(17) S(14) O(18) O(18) O(18) 

9. Vegetative 

protection 

Wet O(16) O(16) P(4) P(4) S(14) M(8) O(18) O(18) O(17) 

Dry M(10) S(11) P(2) P(3) S(12) M(6) O(18) O(18) O(17) 

10 Riparian 

vegetative 

Wet S(14) S(14) P(4) P(5) M(10) M(6) O(16) O(16) O(16) 

Dry M(8) M(10) P(2) P(3) M(8) M(6) O(16) O(16) S(15) 

Appendix 6. Qualitative habitat conditions category and scale values for sampling sites 

along Huluka River. 
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Note: O=optimum, S=Suboptimum, M= marginal, P=poor and a number in a bracket 

stands for the value for a site in weigh scale 

Appendix 7. Proportion of microhabitats and the corresponding number of sampling units 

considered at the sampling sites along Huluka River 

 
 
Microhabitat 

Microhabitats (%) and number of samples taken 

S1 S2 S3 S4 S5 S6 S7 S8 S9 

Megalithal    15(3) 10(2)  10(2) 25(5) 35(7)  

Macrolithal 45(9) 40(8) 40(8) 25(5) 55(11) 40(8) 35(7) 35(7) 50(10) 

Mesolithal 15(3) 20(4) 25(5) 20(4) 35(7) 25(5) 25(5) 20(4) 30(6) 

Microlithal 10(2) 10(2) 10(2) 30(6) 10(2) 10(2) 15(3) 10(2) 15(3) 

Psammopelal   15(3) 10(2) 15(3)   15(3)     5(1) 

Argyllal 20(4)                 

Emergent 

Macrophytes 10(2) 10(3)               

CPOM   5(1)         5(1) 5(1)   

NB: Numbers given in brackets indicate sampling units and about 5% of the mesolithal at 

S7 and S8 were found covered with CPOM during dry season reducing the number of 

sampling units taken from the microhabitat by 1. 

zone 

width 

Total Habitat 

Score (%) 

Wet 75 74 52 49 65 58 67 67 73 

Dry 66 67 51 48 64 60 68 67 73 
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Appendix 8. Diatom species identified from the samples collected during the study period 
. 

Achnanthes biasolettiana Grunow in Cleve & 

Grunow 1880, ABIA W* 

Achnanthes imperfecta Schmanski 1978, AIMP 

Achnanthes ingratiformis Lange-Bertalot 1989, 

AING 

Acnanthidium minutissimum (Kützing) 

Czarnecki, ADMI ** 

Achnanthes nitidiformis Lange-Bertalot, ANIT 

Achnanthes pennsylvanica Pertick, APEN 

Achnanthes ploenensis Hustedt, APLO 

Achnanthes ricula Hohn & Hellerman, ARIC, 

W* 

Achnanthes stolida Krasske, ASTO 

Achnanthes taeniata Grunow, ATAE 

Amphora normannii Rabenhorst, ANOR 

Amphora dusenii Brun, Gurtelseite, ADUS W* 

Amphora montana Krasske, AMMO 

Amphora pediculus (Kützing) Grunow, APED 

Caloneis molaris (Grunow) Krammer, CMOL 

Cocconeis placentula Ehrenberg, CPLA D* 

Cyclotella distinguenda Hustedt, CDIS 

Cyclotella meneghiniana Kutzing, CMEN 

Cymbella silesiaca Bleisch ex Rabenh, CSLE  

Denticula elegans Kutzing, DELE 

Denticula eximia Krammer & Lange-Bertalot, 

DEXI 

Denticula kuetzingii GrunowDKUE 

Denticula tenuis Kutzing, DTEN 

Denticula thermalis Kützing, DTHE 

Diploneis maulerii (Brun) Cleve, DMAU 

Diploneis smithii (Breb. ex W. Sm.) Cleve, 

DSMI  

Fragilaria biceps (Kützing) Lange-Bertalot, 

FBIC 

Fragilaria capucina Desmazieres, FCAP 

Fragilaria nitzschioides Grunow, FNIT 

Frustulia vulgaris (Thwaites) DeToni, FVUL 

Gomphonema affine Kützing, GAFF 

Gomphonema amoenum Lange-Bertalot, GAMO 

Gomphonema angustum Agardh, GANT W* 

Gomphonema angustatum (Kutzing) Rabenhorst, 

GANG ** 

Gomphonema augur Ehernberg, GAUG 

Gomphonema clevei Fricke sensu Hustedt,GCLE 

Gomphonema gracile Ehrenberg, GGRA 

Gomphonema grovei M. Schmidt, GGRO  

Gomphonema insigne Gregory, GINS  

Gomphonema micropus Kützing, GMIC 

Gomphonema minutum Lange-Bertalot & 

Reichardt, GMIN ** 

Gomphonema olivaceum (Hornman) Brebisson, 

GOLI  

Gomphonema parvulum (Kützing)  

Kutzing, GPAR ** 
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Gomphonema pseudoaugur Lange-Bertalot, 

GPSE 

Gomphonema pseudotenellum Lange-Bertalot, 

GOPS D* 

Gomphonema pumilum (Grunow) Reichardt & 

Lange-Bertalot, GPUM D* 

Gomphonema rhombicum Fricke, GRHO ** 

Gomphonema staurdeiform, GSTA  

Gomphonema stauroneiforme Grunow, GOST 

W* 

Gomphonema tergestinum (Grunow) Fricke, 

GTER 

Gyrosigma scalproides, GSCA 

Hantizschia amphyoxys (Ehrenberg) Grunow, 

HAMP  

Mastogloia braunii Grunow, MBRA 

Navicula angusta Grunow, NAAN 

Navicula bremensis Hustedt, NBRE 

Navicula bryophila Petersen, NBRY 

Navicula concentrica Carter, NCCT 

Navicula contenta Grunow ex Van Heurck, 

NCON  

Navicula cryptocephala Kutzing, NCRY 

Navicula cryptofallax Lange-Bertalot & 

Hufmann, NACR 

Navicula crptotenella Lange-Bertalot, NCTE 

Navicula digitoradiata (Gregory) Ralfs, NDIG 

Navicula elginensis (W. Gregory) Ralfs, NELG  

Navicula fracta Hustedt, NFRA 

Navicula halophila (Grunow) Cleve, NHAL 

Navicula incertata Lange-Bertalot, NINC 

Navicula jaagii Meister, NJAA W* 

Navicula kotschi Grunow, NKOT 

Navicula leptostriata Jorgensen, NLLEP 

Navicula menisculus Schumann, NMEN  

Navicula pupula, NPUP 

Navicula praeterita Hustedt, NPRA 

Navicula protracta (Grunow) Cleve, NPRO 

Navicula rhynchocephala Kützing, NRHY 

Navicula schroeterii Meister, NSHR W* 

Navicula subrhynchocephala Hustedt, NSUB 

Navicula trivialis Lange-Bertalot, NTRV 

Navicula viridula (kutzing) Cleve, NVRO D* 

Nitzschia acidoclinta Lange-Bertalot, NACI 

Nitzschia alpine Hustedt, NALP 

Nitzschia amphibia Grunow, NAMP ** 

Nitzschia angustatula Lange-Bertalot, NANG 

Nitzschia calida Grunow, NCAL 

Nitzschia clausii Hantzsch, NCLA 

Nitzschia constricta (Kützing) Ralfs, NZCO 

Nitzschia dissipata (Kützing) Rabenhorst, NDIS 

Nitzschia diversa Hustedt, NDIV 

Nitzschia filiformis (W. Smith) Van Heurck, 

NFIL 

Nitzschia frustulum (Kützing) Grunow, NIFR 

W* 
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Nitzschia hantzschiana Rabenhorst, NHAN 

Nitzschia harderi Hustedt, NHAR 

Nitzschia inconspicua Grunow, NINC 

Nitzschia liebetruthii Rabenhorst NLBT D* 

Nitzschia linearis (Agardh) Smith, NLIN 

Nitzschia monachorum Lange-Bertalot, NMON 

Nitzschia nana Grunow, NNAN 

Nitzschia palea (Kützing) Smith, NPAL W* 

Nitzschia paleacea Grunow, NPAE 

Nitzschia paleaeformis Hustedt, NIPF 

Nitzschia pura Hustedt, NIPR                    

Nitzschia recta Hantzsch, NREC 

Nitzschia scalpelliformis Grunow, NSCA 

Nitzschia sigmoidea (Nitzsch) W. Smith, NSIO 

Nitzschia subtilioides Hustedt, NISU 

Nitzschia thermaloids Hustedt, NTHE 

Nitzschia umbonata (Ehrenberg) Lange-Bertalot, 

NUMB 

Nitzschia valdecostata Lange-Bertalot & 

Simonsen, NVAL 

Nitzschia wuellerstorffii Lange-Bertalot, NWUE 

Pinnularia appendiculata (Agardh) Cleve, PAPP 

Pinnularia brandelii Cleve, PBRA 

Pinnularia interrupta W. Smith, PINT 

Pinnularia lagerstedtii (Cleve) Cleve-Euler, 

PLAG 

Pinnularia microstauron (Ehrenberg) Cleve, 

PMIC D* 

Rhoicosphenia abbreviate, RABB 

Rhopalodia gibba (Ehrenberg) Otto Müller, 

RGMI  

Surirella angusta Kützing, SANG 

Syndra ulna (Nitzsch) Lange-B., SULN  

**

 

Note: The four capital letters given next to species names are codes and  the **, W* and D* 

indicate species identified with abundance >5% at least at one of the sampling sites during 

both, wet and dry season(s), respectively. The abundances of those species listed without * 

fell below 5%. 
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Appendix 9. Interpretation of proportion of counts composed of taxa tolerant to organic 

pollution at the sampling sites (Kelly and Whitton, 1995). 

Proportion of count Interpretation 

<20% total valves belonging to tolerant taxa Free of significantly organic pollution 

21-40% total valves belonging to tolerant taxa Some evidence of organic pollution 

41-60% total valves belonging to tolerant taxa Organic pollution likely to contribute 

significantly to eutrophication of site 

>61% total valves belonging to tolerant taxa heavy organic pollution at the site 

 

Appendix 10. Saprobiological Water Quality Classification according to Barinova and 

Krassilov (2012) 

 

 

Saprobic degree Saprobity Index Water quality 

xenosaprobic <0.5 High 

oligosaprobic 0.5-1.5 Good 

β-mesosaprobic 1.5-2.5 Moderate 

α-mesosaprobic 2.5-3.5 Poor 

polysaprobic 3.5-4.0 Bad 
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Appendix 11. Spatial and temporal trends in the composition and relative abundance of 

benthic macroinvertebrates collected from the sampling sites along Huluka River 

 

Family 

Taxa 

Code 

Se
as

on
 Sampling Site 

S1 S2 S3 S4 S5 S6 S7 S8 S9 

Caenidae 

 

Caen wet 43 18 1 0 1 1 0 0 2 

dry 77 676 8 11 2 2 4 0 22 

Baetidae 

 

Baet 

 

wet 4 1 0 0 2 5 0 0 0 

dry 9 67 87 240 158 128 170 75 51 

Hydropsychidae 

 

Hydr 

 

wet 6 0 9 0 3 62 0 0 0 

dry 4 112 164 62 45 107 0 0 0 

Chironomidae 

L. 

Chir 

 

wet 77 53 0 0 0 1 0 0 1 

dry 20 87 2 13 7 24 408 121 12 

Simuliidae 

 

Simu 

 

wet 53 0 0 0 0 0 0 0 0 

dry 1 45 5 0 0 15 153 234 26 

Empididae 

 

Empi 

 

wet 0 0 0 0 0 0 0 0 0 

dry 0 0 0 0 0 2 2 5 0 

Tipulidae 

 

Tipu 

 

wet 0 0 4 0 0 0 0 0 0 

dry 0 0 0 0 0 0 0 0 0 

Corixidae 

 

Cori 

 

wet 12 4 0 0 0 0 0 0 0 

dry 7 6 0 0 0 0 0 0 0 

Naucoridae 

 

Nauc 

 

wet 0 3 0 0 0 0 0 0 0 

dry 0 0 0 0 0 0 0 0 0 

Gerridae 

 

Gerr 

 

wet 3 0 0 0 0 0 0 0 0 

dry 0 2 0 0 0 0 0 0 0 

Notonectidae 

 

Noto 

 

wet 3 1 0 0 0 0 0 0 0 

dry 0 0 0 0 0 0 0 0 0 

Gyrinidae 

 

Gyri 

 

wet 8 6 0 0 0 0 0 0 0 

dry 4 6 0 0 0 0 0 0 0 

Dytiscidae 

 

Dyti 

 

wet 0 0 0 0 0 0 0 0 0 

dry 0 1 0 0 0 0 0 0 0 

Elmidae 

 

Elmi 

 

wet 0 0 0 0 0 0 0 0 0 

dry 0 1 0 0 0 0 0 0 0 

Hydrophilidae 

 

Hydr 

 

wet 0 0 0 0 0 0 0 0 0 

dry 0 0 0 1 0 0 0 0 0 

Psephenidae Psep wet 1 0 0 0 0 0 0 0 0 
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  dry 0 0 0 0 0 0 0 0 0 

Coenagrionidae 

 

Coen 

 

wet 5 10 0 0 0 0 0 0 0 

dry 3 16 0 0 0 0 0 0 0 

Gomphidae 

 

Gamp 

 

wet 0 0 0 0 0 0 0 0 0 

dry 0 0 1 1 1 1 0 0 0 

Oligochaete 

 

Olig 

 

wet 0 2 1 0 0 0 0 0 0 

dry 13 8 0 1 0 0 0 0 0 

Hirudinae 

 

Hiru 

 

wet 1 0 0 0 0 26 0 0 21 

dry 0 0 0 0 0 0 0 0 0 

Sphaeriidae 

 

Spha 

 

wet 15 3 0 0 0 1 0 0 1 

dry 0 1 0 0 0 0 0 0 0 

Physidae 

 

Phys 

 

wet 0 1 0 0 0 0 0 0 0 

dry 0 0 0 0 0 0 0 0 0 

 

Appendix 12. Evaluation of water quality using the macroinvertebrates FBI (Hilsenhoff, 

1988) 

FBI Water Quality Degree of Organic Pollution 

0.00-3.75 Excellent Organic pollution unlikely 

3.76-4.25 Very good Possible slight organic pollution 

4.26-5.00 Good Some organic pollution probable 

5.01-5.75 Fair Fairly substantial pollution likely 

5.76-6.50 Fairly poor Substantial pollution likely 

6.51-7.25 Poor Very substantial pollution likely 

7.26-10.00 Very poor Severe organic pollution likely 
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Appendix 13. Suggested ETHbios threshold values (Source: Aschalew Lakew and Moog, 2015b) 

ETHbios score ASPT-ETHbios Interpretation 

>115 >6.5 High water quality; low level of 

degradation 

65–114 5.01–6.4 Good water quality; slight ecological 

degradation 

45–64 4–5 Moderate water quality; significant 

ecological disturbance 

12–44 2.4–3.99 Poor water quality; major degradation 

<12 <2.4 Bad water quality; heavily degraded 

 

Appendix 14. Summary of CCA results for samples of epilithic diatoms taxa and 

environmental variables at Huluka River 

Axes 1 2 3 4 Total Inertia 

Eigenvalues Wet 0.246 0.143 0.128 0.078 0.743 

Dry 0.355 0.237 0.113 0.071 0.911 

Species-environment correlations Wet 1.000 1.000 1.000 1.000  

Dry 1.000 1.000 1.000 1.000  

Cumulative percentage variance of 

Species 

Wet 33.1 52.3 69.5 80.1  

Dry 39.0 65.0 77.4 85.2  

Cumulative percentage variance of 

Species-environment relation 

Wet 33.1 52.3 69.5 80.1  

Dry 39.0 65.0 77.4 85.2  

Sum of all eigenvalues Wet     0.743 
Dry     0.911 

Sum of all canonical eigenvalues Wet     0.743 
Dry     0.911 
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Appendix 15. Summary of CCA results for samples of benthic macroinvertebrates taxa 

and environmental variables at Huluka River 

Axes 1 2 3 4 Total Inertia 

Eigenvalues Wet 0.454 0.270 0.135 0.064 0.937 

Dry 0.292 0.180 0.032 0.023 0.540 

Taxa-environment correlations Wet 1.000 1.000 1.000 1.000  

Dry 1.000 1.000 1.000 1.000  

Cumulative percentage variance of 

taxa 

Wet 48.4 77.3 91.7 98.5  

Dry 54.1 87.4 93.3 97.6  

Cumulative percentage variance of 

taxa-environment relation: 

Wet 48.4 77.3 91.7 98.5  

Dry 54.1 87.4 93.3 97.6  

Sum of all eigenvalues Wet     0.937 
Dry     0.540 

Sum of all canonical eigenvalues Wet     0.937 
Dry     0.540 

Appendix 16. Photo showing anthropogenic activites within the catchments of Huluka 

River with a potential influence on its water quality  
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Appendix 17. Photos showing reliance on Huluka River water 
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GLOSSARY 

Water quality is a term used to express the suitability of water to sustain various uses or 

processes (Chapman, 1996). 

Monitoring is defined by the International Organization for Standardization (ISO) as 

“the programmed process of sampling, measurement and subsequent recording or 

signaling, or both, of various water characteristics, often with the aim of assessing 

conformity to specified objectives” (Chapman, 1996). 

Water quality monitoring is the process needed to verify whether the observed water 

quality is suitable for intended uses, to determine trends in the quality of the aquatic 

environment and how the environment is affected by the release of contaminants, by 

other human activities, and/or by waste treatment operations (Chapman, 1996). 

Biomonitoring is the use of biological responses of populations and communities of 

certain indicator organisms to evaluate mainly anthropogenic environmental changes 

(Bae et al., 2005). 

A bioindicator is “an organism (or part of an organism or a community of organisms) 

that contains information on the quality of the environment (or a part of the 

environment)” (Markert et al., 1999). 

Diatoms are a group of predominantly unicellular and photosynthetic algae with size 

range commonly between 20-200 microns in diameter or length which have a siliceous 

skeleton (frustule). 

Frustule is the collective term for the siliceous components of a diatom cell.  
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Valve is a structural component of the diatom frustule. Two valves fit together (like the 

two valves of a date box or petridish) to form (along with associated girdle bands) a 

frustule. Each valve has two surfaces, the face and the mantle (side part of a valve). 

Raphe is a longitudinal slit or furrow found in many pinnate diatoms, through which 

mucus, for support or motility, is extruded. It is divided into two parts, arranged end to 

end with a gap at the center.  

Puncta is a general term for pore/perforation through valve when substructure (i.e. sieve 

membrane) is unknown or lacking. 

Refractive index - The ratio of the speed of light in a vacuum to the speed of light in a 

medium under consideration. 

Macroinvertebrates are invertebrates which are visible to the naked eye (larger than 0.5 

mm) but smaller than 50mm. 

A metric is a characteristic of the biota that changes in some predictable way with 

increased human influence (Barbour et al., 1999). 

Eigenvalues are values that represent the amount of the original variance explained by 

each of new derived variables (Quinn and Keough, 2002). 

Dendrogram is a tree-like branching diagram showing relationships between data points 

(Shaw, 2003) 
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