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Abstract 

Fish and fish parasites are not well studied as bioindicators for assessing the health of streams 

and rivers in Ethiopia. Previous studies mainly focused on the diversity, abundance and 

description of major parasites in fish. Therefore, the present study aimed at evaluating the 

suitability of fish and fish parasite metrics on the ecological health assessment of streams of upper 

River Awash. Five sampling sites were selected based on major stressors (like agricultural 

activities, damming, and water diversion), accessibility for sampling and presence of fish. 

Environmental variables were collected and analyzed in-situ and ex-situ. Fish were collected from 

all sampling sites using electrofishing. Around 2242 fish specimens were collected across all 

sampling sites. 9 fish and fish parasite single metrics were selected and calculated based on the 

available data. Water Velocity, depth, total phosphorous, and nitrate showed significant variation 

among sampling sites (P<0.05) Fish abundance was highest (44166 individuals /ha) in Ginchi site 

and lowest (8000 individuals/ha) in Teji. Cyprinidae was the most diversified family from which 

Garra was the abundant genus in all sampling sites indicating the resistibility of the species within 

this genus. Parasite prevalence and intensity were highest in nutrient rich site, Ginchi while the 

lowest was recorded in dam effluent receiving site, Legedadi below the dam. The multivariate 

analyses indicated that the anthropogenic impacts responsible for shifts in fish and fish parasite 

community structures were related to hydrological alterations and water. 4 metrics including total 

number of individuals /ha, Shannon diversity index, parasite prevalence and parasite intensity 

were considered as important metrics used to indicate the ecological status of rivers/streams in 

upper River Awash. Hydrological characteristics have an effect on fish distribution at mesohabitat 

level in which most fish were aggregated in riffle habitat with high water velocity. Small-sized fish 

were abundant in pool habitat whereas larger-sized fish were abundant in riffle habitat. Based on 

the present study streams in the upper Awash River are highly degraded due to different stressors 

including water diversion for irrigation farming, waste water released from dam and agricultural 

practices around the streams catchment. Therefore, considering the increasing interest in dams 

and irrigation practices in Ethiopia every developmental activity should be done in a manner that 

maintain the integrity of streams in upper River Awash.  

 

Key words: Bio-monitoring; fish diversity; fish parasites; hydro-morphology; River Awash 
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CHAPTER ONE 

1. Background of the study 

Streams and rivers that provide a variety of benefits to humans are subjected to a variety of 

anthropogenic activities that have a negative impact on these freshwater bodies (Rodell et al., 

2018; Du Plessis, 2019). Ethiopia is no exception in this regard, with the country's aquatic 

resources suffering as a result of increased land degradation, urban sanitation, and industrial and 

chemical pollution in general (Zinabu Gebremariam and Zerihun Desta, 2002). River Awash, one 

of the country's most important rivers, is particularly vulnerable to human impact. Some of the 

significant challenges are waste released from factories, organic sediment from domestic and 

industrial wastes, land degradation, water resource depletion, rapid population growth, and 

urbanization (Aschalew Lakew, 2014). On the other hand River Awash is experiencing high water 

stress during the peak of irrigation season (April to June) and flooding during the rainy season 

(July to September) (ARBA, 2017). This hydrological alteration in the river affects the fish 

community structure by affecting important requirements of fish. 

Different hydro-morphological factors are responsible for the structure of fish assemblage along 

the river gradient. Various studies have found changes in fish assemblages, including changes in 

relative abundance and loss of native and sensitive species, as a result of man-made flow regime 

disruption (e.g. Magalhes et al., 2007). Fish diversity is also influenced by morphological changes 

including parameters such as stream width, depth and discharge. Sedimentation affects fish 

assemblage by changing the properties of fish habitats and rendering them unsuitable for fish that 

require specific substrate compositions for reproduction (Osmundson et al., 2002). Dam 

construction is another factor contributing the distribution of fish in rivers which may blocks fish 

pathway and cause the isolation of formerly existed populations, modify local habitat conditions 

and alter richness, and abundance of fish assemblages (Hitchman et al., 2018). Agricultural activity 

around the lotic environment contributes to differences in fish distribution and abundance by 

dumping significant volumes of agrochemicals, organic debris, drug residue, sediments, and salt 

into water bodies (Baran et al., 2015). 
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Rivers and streams especially in developing countries that are exposed to different anthropogenic 

stressors should be monitored. The purpose of monitoring aquatic ecosystem health is to identify 

physicochemical and biological changes arising from anthropogenic impacts (Plafkin et al., 1989). 

This information is critical for managers and policymakers to make informed decisions to improve 

the environment and, as a result, human health. The traditional approach, which involves the use 

of physical-chemical characteristics alone, is the most popular method in Ethiopia in this regard. 

However, this method may not be sufficient to fully analyze the impact of human activities on 

freshwaters. As a result, other techniques such as biotic integrity indices are needed as a 

complement to established methodologies. Biological monitoring is the systematic use of the 

responses of living organisms to stressors to determine the overall health of the environment. There 

are several alternations for indicators of bio-monitoring in streams and rivers in which, 

periphytons, benthic invertebrates and fishes (Keke et al., 2017) are the most frequently utilized 

in general and benthic macroinvertebrates are the most used groups in Ethiopia (e.g. Aschalew 

Lakew, 2014; Getachew Beneberu et al., 2014; Aschalew Lakew and Moog, 2015; Amare 

Mezgebu, 2017). Some of the studies also focused on the use of more than one indicator groups 

like benthic and fecal indicator bacteria (Geda Kebede et al., 2020) and fish and 

macroinvertebrates (Gernot et al., 2020) in monitoring of rivers and streams in Ethiopia. Aside 

from a few studies, information on the use of fish as a bio-indicator is scarce in Ethiopia (e.g. 

Alemayehu Wubie et al., 2017; Bacha Temesgen, 2018; Gernot et al., 2020). But the focus of these 

studies was on the distribution, diversity and abundance of fish along the rivers studied e. In 

addition, distribution of fish parasites in different water bodies in Ethiopia has been documented 

(Gebawo, Tibesso, 2015; Marshet Adugna et al, 2018). But the focus of these studies was not from 

biomonitoring point of view rather than describing diversity and abundance of parasites in different 

fish species. However, some studies give insight on the pollution indicator of parasites with 

intensive human activities (Koftu Lake) was experienced higher prevalence of some fish parasite 

(Tylodelphys sp.) than regularly monitored aquaculture ponds (Marshet Adugna et al., 2018). 

 

Freshwater fish are used for assessing the health status of rivers and streams. But comparison 

between fish and fish parasites for ecological health assessment is virtually unexplored. However, 

using fish and fish parasites as indicator has advantage over other biomonitoring groups. For 

instance, the identification of fish is relatively easy and they are at the top of the aquatic food web 
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and are consumed by humans, which makes them important for assessing contamination. Due to 

their relatively long life cycle and mobility, they can be good indicators of long-term (several 

years) effects and broad habitat conditions (Gamito et al., 2012). In addition, some characteristics 

of parasites make them more advantageous in that the parasites are easy to collect and can be easily 

recognized. They can to accumulate certain pollutants at levels higher than that of their ambient 

environment. Their taxonomic attributes and life-history are very familiar. Furthermore, parasites 

of high-level predators are regarded as high-level consumers; they inevitably represent ideal 

indicators of trophic level accumulation (Vidal-Martínez and Wunderlich, 2017). Therefore, in 

country like Ethiopia with diversified fish species using fish and its parasites as biomonitoring tool 

will contribute to the development and improvement of bimonitoring in the future. Therefore, the 

present study was the first attempt conducted to assess the ecological health of selected streams in 

upper Awash River based on response of fish and fish parasite community structure to changes in 

hydro-morphological and physico-chemical variables 

1.1.Statement of the problem 

Awash River is among the most important rivers in Ethiopia that support social and economic 

development of the country. However, the ecological health of the river is deteriorating due to 

anthropogenic activities. Some findings showed that land degradation, water resource depletion, the 

rapid growth of population and urbanization are some of the challenges reported in the River Awash 

(Desalegn Chemeda et al., 2009). In addition, its tributary rivers like Akaki (Solomon Akalu et al., 

2011); Kebena (Baye Sitotaw, 2006) and streams and rivers around Sebeta (Amare Mezgebu, 2017) 

are highly affected by waste released from industries established alongside the rivers which flow into 

River Awash. Assessing physical and chemical characteristics of rivers is the most commonly used 

monitoring method in Ethiopia. But this traditional method alone cannot address the overall status 

of riverine ecosystem (Barbour et al., 2000). Biomonitoring approach is advanced in this regard 

and can be easier to measure for long-term exposure. Some studies conducted in Ethiopia showed 

the effectiveness of biomonitoring in ecological health assessment (e.g., Aschalew Lakew, 2014; 

Aschalew Lakew and Moog, 2015; Geda Kebede et al., 2020; Gernot et al., 2020). In River Awash 

very few studies have been conducted on the use of fish as bioindicator (e.g. Gernot et al., 2020). 

Information on the use of fish and fish parasites as a bio-indicator is limited. Using fish and fish 

parasite metrics for ecological assessment is important for the overall ecosystem management. The 

present study is the first attempt to provide insight on the use of fish and fish parasites as bioindicators 
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and association of fish and fish parasite community structure with environmental parameters in upper 

River Awash. 

1.2.Research questions 

❖ Do fish metrics and fish parasite could indicate environmental stressors in upper River 

Awash? 

❖ Do fish community structure and metrics vary depending on the change in environmental 

variables to show river degradation in upper River Awash? 

❖  What is the relationship between the prevalence of fish parasites and environmental 

variables in upper River Awash? 

1.3.General objective 

The general objective of the study was to examine the use of fish metrics and fish parasites   as 

bioindicator organisms to monitor health status of rivers along the upper River Awash for 

sustainable river ecosystem management. 

1.4.Specific objectives 

❖ To evaluate the suitability of fish and fish parasite based biotic indices/metrics for assessing 

the overall ecological health of rivers in the upper River Awash. 

❖ To evaluate fish community structures in relation to environmental variables and hydro-

morphological parameters. 

❖ To examine the effect of environmental variables on prevalence of fish parasites and 

condition of fish in upper River Awash. 

1.5.Significance of the study 

The River Awash provides various uses and functions as it flows along the major channel. These 

include use for human drinking, irrigation for crops, domestic and industrial use and fish 

production for local and commercial purposes. The present study will generate baseline scientific 

information on the status of River Awash based on the response of fish and fish parasite metrics. 

The study also provides initial for the development of riverine fish index for Ethiopian rivers to 

develop bio-monitoring method in the future. It also encourages research and academic institutions 

to conduct additional studies on the use of fish and fish parasite metrics in Ethiopian conditions. 
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1.6.Limitations of the study 

The present study addressed the status of riverine fish communities along upper River Awash by 

examining the diversity and parasite prevalence. It is obvious that the water quality and quantity 

differentially affect fish survival and, consequently, modify species richness and abundance. The 

chemical composition of the water in the rivers varies strongly depending on season even time of 

day. However, the present study was restricted to few sampling months (May, June and October) 

considering pre, during and post rainy seasons but still that is not adequate to represent each season 

and show the dynamics throughout the year. Due to difficulty to dissect the small indigenous fish 

species (Garra) for parasitological examination, only ecto-parasites are considered for the present 

study. In addition, habitat quality was not assessed in the present study which was important aspect 

in determining the distribution of fish in rivers and streams. 
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CHAPTER TWO 

2. Literature review 

2.1. Different factors affecting  fish distribution in rivers and streams 

2.1.1. Agriculture 

Agricultural practices have altered stream ecosystems by changing channel morphology, 

hydrological regime, and riparian vegetation composition and abundance (Schleiger, 2000). 

Agriculture contributes sediment to streams, which can either be suspended and cause turbid water, 

or it can settle to the stream bottom. This phenomenon has an impact on stream bottom habitat, 

which in turn has an impact on the structure of fish assemblages. Changes in stream structure and 

function as a result of land use practices such as agriculture frequently result in decreased fish 

diversity, a less complex size structure of fish populations, a higher relative abundance of 

herbivorous or detritivores fish, or greater temporal variability in fish abundance (Schlosser, 1991). 

Conversion of native vegetation to row crops and urban areas has a negative impact on bottom 

habitat by reducing stream flows and woody debris, while raising sediment concentrations, water 

temperature, and changing the composition and form of stream substrates and channels. 

Agricultural practices that produce deforestation may create changes in stream channel structure 

and energy sources. 

2.1.2. Dam construction 

There is an increasing interest in irrigated lands in Ethiopia (McCartney et al., 2010) in which 

extraction of this resource has typically involved damming rivers and creating large reservoirs, 

with high possibility of environmental consequence unless suitable monitoring strategy is 

established. The diversion of water flow caused by dam building can change the physical 

environment, affecting organisms, ecological services, and habitat connectivity. Whether species 

migrate across lakes and rivers or merely inside the river, dams affect upstream and downstream 

movement of fish by blocking access to spawning or feeding areas and jeopardizing life-cycle 

completion (Gauld et al., 2013). Dam construction, as a result, leads to the loss of species by 

impeding fish migration along the stream continuum during particular stages of their life cycle. 

Dams transform large rivers into storage reservoirs, changing at least part of the ecosystem from 

a lotic to a lentic one. Dam also affect the diversity of habitats in a given water body. Thus, the 

modification of the quality, diversity, distribution and access of some key habitats detrimentally 
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affect some native fish species and favor others. Dams can affect species assemblage structure, 

richness, and abundance, which is especially true for stream fishes that need a variety of 

environments for reproduction, growth, and survival (Cooper et al., 2016). Dams are also 

associated to increased upstream and downstream migratory fish predation, with fish being delayed 

and crowded due to the dam's existence, and the habitat being more suitable to particular predatory 

species. 

 

2.1.3. Water abstraction 

Humans require water for most aspects of our lives: for growing food, raising animals, drinking, 

eating, manufacturing and washing. As a result, the demand for surface and groundwater 

abstraction is increasing every year. According to a study conducted by Mercia et al. (2017), in an 

area where there was extensive water diversion, a decrease in specific fish species and abundance 

was detected. Excessive abstraction limits the amount of water available for human use 

downstream and reduces streams' ability to support native biota. Previous research has shown that 

water abstraction has noticeable effects on hydrology, temperature regime, and fish assemblages 

(Bae et al., 2016). Furthermore, river abstractions and diversions alter natural flow patterns and 

induce discharge oscillations, resulting in changes in physical habitat and influence fish population 

structure  

2.2. Effect of hydro-morphological alteration on fish assemblages 

Hydrologic change poses a significant threat to freshwater biota, particularly fish, in numerous 

river courses across the world. Various man-made factors influence the hydrological and 

morphological characteristics of rivers and streams. These include the separation of flood plains 

from active river channels, dams to regulate water flow, water diversions and abstractions, and 

morphological changes to landscapes such as straightening and channelization. These constraints 

have a significant impact on aquatic organisms such as fish (Dustin and Vondracek, 2017) by 

reducing population distribution or restricting populations to reaches with adequate connection to 

habitats necessary to complete species' life-cycles.  

 

According to Labbe and Fausch, (2000) water abstraction motives a change in river flow which 

controls habitat connectivity as a consequence influencing fish species distribution. In other 

studies, disruption of connections and irregular flow patterns have been identified as causes that 
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create changes in river morphology (Wiatkowski, 2011). Similarly, changes in stream flow or 

discharge cause changes in water velocity and depth. This variation in discharge, in turn, varies 

the substrate type and cover items associated with a range of depth and velocity classes, resulting 

in changes in fish community structure. Flooding, on the other hand, is expected to boost the 

population of fish in smaller upstream rivers through increased connectedness, and as a result, 

individuals will disperse from the more permanent downstream stretches (Franssen et al., 2006). 

 

Generally hydro-morphological changes affect the functions of rivers in many ways: reducing the 

structural complexity and heterogeneity of coastal habitats; changing the natural state of water 

levels, thereby affecting the physical structure, macrophyte cover, and food web in coastal areas 

by changing water circulation and stratification patterns. All these factors affect the distribution of 

fish in a given water bodies.  

2.3.Other factors affecting fish assemblage in water bodies 

Many factors affect the structure, composition, distribution, and functioning of ecological 

assemblages of fish mainly primary production, habitat use, resource limitation, interspecific 

interactions, climate, morphometric variables, and zoogeographical factors (Olden et al., 2010). 

Other anthropogenic activities like urbanization also have significant contribution in the 

distribution of fish in river and streams.  

Both biotic and abiotic processes that function across various scales of space and time affect the 

distribution and diversity of fish (Galactos et al., 2004). Stream fishes are closely associated with 

physical habitat attributes at a range of spatial scales (Webb et al., 2011). Various studies have 

identified variations in water level and velocity as critical factors influencing fish habitat 

utilization, with physical qualities such as substrate composition, submerged plants, wood and root 

masses also playing a role. The presence or absence of specific fish species in streams and rivers 

is influenced by the chemical qualities of the water as well as the physical aspects of the stream 

channel. 

 

Abiotic factors mainly include the types of river morphology, physical factors (temperature, depth, 

topography, water current and physical barrier) and chemical properties of water (Leveque et al., 

2008) influence fish diversity and abundance. High temperature may produce high physiological 

demands and stress while also reducing the oxygen saturation levels of water. So, the combination 
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of increased metabolic demand and decreased oxygen availability can result limiting growth or 

can become lethal. Changes in the landscape have a significant impact on species distribution in 

urban streams (Cunico et al., 2012). Surface runoff has increased as a result of soil sealing as cities 

have grown via construction and deforestation (Paul and Meyer, 2001). The chemical makeup of 

river water varies greatly depending on the season, time of day, location, and depth. One of the 

most significant chemical elements influencing fish community composition is oxygen level in the 

river. 

 

On the other hand, habitat diversity impacts the structure and composition of stream fish 

populations, since more diverse habitat conditions support a wider range of species and age classes 

than simple ecosystems. The degree and quantity of biotic interaction have a significant impact on 

population distribution across environments. As a result, habitat availability, features, and 

appropriateness are regarded as important variables in determining the physiology, development, 

local abundance, and structure of species assemblages (Leahy, 2016). 

2.4.Major stressors in Ethiopian rivers and streams 

 

In Ethiopia untreated sewage is commonly discharged into water bodies leading to health and 

economic risks, as well as environmental deterioration and disturbance of ecological integrity in 

rivers and streams. The pollution of water bodies and human habitat in the country's major cities, 

as well as its rivers and lakes, is revealing the effects of industrial activities on the aquatic 

environment (Seyoum Leta et al., 2003). Most industries and factories in Ethiopia discharge 

wastewater without adequate treatment. This approach has resulted in a major threat to water 

quality and future usability, such as polluting downstream rivers utilized for drinking water, 

irrigation, fishing, and recreational activities. In this regard the greater challenge is the illegal 

settlements, industries to start their business at a certain area, and the focus is economic growth, 

mass production and not the environment or the treatment of harmful substances. 

 

Agriculture is among the major type of stressor which causes non-point contamination sources in 

most rivers and streams (Aschalew Lakew and Moog, 2015). Farms dump large amounts of 

agrochemicals, organic matter, and residue of drug products, sediments and salinity into water 

bodies. Big irrigation projects have important role in food security globally and particularly in 
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developing countries like Ethiopia. Nonetheless, irrigation and drainage have frequently been 

linked to a decrease in water quality due to salt, pesticide, and fertilizer runoff and leaching. 

Furthermore, the input of organic matter from cities and intensive agricultural practices such as 

floriculture has a significant impact on water quality. Poor farming techniques, forest destruction, 

vegetation removal, discharge of inadequate or untreated wastes, sand and stone derangement, 

open bathing, car and garment washing, and poor solid waste management procedures are the most 

prominent sources of pollutants in the country. 

2.5.Fish as bio-monitoring organism 

Fish have been identified as biological indicators for environmental contamination, providing an 

integrated overview of environmental status over longer periods of time. Fish respond to toxins 

and other stressors at levels that are frequently much below those detectable by terrestrial 

organisms. Because of their sensitivity to the health of surrounding aquatic ecosystems, fish can 

be used to monitor environmental degradation (Fausch et al., 1990). Fish are more vulnerable to 

stress than many other organisms since their existence is closely related to and dependent on the 

availability of water in the environment (Wendelaar Bonga, 1997). Fish populations are both 

temporally and spatially sensitive to contaminants and other water quality characteristics that may 

be measured in real time, both in the short and long term. 

 

Using fish as bio-indicator has advantage over other group of organisms. This includes fish, unlike 

many invertebrates; spend their entire lives in the water (Hogan and Vallance, 2005). As a result, 

they constantly inhabit the receiving water and integrate the chemical, physical, and biological 

histories of aquatic ecosystems. A long tradition of ecological, physiological and ecotoxicological 

research on fish has led to an advanced knowledge of the ecological requirements of a large number 

of fish species. The effectiveness of bioindication approaches depends on the sound knowledge of 

the indicators' ecological demands and physiology (Schiemer et al., 2001). The sampling 

frequency required for trend evaluation is lower than for short-lived organisms, and fish taxonomy 

is well established, allowing trained biologists to decrease laboratory time by identifying most 

specimens in the field. Fish are less affected by natural microhabitat differences than smaller 

organisms, making them extremely useful for assessing regional and macrohabitat differences 

(Hogan and Vallance, 2005). Furthermore, in terms of biological and physiological reactions, fish 

are one of the most researched animals in aquatic habitats. Fish are highly visible  and  valuable  



20 
 

components  of  the  aquatic  community  to  the  public,  making communication easier. In addition, 

fish are easily identifiable; and the general public can relate to statements about the conditions of 

fish assemblage. 

 

However, using fish as a bioindicator has some drawbacks, including the fact that fish are highly 

mobile, making sampling difficult. To record daily and seasonal fluctuations, large groups of 

personnel, various tools, and an extended period in the field are required (Figueroa et al., 2003). 

Furthermore, the selective character of sampling gear is necessary, particularly for big sampling 

operations. Nonetheless, the bulk of these problems are outweighed by the associated benefits 

(Gamito et al., 2012). 

2.5.1. Fish as heavy metal indicator 

Fish are highly exposed to pollution as a result of feeding and living in aquatic habitats because 

they cannot escape the harmful effects of contaminants (Mahboob et al., 2014). According to some 

studies fishes are considered to be the most important biomonitor organisms in aquatic systems for 

the determination of metal pollution level, they offer several specific advantages in describing the 

natural characteristics of aquatic systems and in assessing changes to habitats (Lamas et al., 2007). 

In addition, fish are found at higher aquatic food chain and may accumulate metals and pass them 

to human beings through food causing chronic or acute diseases. According to Jitar et al. (2014), 

the accumulation of heavy metals in tissue is primarily determined by metal concentrations in the 

water and the duration of exposure; however, other environmental factors such as water 

temperature, oxygen concentration, pH, hardness, salinity, alkalinity, and dissolved organic carbon 

may influence and play significant roles in metal accumulation and toxicity in fish. 

2.5.2. Fish as a habitat degradation indicator 

According to Hynes (1975) the geology, soils, and vegetation of watersheds can have an impact 

on the physicochemical and ecological characteristics of the streams and rivers. In a stepwise 

regression analysis of fish populations in six Arizona headwater streams, Rinne et al. (1988) 

concluded that a cattle grazing was the main factor to increasing substrate fines and decreased fish 

populations in several of the streams. Peat exploitation, open cast mining, land reclamation, 

quarrying and gravel extraction are all likely to impact on fish populations. Most of these activities 

release sediments, which in addition to altering breathing mechanisms of fish are liable to cause 
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lesions which constitute a channel of penetration for pathogenic agents. Therefore, the reduction 

in abundance of fish in such environment shows the degradation of habitat. Studies of fish 

assemblages in streams have linked habitat degradation and channelization to reduced abundance 

and diversity of fish species (Wilton, 2004). At a local scale, well vegetated banks with diverse 

plant assemblages provide erosion resistance, shade, allochthonous carbon inputs, woody debris, 

nutrient removal, reduction of overland flow, and fish refuge during flooding. Therefore, fish 

assemblage in this vegetated area is expected to be high and indicates the better condition of the 

stream.  

2.5.3. Fish as deoxygenation indicator 

Dissolved oxygen concentration determines the distribution and abundance of fish in water bodies. 

Fish kills are an extreme manifestation of low dissolved oxygen levels. Hypoxia can alter the 

composition of fish assemblages and result in mortality if fish are unable to move to more 

oxygenated environments (Smale and Rabeni, 1995). Studies have concluded that low dissolved 

oxygen concentrations will contribute to a decline in fish species richness and abundance in 

riverine backwaters (Knights et al., 1995).  

2.5.4. Some common approaches in fish biomonitoring 

Several biological assessment indexes have been proposed for biomonitoring in which the main 

approaches are diversity indices, biotic indices, multimetric approaches, multivariate approaches, 

functional feeding groups (FFGs) and multiple biological traits as indicators of environmental 

degradation.  

2.5.5. Diversity indices 

In the case of fish species richness, it generally improves with stream order, as does habitat 

diversity and complexity, as well as an improved trophic and energetic underpinning for fish 

populations. The variety of ontogenetic and seasonal requirements of the distinctive species can 

characterize the sequence of assemblages along a river system (Jungwirth et al., 2000). They define 

the ecological integrity of aquatic systems with regard to the connectedness of supplementary and 

complementary habitats. In general the major advantage of this approach in biomonitoring is 

condensing large amounts of biological data into numbers comprehensible and useful to people 

not immediately familiar with the specific biota. 
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Diversity metrics are commonly used in the assessment of river ecology. It shows the diversity 

and abundance of each species. Estimating the number of species in a given area is a central theme 

in ecology. Species diversity is related to the functioning of ecological systems and helps 

understand the mechanisms and effects of environmental disturbances such as pollution (Tokeshi 

and Arakaki, 2007). Estimating species diversity is also useful for detecting trends, impacts, or 

ecosystem recovery, as well as quantifying extinction threats and, as a result, prioritizing 

protection of biodiversity hotspot areas (Mora et al., 2008).  The assumption is that undisturbed 

environments are characterized by high diversity or richness, an even distribution of individuals 

among the species, and moderate to high counts of individuals. The best use of diversity-related 

indices in river and stream monitoring is probably as an indicator of changes in species 

composition when comparing impacted and reference assemblages. There are different diversity 

indices that are sensitive to both the number of species and relative abundances of the species, 

such as the Shannon-Wiener and Simpson indices (Krebs, 2009), as well as indices that estimate 

the homogeneity of distribution of abundances among species (evenness).  

2.5.6. The Index of Biotic Integrity  

James Karr proposed the first biotic index for fish, the index of biotic integrity (IBI), which defined 

biological integrity as "the ability to support and maintain a balanced, integrated, and adaptive 

community of organisms with species composition, diversity, and functional organization 

comparable to those of natural habitats within a region" (Karr and Dudley, 1981). Biotic indices 

are metrics created from the scores assigned to indicator organisms taxonomic based on their 

tolerance or sensitivity to pollution, based on the notion that the healthiest streams or rivers have 

the greatest diversity of pollution-sensitive organisms. This type of indices is based on the 

assumption that fish communities respond to human-induced changes in aquatic ecosystems in a 

predictable and quantifiable way. The IBI is calculated using metrics or fish assemblage attributes. 

Several attributes can be utilized to build an IBI, but they must fall into one of three categories of 

metrics: (a) species richness and composition, (b) trophic composition, and (c) abundance and 

condition (Karr, 1991). 

 

 

 

2.6.Fish parasites as bioindicator 
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Fish parasites can be used as a bioindicator to assess the health of an aquatic ecosystem (Keke et 

al., 2020). The parasites are easy to collect and recognize, which makes them useful in 

biomonitoring. Another intriguing application of fish parasites as bioindicators is their ability to 

reveal aspects of the host organism's biology, such as feeding ecology and behavior (Vidal-

Martnez and Wunderlich, 2017). Many parasitic metazoan fishes are passed down the food chain. 

A parasite record integrates across time and offers major advantages over time-consuming stomach 

content examinations since many life cycle stages are long-lived and can maintain themselves for 

longer inside the host. In addition, they are able to accumulate certain pollutants at levels higher 

than those of their host (Jirsa et al., 2008). 

 

Because of the range of ways in which they respond to anthropogenic contamination, fish parasites 

are gaining popularity as biological indicators. Changes in the richness and structure of parasite 

communities of various fish hosts have a wide variety of biomonitoring applications, including 

water quality, environmental stress, and pollution (Landsberg et al., 1998). Fish parasites give 

information on water pollution not only by their presence or absence, but also by their capacity to 

collect heavy metals, primarily arsenic, copper, lead, zinc, and cadmium, in their tissues (Mehana 

et al., 2020). Proteocephalus percae and Acanthocephalus lucii, intestinal parasites, have this 

capacity; their tissues contain 300 times more of these poisons than their fish host's muscles and 

liver. On the other hand, morphological deformations and the ability to accumulate toxins in their 

tissues also provide information about the health of water bodies. 

 

Parasites' reactions to various forms of pollution might be either negative or positive. 

Eutrophication, for example, can promote parasitism, but heavy metals can limit it. Ciliates and 

nematodes can detect eutrophication and thermal effluents, whereas digeneans and 

acanthocephalans can detect heavy metals. Intestinal acanthocephalans of fish, in particular, can 

collect heavy metals to concentrations orders of magnitude greater than those seen in host tissues 

or the environment, making them useful heavy metal indicators. 
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CHAPTER THREE 

3. Materials and methods 

3.1.Description of the study sites 

The study was conducted in selected upper River Awash including its tributary rivers Legedadi 

and Teji during May, June and October 2021. The Awash River basin is the fourth largest river 

basin in Ethiopia following Wabi- Shebele, Abbay (Blue Nile) and Genale-Dawa River Basins. It 

rises in the central highlands of Ethiopia near Ginchi town and flows north-east down the Rift 

Valley to the saline Lake Abbe on the Ethiopian–Djibouti border at an elevation of around 250 

meters. The river flows for approximately 1200 kilometers through the nation, with a catchment 

area of 112,700 km2 and a population of 10.5 million in the basin. Upper Awash includes all 

streams from the high plateau of north-west-east Showa to the outlet of Lake Koka, with a drainage 

area of approximately 10,748 km2. 

 

The Awash River Basin is divided into three sections based on physical and socio-economic 

factors; the Upper Awash covering the upstream parts of Koka Dam (areas above 1500 m); the 

Middle Awash, including areas between Koka Dam and Awash station (areas between 1000–1500 

m); and lastly, the Lower Awash is covering areas between 500 and 1000 m and the Eastern 

catchment (MEFCC, 2018). 

 

The River Awash is used for irrigation, industrial use, drinking purposes in major cities including 

Addis Ababa, Adama, and other rural villages in the basin. The Awash Basin has a capacity of 

irrigating 205,400 (FAO, 2003). A number of small, medium and large irrigation systems (e.g. 

Ada'aBecho, Wonji-Shoa, Fental-Tibila, Metahara, Upper Awash Agro Industry, Kesem, 

Amibara, Gewane, Tendaho) make it the most-used river basin in the country (ARBA, 2017).  

 

The River Awash receives huge amount of domestic, industrial and agricultural wastes through its 

seasonal and perennial tributary rivers. In addition to these wastes, physical disturbances including 

river diversion, sand excavation, and deforestation along the river bank contributed to fish habitat 

loss and limit the flow of water in the channel. According to the recent study the cropland and 
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built-up area in River Awash basin expanded at the expense of reducing shrubland and forest by 

4% and 25% respectively between 1988 and 2002 (Tadese Tibebe et al., 2019). Higher levels of 

deforestation, combined with population growth, urbanization and cropland expansion, have 

impacted the available water resources and runoff in the area. 

 

3.2.Climate  

The rainfall pattern in Upper and Middle Awash is bimodal, with a short rainy season (March to 

May) and the main wet season (July to September). The climate of the Awash River Basin varies 

from humid to dry in the upper and lower reaches. During the 1980–2013 periods, the Awash basin 

got an annual mean rainfall of 1019 mm, with maximum, minimum, and average temperatures of 

23.2oC, 12.1oC, and 17.7oC, respectively. The basin's annual discharge is estimated to be 4.6 km3, 

and tributaries, such as the Mojo, Akaki, Kassam, Kebena, and Mile Rivers, transport water all 

year round, although many lowland rivers only operate during the rainy season (Girma Tadesse et 

al., 2012). 

3.3.Site selection 

The study sites selected in the present study are listed in table 1. The study sites were selected 

strategically based on types of stressors including agriculture, damming, water diversion, domestic 

and industrial waste; accessibility for sampling and presence of fish. During the selection the 

habitat type (pool and riffle) was also considered. Sampling sites were distributed in different 

sections of upper River Awash. Based on preliminary survey, which was done in April, 2021 five 

sampling sites were selected of which two sites were in River Awash and three sites are located in 

tributary rivers namely Legedadi and Teji. The rivers/streams and the sampling point locations 

were mapped using Arc GIS 9.3 (Figure 1). 
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Figure 1: Map of the study area indicating the locations of sampling sites. (Where GIN- Ginchi, 

TJI- Teji, AK-Awash Kunture, LBD-Legedadi below the dam and LAD-Legedadi above the 

dam) 

 

Site 1 Ginchi Site (GIN): In this sampling station, there is natural vegetation around the river but 

the river bank is degraded due to intensive cattle watering and grazing. On the one side of the river 

intensive farming activities and human settlements are visible in which agrochemicals and 

domestic wastes are expected to be source of pollution. Livestock grazing, washing clothes and 

bathing are common activities taking place at this site. On the other hand, domestic wastes from 

few resorts/hotels in Ginchi town discharge their waste to the river.  
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Plate 1a: Pool section of GIN site in rainy season    Plate 1b: Clear water in post rainy season 

 

Site 2 Awash Kunture (AK): The natural vegetation cover in this area is scarce because human 

and domestic animals have profoundly altered the vegetation and the landscape. Different activities 

take place around this site including cattle watering, water abstraction, washing cloth, bathing and 

agricultural practices. The main stressor at this site is agricultural activity represented by large 

coverage from the all-out zone of the catchment. Agriculture is the major source of pollution 

through discharging large quantities of agrochemicals, organic matter, drug residues, sediments 

and saline drainage into water bodies. Erosion at the river bank and accumulation of sand in the 

pool section are common. This site is located below the confluence of the River Awash with Sebeta 

River which carries domestic and industrial wastes from and around Sebeta town.  

 
Plate 2: High volume of water in AK site during rainy season 
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Site 3 Legedadi above the dam (LAD): It is a reference site located under the protection of 

Kidanemihret Orthodox Church that limits the intervention of human activities.  The canopy cover 

of the area is relatively better with less external stressors. It has well developed riparian vegetation, 

limited in-stream activities and farming in the catchment. There is no observed bank erosion in the 

site. The two sides are covered by indigenous vegetation and no watering points are available. The 

human activities in the site are washing and bathing by the local and church visitors.   

 

Plate 3a: Better canopy cover in LAD site                  

Plate3b: Visible river bed in LAD 

 

Site 4 Legedadi below the dam (LBD): This is a reference site situated downstream of the 

Legedadi dam which may show the influence of reservoir on the distribution abundance and 

diversity of riverine fish through altering selected hydrological characteristics of the river. The 

vegetation coverage is scarce and the bank erosion is clearly visible in both sides of the river. The 

river water is turbid due to accumulated sediment and waste released from the reservoir. 
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Site 5 Teji Stream (TJI): It is one of the tributaries that feed Upper Awash. The site is mainly 

affected by activities associated with the local instream activities, intensified irrigation farming, 

cattle watering and bathing which are common activities in the site. Diversion of the river water 

for irrigation is major stressor in the area that causes high water level fluctuation in the water 

column. In dry months (May and early June) the river flow stops due to diversion and intensive 

pumping of the water for irrigating the wheat farms in the area. 

 

 Plate 5a: Cattle watering in TJI site                                                                                 

Table 1: Sampling sites with GPS coordinates (in degree decimal) in the upper River Awash.  

 

Sampling sites Site code  Altitude  

(m. a.s.l.) 

Latitude Longitude 

 

Legedadi above the dam LAD 2629 09.211550 39.166090 

Legedadi below the dam LBD 2329 09.042640 38.908280 

Ginchi GIN 2200 09.014490 38.145100 

Awash Kunturre AK 1990 08.422570 38.364680 

Teji TJI 2062 08.820290 38.364790 

 

Plate 4a: Livestock watering in Legedadi below 

the Dam                                   

Plate 4b: Turbid water released from dam in 

Legedadi below the dam site  

Plate 5b: Limited vegetation in TJI 
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3.4.Field sampling and data collection 

3.4.1. Environmental parameters 

Data on physico-chemical parameters of water were collected from each sampling site concurrent 

with fish sampling during the study period. In-situ measurements were taken for electrical 

conductivity (EC), dissolved oxygen (DO) and temperature (To) using multi-probe system 

(HQ40d) prior to any sampling. Each of the parameter was recorded in replicate at each sampling 

site without disturbing the upstream reach. In addition, velocity of the water at each sampling site 

was measured using floating method by measuring the time of floating material (orange) to travel 

a certain distance (Gordon et al., 1992). This was also done in replicate at each site and average 

time of the orange floating was considered for the final velocity calculation. The depth of water 

was measured using tape meter at five different points. River width was also measured with a 

measuring tape in three cross sections at about 20 m distance and the average wetted width is the 

mean of the three measurements following Aschalew Lakew (2014). The geographic coordinates 

and altitude of each sampling site were recorded with a Garmin VISTA e-trex GPS system. 

 

For ex situ measurement at least two liters composite water sample was taken and transported to 

National Fishery and Aquatic Life Research Center (NFALRC) Sebeta, limnology laboratory for 

analysis of major nutrient and other water quality parameters (Appendix 1A). These include nitrate 

nitrogen (NO3-N), ammonium nitrogen (NH4-N) and total phosphorous (TP).Turbidity of water 

was also measured using turbidity meter (Oakton WD-35635-00 T-100 model) at NFLARC 

laboratory. 

3.4.2. Fish and fish parasite sampling 

Fish communities were sampled from each study site. Fishing was done using electro-fishing 

which relies on two electrodes that deliver direct current at high-voltage from the anode to the 

cathode through the water. The electric field which is created between the anode and the cathode 

attracts and stuns the fish. The upstream and downstream stop nets (mosquito nets with 1.5 mm 

size) were set simultaneously to prevent fish immigration to and emigration from 

the survey section prior to sampling. This was done by fixing using hardwoods at each side of the 

net for better handling. The stretch (length) and width were measured to calculate the area of the 

survey section. For habitat sampling, pool and riffle habitats were blocked using net and fished 
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against the water flow in a zigzag pattern. To avoid damage by the electric field, sampled fishes 

were immediately netted and placed into buckets filled with river water until the end of 

identification or counting. For quantitative sampling a two pass removal approach was used in the 

overall fishing duration (Seber and Le Cren, 1967).  To do so two runs were performed along the 

stretch considering number of fish caught in the first and second run. Since number of fish in the 

second run in each sampling site and occasion was less than 50 % of the first run fishing run was 

restricted to 2 times only (Seber and Le Cren, 1967). 

 

Following capture of fish, the total number of fish caught from each sampling site was recorded 

and pooled for stock calculations independently. Then, the total length (TL) and total weight (TW) 

fish specimen from each site was measured to the mearest 0.1 cm and 0.1g respectively. Fish 

identification was done on-site using identification keys (Redeat Habteselassie, 2012; Abebe 

Getahun, 2017) but fish that were not identified at the field were placed in plastic containers 

containing 10 % formalin and transported to NFALRC laboratory for further identification.  

After collecting the necessary data, fish subsample was randomly collected for parasitological 

examination and the remaining specimens were released back into their habitats. The subsamples 

were preserved in icebox with necessary data and transported to NFALRC laboratory for parasite 

identification and counting (Appendix 1B).  

3.4.3. Laboratory analysis 

3.4.3.1.Physicochemical determination  

Major nutrients were analyzed following APHA (1995). Total phosphorus (TP) was determined 

by digesting unfiltered sample using potassium-peroxodisulphate. Total ammonium nitrogen, 

NH4-N was determined following the Indo-Phenol blue method and nitrate-nitrogen (NO3-N) was 

determined using the sodium-salycilate method with standard solutions of nitrate prepared for the 

standard calibration curve.  

3.4.3.2.Identification of parasites 

After taking representative fish from each species external and internal parasite were examined, 

collected and counted independently (Appendix 1C). For external parasites different part of fish 

including skins, gills, fins and operculum were examined. Samples were taken by scrapings from 

the fish skin of different parts (head, ventral region and fins). The sample was covered with a 
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cover-slip and examined under compound microscope at 100x and 400x magnification at 

NFALRC. For internal parasites the fish was dissected and different parts including pericardial 

cavity, mesentery, liver, gonads, body cavity, sites behind the gills and other internal organs were 

checked for the presence of parasites. 

3.5.Data analysis 

All the environmental parameters, fish parasites and fish samplings were performed during May, 

June and October, 2021 following the procedure described above. The data collected were 

analyzed using formula provided below. 

3.5.1. Abundance and diversity of fish 

Fish abundance was recorded at each sampling site based on sampling site, sampling month, and 

habitat type. To explain the diversity of fish species, the following diversity indices were used as 

follow. 

The Shannon diversity index (H') 

 H’ =  − ∑ Pi ∗ lnPi∞
𝑁=0  

Where H' = the Shannon diversity index, Pi = fraction of entire population made up of the species 

i, S = number of species encountered, Σ = sum from species 1 to species S 

 

Margalef diversity index  

DMg =
(S − 1)

logN
 

Where DMg= Margalef diversity index, S= number of species, N=total number of individuals per 

sites. 

Simpson Index (D2) 

D2 = Σ(pi2) 

Where pi= (ni/N) * (ni/N), Where ni = number of specimen per taxon, N= total number of 

individuals per site 

3.5.2. Species evenness Index (J') 

J′ =
H’

lnSi
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Where, H' max represent the maximum possible diversity of the site and ln (S) for the natural 

logarithm of species. 

In addition to above diversity indices, diversity and abundance based single metrices such as taxa 

richness, abundance per hectare, % of dominant taxa, Number  of rare sp., etc. were calculated in 

excel sheet.   

Stock estimation: The stock was estimated following Serial removal method (Seber and Le Cren, 

1967) using the following formula 

                        N = 
𝐶12

 𝐶1−𝐶2
  Where N = calculated (estimated) fish stock; C1 = Catch  

of the 1st run; C2 = Catch of the 2nd run. Area of sampled section was calculated and the estimated 

fish stock was reported per hectare. 

3.5.3. Prevalence and intensity of fish parasites 

Prevalence and intensity of fish parasite were calculated for each fish species in all sampling sites. 

Prevalence and intensity of parasite for each site was determined according to the following 

formula (Bush et al., 1997). 

  Mean Prevalence(%) =
Number of Infected fish 

Number of Examined fish
∗ 100   

 

 Intensity =
Total number of fish parasites

Numberof Infected fish 
 

 

Prior to any statistical analysis, all the data collected were organized in Microsoft Office, Excel 

2010. Means and standard deviation, percent of relative abundance, prevalence and intensity of 

fish parasites, condition and length-weight relationship of fish were performed using Microsoft 

office excel 2010. Similarly fish and fish parasite metrics under the diversity/richness, 

abundance/composition, fish health and fish condition metric groups were calculated using 

Microsoft office excel 2010. 

 

One-way ANOVA was performed to see if there was a significant difference in species 

evenness, diversity and prevalence and intensity of fish parasite among sampling sites. It was 
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also used to test for significant spatial differences of the physico-chemical and hydro-

morphological variables among sampling sites using the R statistical package.  

 

Principal component analysis (PCA) was applied to see the association between sampling sites 

and fish and fish parasites based on the diversity and abundance of fish and fish parasite 

communities observed. Pearson’s correlation was performed to evaluate the relationship 

between fish and fish parasite metrics and environmental variables. In addition, it was also 

used to compare fish and fish parasite metrics. PCA, ANOVA and Pearson correlation were 

done using R statistical package (R: RStudio, 2020). To compute PCA R function prcomp() 

was used in the package Vegan. The R function ggplot in the package ggplot2 and 

fviz_pca_biplotin the package factoextra were used for graphical illustration of PCA.  

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER FOUR 

4. Results 

4.1. Physico-chemical and hydro-morphological parameters  

The result of environmental parameters measured during this study is presented in table 3. There 

was significant variation (p < 0.05) in TP and NO3 among sampling sites. The highest TP 
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(3.8±0.025mg/l) was recorded at intensive farming site (GIN) and the lowest (0.51±0.06mg/L) 

was obtained at LBD. NO3also showed the same trend with the highest values at GIN and lowest 

at LAD site.  

 

TJI site recorded comparatively the highest temperature means (22.6±2.2°C) followed by AK 

(21.3°C) and GIN sites (21.3±2°C) and the least was recorded at LAD (19.3±2.1°C). GIN showed 

the lowest mean conductivity (187.2±19 μS cm-1) and rose to 300±33μS cm-1 for LBD site. The 

present study indicated that the concentration of DO fluctuated from 6.3±2 (LBD) to 8.2±1mg/L 

(GIN) with an average of 7.2 mg/L. The concentration of NH3were not significantly different 

(p<0.05) between sampling sites but the highest level was record at TJI (1.56±0.024mg/L). 

 

Hydro-morphological parameters of streams showed significant variation (P<0.05) among sites 

except for wetted width and discharge. Site AK was the deepest whereas site GIN was 

comparatively shallow. The water discharge varied from 40.8±5m3/s in TJI to 509.3±3m3/s in AK. 

The average turbidity showed a marked difference in its spatial distribution ranging from 215±55 

(LAD) to 380±26 NTU (LBD). Based on the wetted width result, there was no significant 

difference among sites but the highest (15±2.1m) and the lowest (3.5±0.5m) were noted at AK and 

TJI, respectively.  

 

 

Table 2: Hydro-morphological and physicochemical variables recorded in streams of the upper 

Awash River. 

Parameters Code  LAD LBD AK GIN TJI p-

value 

Wetted width (m) E1 
8±1.75 12±1.5 15±2.1 4.5±0.8 3.5±0.5 

0.09 

Depth (m) E2 
0.64±0.1 0.5±0.2 1.51±0.1 0.43±0.22 0.48±0.13 

0.011 

Velocity (m/s) E3 
0.54±0.6 0.21±0.06 1.3±0.02 0.25±0.08 0.35±0.06 

0.002 

Discharge (m3/s) E4 
106.8±9 97.3±6 509.3±11 45.0±8 40.8±5 

0.12 

TP (mg/L) E5 
0.8±0.06 0.51±0.04 3.2±0.032 3.8±0.025 0.53±0.036 

0.00 

NO3(mg/L) E6 
0.41±0.04 0.825±0.05 0.695±0.075 1.805±0.2 0.60±0.056 

0.02 
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NH4(mg/L) E7 
0.08±0.03 0.43±0.025 0.128±0.017 0.7±0.02 1.56±0.024 

0.09 

DO (mg/L) E8 
7.5±0.6 6.3±2 7.13±0.8 8.2±1 6.8±1.2 

0.34 

Temp.(0C) E9 
19.3±2.1 21.3±1.5 21.3±2 20.46±3.1 22.6±2.2 

0.16 

Cond.(µS/cm) E10 
214±15 300±33 265±39 187.2±19 285.5±23 

0.56 

Turbidity (NTU) E11 
215±55 380±26 354±41 240±12 250±6 

0.71 

 

The log transformed, log (x+1) value of monthly environmental variations was presented in figure 

2. The value of most parameters varied between sampling months in which an increasing tendency 

was observed for major parameters with no significant variation (p<0.05). The value of NH4 and 

NO3 showed an increasing trend from its minimum value in May to its highest value in October. 

The highest water discharge, conductivity and turbidity was observed during rainy season (June) 

and showed a decrease in post rainy month (October) in all sampling sites.  

 

 

 

Figure 2: Monthly variation in environmental variables of streams in upper Awash River 

4.2. Fish community structure in upper River Awash 

During the present study a total of 2242 fish specimens belonging to four species were identified 

and included in the analysis. The highest abundance of fish was recorded in GIN site with 44166 
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individuals per hectare followed by LAD site with 30166 individuals per hectare. And the lowest 

number of fish was recorded in TJI with only 8000 fish per hectare. The indigenous Garra 

dembecha (Abebe Getahun, 2000) was the most abundant species in 4 of the 5 sampling sites 

except for TJI site. This was followed by Garra quadrimaculata (Rüppell, 1835), Labebarbus beso 

(Rüppell, 1835) and Garra makiensis (Boulenger, 1903) as shown in Table 3. 

 

 

 

 

 

Table 3: Fish composition and numerical abundance in streams of upper River Awash 

Species LAD LBD AK GIN TJI Total RA (%) 

Garra quadrimaculata 227 115 141 229 92 804 35.8 

Garra makiensis 41 0 20 6 0 67 2.9 

Garra dembecha 385 214 226 346 78 1249 55.7 

Labeobarbus beso 24 0 32 55 11 122 5.4 

Abundance/ha  30166 14261 2370

3 

44166 8000 - - 

Biomass (kg/ha) 229.7 41 71 271.5 21.5 - - 

 

The average monthly variation of fish abundance is presented in figure 3. The highest number of 

fish was caught during October while the minimum was obtained in the rainy month, June. This 

showed the influence of monthly variation in environmental variables that corresponds to the fish 

community structure in the study sites.  
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Figure 3: Monthly variation in number of fish sampled during the study period. 

4.3. Fish parasites structure in streams of upper River Awash 

 

Due to small size of most indigenous fish (Garra sp.) caught for parasitological identification, the 

abundance of endo-parasites identified was very poor and excluded from the analysis. Therefore, 

only external parasites were considered for the present study. Black spot metacercariae were 

identified in almost all part of the fish body (Figure 4A). A total of 147 of the 527 fish (27.8%) 

examined were found infested by at least one external parasite (Table 4). Black spot metacercariae 

parasite with the total sum of 8130 (98.6%) was the most abundant external parasite occurring in 

all the sampling sites. This was followed by Clinostomum sp. (Figure 4B) with total number of 

164 (26.5%) in all sites. The highest level of parasite infestation was recorded in G. dembecha 

(67.6%), followed by G. quadrimiculata (59.8%) and G. makiensis (20.8%) as summarized in table 

5. The LBD has the least parasitic infection with 13% of prevalence and GIN site had the highest 

parasitic infection with 36.6% as shown in table 4. Similarly, parasites intensity was highest (75) 

at GIN and the least was obtained at LBD (17).  

Table 4: The prevalence and intensity of fish parasites sampled from five sampling sites (n = 

527) 
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Sampling 

sites 

 

Number of 

fish examined 

Number of 

fish 

infested 

Total number  

of parasites 

Parasite 

Prevalence 

Mean 

Intensity 

LAD 126 40 1740 31.7 43.6 

LBD 75 10 170 13 17 

AK 102 25 1500 24.5 60 

GIN 164 60 4500 36.6 75 

TJI 60 12 300 20 25 

Total  527 147 8356 - - 

 

 

 

 

Figure 4: 

Occurrence 

of external 

parasites in 

fish. A) Black 

spot 

metacercaria infestation on G. dembecha. B). Clinostomum sp. at the lower part of Garra sp. 

 

Table 5: Mean prevalence (MP) and intensity (MI) of fish parasites recorded in different fish 

species sampled 

 

Fish species Clinostomum 

sp. 

Blackspot 

metacercariae 

Unidentified MP 

(%) 

MI 

G. quadrimaculata 26 2512 3 59.8 41.3 

G. makiensis 12 1400 4 20.8 12.4 

G. dembecha 121 4210 6 67.6 52.5 

L. beso 5 21 1 2.9 10.8 

Clinostomum sp. 
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TOTAL 164 8130 13 - - 

 

Based on the PCA result shown in figure 5 the intensity of fish parasite was associated with TP 

and DO while negatively correlated to temperature and ammonium concentration. Likewise, 

parasite prevalence has strong association with nitrate concentration and negatively correlated with 

almost all hydro-morphological variables. 

 

Figure 5: PCA between sites, fish parasite parameters and environmental variables. Sample sites 

represented by dot (•) where 1 to 5 refers to LAD, LBD, AK, GIN and TJI sites respectively. 

4.4. Fish metric selection and calculation 

To examine the potential of fish and fish parasites in biomonitoring of streams in upper River 

Awash, 9 single metrics which are expected to represent an ecological status of rivers were selected 
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three metric categories: abundance/composition, richness/diversity and fish health. The 

abundance/composition metrics were calculated based on of number and biomass of fish per 

hectare. 

 

 In general, 4 diversity metrics were included in the analysis and the results showed spatial 

differences between sites and AK site had highest value for most diversity indices. Shannon 

diversity was highest in AK site. However, species evenness was the highest (J’= 0.96) at the LBD 

which was close to 1 showing uniform distribution of species in the site.  

4 fish parasite metrics were calculated and included in the analysis. From this parasite intensity 

and % of Clinostomum sp. showed significant variation between sites. Parasite intensity was 

highest in GIN (75) site and lowest in LBD (17). The highest fish infestation (prevalence) was also 

recorded in GIN site (36.6) and the least infested site was LBD (13) but doesn’t show significant 

variation between sites.  

 

Table 6: Calculated values of fish and fish parasite metrics of streams in upper River Awash  

 
Metric 

category 

Parameters Code LAD LBD AK GIN TJI p 

value 

Diversity Shannon_H M5 0.9756 0.65 1.04 0.95 0.87 0.09 

Evenness_e^H/S M6 0.6632 0.96 0.71 0.64 0.81 0.18 

Margalef M9 0.4603 0.17 0.49 0.46 0.38 0.21 

Abundance Total number of 

indi./ha  

M13 30166 14261 23703 44166 8000 0.01 

Total biomass of fish 

(kg/ha) 

M16 229.7 41 71 271.5 21.5 0.19 

Fish health Parasites prevalence  M25 31.7 13 24.5 36.6 20 0.07 

Parasites Intensity M26 43.6 17 60 75 25 0.03 

% of Black spot M27 96.21 97.1 98 90 91.9 0.08 

% of Clinostomum M28 3.22 2.81 1.882 9 8.01 0.04 

 

4.5. Correlation analysis between metrics and environmental variables 
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6 major metrics were retained for correlation analysis (Table 7). These included 3 fish metrics 

(Number. of individuals/ha, Shannon’s diversity index, Margalef’s diversity index and species 

evenness) and 2 fish parasite metrics (Parasite intensity and parasite prevalence). Based on this 

Pearson’s correlation was carried out to examine the relationship between those single metrics and 

selected environmental variables using average value of variables from each sampling site. 

Shannon’s diversity was significantly (p<0.05) correlated with hydro-morphological 

characteristics, such as water depth and velocity. Similarly, total number of individuals/ha was 

strongly correlated (r = 0.93) with concentration of phosphate.  
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Table 7: Correlations between metrics and environmental variables in streams of upper River Awash (Variables code is assigned based 

on table 2 and 6) 

 

Variable M SD 1 2 3 4 5 6 7 8 9 

            

1. M5 0.90 0.15                   

                        

2. M6 0.76 0.13 -.92*                 

      [-.99, -.20]                 

                        

3. M9 0.40 0.13 .99** -.95*               

      [.89, 1.00] [-1.00, -.42]               

                        

4. M13 24059.20 14103.24 .51 -.75 .55             

      [-.68, .96] [-.98, .39] [-.64, .96]             

                        

5. M25 25.16 9.34 .74 -.94* .80 .90*           

      [-.41, .98] [-1.00, -.36] [-.29, .99] [.07, .99]           

                        

6. M26 44.12 24.02 .76 -.85 .79 .87 .86         

      [-.36, .98] [-.99, .15] [-.31, .99] [-.03, .99] [-.11, .99]         

                        

7. E2 0.71 0.45 .95* -.24 .45 -.02 -.03 .33       

      [.65, .96] [-.93, .82] [-.72, .95] [-.89, .88] [-.89, .88] [-.78, .94]       

                        

8. E3 0.53 0.45 .96* -.35 .56 .01 .07 .36 .99**     

      [.54, .97] [-.94, .77] [-.64, .97] [-.88, .88] [-.87, .90] [-.76, .94] [.81, 1.00]     

                        

9. E5 1.77 1.60 .60 -.62 .61 .94* .63 .94* .41 .40   

      [-.60, .97] [-.97, .58] [-.58, .97] [.41, .98] [-.57, .97] [.31, 1.00] [-.74, .95] [-.75, .95]   

                        

10. E6 0.87 0.55 .03 -.25 .10 .68 .48 .62 -.30 -.35 .71 

      [-.88, .89] [-.93, .81] [-.86, .90] [-.51, .98] [-.70, .96] [-.57, .97] [-.94, .79] [-.94, .77] [-.46, .98] 
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Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate the 95% confidence 

interval for each correlation. * indicates p< .05. ** indicates p< .01. 
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4.6. Relation between fish metrics and parasite metrics 

The relation between fish and fish parasite metrics is presented in figure 6. Based on the Pearson 

correlation result, within the metric group, the fish metrics were highly correlated with each other 

at 0.05 and 0.01of confidence interval than fish parasite metrics. Hence, Shannon diversity was 

significantly correlated (p<0.05) to Margalef diversity metrics and negatively correlated with 

species evenness. Most of the fish metrics didn’t show strong correlation with fish parasite metrics. 

Nonetheless, only total number of individuals/ha was statistically correlated (p<0.05) with parasite 

prevalence. Weaker correlations were particularly observed between total number of 

individuals/ha and most diversity metrics. 

 

Figure 6: Pearson’s correlation between fish and fish parasite metrics 

 

4.7. Multivariate analysis 

The principal component analysis (PCA) was carried out and compared with the associated sites 

and driving environmental variables. Width of river and discharge were omitted from this analysis 
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since no significant variation was observed among sites. 79.9% of the total variation of data was 

presented in this ordination, with 41.8% of the variation on the first axis and 38.1% on the second 

axis (Figure 7). The PCA- biplot for the present study indicated similarity between LAD and GIN 

sites as well as between LBD and TJI sites in fish composition and environmental variables. Fish 

community structures at the various sites sampled in this study were generally different. GIN site 

was dominated by the species G. dembecha, G. quadrimaculata and L. beso. In contrary, TJI and 

LBD, highly impacted sites were different with no association to any fish species.  

It was indicated that fish communities were influenced by hydro-morphology and physicochemical 

variables of the study sites. The direction proportional influence of velocity, depth, temperature 

and turbidity were pointing AK site whereas, nitrate, DO and TP were pointing LAD and GIN site. 

This clearly showed that the site with higher fish diversity was related to the high water velocity 

and depth. LBD and TJI sites were associated with conductivity of water. Regarding fish species 

G. dembecha, G. quadrimaculata and L. beso corresponded with concentration of DO and TP and 

negatively associated with conductivity.  
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Figure 7: PCA between sites, fish species and environmental variables in streams of upper River 

Awash. Sample sites represented by dot (•) where 1 to 5 refers to LAD, LBD, AK, GIN and TJI 

sites respectively 

 

The important environmental parameters determining the fish community structure based on the 

contribution made by each parameter is presented in figure 8. Based on this water depth, velocity, 

conductivity and DO were the most important variables determining with better vector length. 

 

 

Figure 8: Contribution of environmental variables in fish distribution 
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4.8. Fish distribution at mesohabitat level 

 

During the present study 1308 subsample of fishes were recorded and summed across all sites in 

which higher fish abundance (713) was recorded in  riffle habitat than in pool habitat (595) (Table 

9). This indicates riffle contributed 54.5 % of total fish abundance and the rest 45.5 % of fish was 

contributed by pool. Based on sites, LAD and AK characterized by high depth and velocity, had 

highest number of fish in their riffle than pool habitat. Whereas at the sites GIN and TJI, with 

shallow water, the highest number of fish was recorded in pool habitat than riffle (Table 9).  

In contrast to abundance value, the highest fish diversity was reported in pool habitat (H’ = 1.12). 

Riffles had lower diversity with average value of H’= 0.96. However, species evenness was higher 

in riffle habitat (J’= 0.76) compared to pool (J’=0.65). As shown in Table 8 there was variation in 

diversity of fish among sampling sites and habitats with highest diversity in pool of AK (1.45) 

followed by pool of GIN (H’= 1.2).  

Table 8: Diversity indices across mesohabitat in the study sites 

 

Parameters   LAD LBD AK GIN TJI 

Diversity (H’) Pool 0.79 0.66 1.45 1.20 0.96 

Riffle 0.99 0.52 0.96 0.92 0.98 

Evenness (J’) Pool 0.56 0.92 0.59 0.57 0.87 

Riffle 0.80 0.75 0.44 0.75 0.89 

 

Both mesohabitats across all sampling sites of upper River Awash were highly dominated by 

G.dembecha species followed by G. quadrimaculata, G. makiensis and L.beso.  

 

 

 

 

Table 9: Abundance of fish species in each mesohabitat of selected streams in upper River 

Awash  
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Species LAD  LBD AK GIN  TJI  

Poo

l 

Riffle Poo

l  

Riffl

e  

Poo

l  

Riffle Pool  Riffle Pool  Riffle 

G.dembecha 99 125 77 75 48 178 81 56 18 7 

G.quadriamaculata 49 53 62 51 62 79 37 12 12 4 

G.makiensis 2 31 - - 17 3 3 3 - - 

L.beso 4 -   8 24 12 10 4 2 

Total number of 

fish 154 209 139 126 135 284 133 81 34 13 

 

4.8.1. Relation between hydrological changes and size based fish distribution 

Fish were grouped into seven size classes (Figure. 14). The fish showed variation in habitat type 

selectivity based on their size. Highest numbers of fish (317) were found in 6.7- 8.7cm size class 

followed by 4.6-6.6 cm and 2.5-4.5 cm size classes each contributed 33.7%, 29.7% and 25.8 % 

respectively. Based on habitat types, small fishes with size class of 2.5 - 4.5 cm dominated in pool 

habitat with slow moving water. The rest size classes starting from 4.6 - 6.6 cm were more 

abundant in riffle habitat (Figure 14). 

 

Figure 14: Size based distribution of fish in pool and riffle habitats 
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CHAPTER FIVE 

5. Discussion 

5.1. Environmental parameters 

Environmental variables are the prime consideration to assess the quality of water for its best 

utilization. It provides current information about water bodies through determining concentration 

of various solutes at a given place and time. Most of essential parameters including hydro-

morphological characteristics and physicochemical parameters were assessed since they are 

important components in determining the distribution of fish that are used as biomonitoring group 

for ecological health assessment in the present study.  

Hydro-morphological parameters are determinant factors for the distribution of aquatic organisms 

like fish in rivers and streams (Virgilio et al., 2022). In the present study water velocity and depth 

showed significant variation among sampling sites in which both parameters were the highest at 

AK site (Table 2). Because this site was at the main channel of upper Awash River which receives 

water from tributary rivers and streams that contribute to the increase in flow velocity and depth. 

In contrast, the lowest velocity was noted at the remaining sites and this might be attributable to 

the small volume of water in streams that are highly affected by season to the extent of drying up 

during dry months. The very shallow water column was observed at TJI site due to diversion of 

large volume of water for irrigation farming. Yan et al. (2018) reported that diversion of water 

causes flow reduction which in turn changes the chemical composition of water. The depth and 

velocity of water showed monthly variation in all sampling sites in which higher value was 

recorded in June (Figure 3). It was associated with the increasing inflow from rainfall during rainy 

season because the rainfall is high in June and increases continuously until August in Awash River 

basin as indicated by another study (Tadesse Tibebe et al., 2019). 

Beside hydro-morphological characteristics, physicochemical parameters are significantly 

important in fish distribution in streams and rivers. In this study Phosphate and nitrate showed 

significant difference among sampling sites. High TP and NO3 values were observed at GIN station 

which is most likely due to the presence of agricultural fertilizers and intensive livestock 

operations close to the sites. This was in agreement with previous studies (Geda Kebede et al., 

2020) in which high levels of nitrates and phosphorous in groundwater were associated to places 
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with intensive agriculture and heavy use of nitrogen fertilizer. On the other hand, there is 

introduction of sewages of humans and animals from the surrounding area since the site is close 

to human residents. The lower concentrations of these nutrients were noticed in LBD (Table 2); 

the site where agricultural activities were not carried out. Human induced factors that affect 

nutrient concentration in water bodies are organic wastes, agricultural fertilizers, intensive 

livestock operations, surface runoff, sewage discharge and atmospheric deposition. Ammonium 

also showed variation among sites. The highest value of ammonium was recorded in TJI site which 

might be associated with agricultural effluents from surface runoff into the rivers (Kazi et al., 

2009). Both TP and nitrate were higher during the rainy season related to peak surface runoff that 

wash out nutrients from the catchments especially from irrigation farming and enter to the streams 

(Kemdirim, 2005). And the reduction in dry season is associated to lower input from the catchment 

areas such as farm lands.  

5.2. Fish community structure in upper River Awash 

 In the present study there was variation in the distribution of fish based on different ecological 

characteristics of the sampling sites. These include variation in water level, vegetation and other 

parameters of water.  

The fish species collected were distributed in streams with different environmental impacts. The 

fish species identified were dominated by the cyprinids like most rivers experienced in Ethiopia 

(Genanaw Tesfaye, 2006; Felegush Erarto, 2020). Garra species specifically G. dembecha and G. 

quadrimaculata were dominant in all sampling sites exposed to different anthropogenic stressors 

(Table 3). This indicates the tolerance of Garra species to different level of pollution reported by 

previously studies conducted in the upper Awash River (Alemayehu Wubie et al., 2017; Bacha 

Temesgen 2018; Gernotet al., 2020). In addition, Garra species were also reported from  hard flow 

and slightly polluted streams like Kebena and Akaki Rivesr (Abebe Getahun and Stiassny, 1998) 

and even from brackish waters (Abebe Getahun, 2000) indicating their resistance to harsh 

condition.  

Furthermore the dominance of the genus Garra is related to the preference of the fish species to 

wide range of habitats. It inhabits various substrate types (muddy, sandy, and rocky bottoms) in 

streams, rivers, pools, and lakes. Garra species were relatively found in large numbers in GIN and 

LAD sites that were characterized by different substrate composition compared to other sites like 
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TJI which was dominated by sands and mud in its riffle and pool habitats respectively. Garra 

species relatively prefer the gravel and boulder bed of the river that is important to protect 

deposited eggs and juveniles from being washed by riffles.  

Labeobarbus beso was found in sites with different level of degradations. For instance, it was 

found in LAD, slightly impacted sites and TJI, shallow and hydrologically altered site. However, 

it was totally absent at LBD, highly impacted dam effluent receiving site. This is in line with 

Gernot et al. (2020) who reported the absence of L.beso in high conductivity sites. This indicates 

that L.beso possess intermediate degradation tolerance and proliferate in site of high degradation 

and can be an indicator of moderately polluted streams and rivers. L.beso was also the second most 

abundant species next to G.dembecha and G.quadrimaculata collected in TJI site while the water 

recovered after dry months (May and early June). This showed the resistance of this species to 

different ecological alterations next to Garra species.  

The distribution of Garra makiensis was also similar to L.beso except for TJI site. Unlike L.beso 

it was absent from hydrologically altered site, TJI. This may indicate the negative response of 

G.makiensis to water flow alteration. Therefore, this fish might be considered as good indicator 

for streams with optimum water volume. As Gernot et al. (2020) noted G. makiensis showed 

preference to intermediate water velocity and avoided high water flow velocity. 

Environmental variables showed significant influence on the distribution of fish in the study sites.  

Shannon diversity was highest in AK site. A decrease in water flow; velocity and depth for 

instance, would result in a shift in fish community that TJI site with slow water flow and shallow 

water depth had few fish species. This was also confirmed in the PCA ordination that depth and 

velocity of water were strongly associated with AK site while negatively correlated with TJI site 

(Figure 5). Change in velocity and depth of water are greatly influenced by the flow dynamics of 

a river (Kleynhans, 2007), which in turn is subject to regulation by different factors like dams. In 

addition, AK has tributaries where different rivers and streams join and contribute to the large 

water volume.   

The species richness in LBD was very low having only two fish species almost reduced by half 

compared to the above dam site, LAD (4 species). This could be associated with the presence of 

dam that has great detrimental effect on fish community structures. Fragmentation of rivers 
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through reservoirs poses a chance to the diversity, abundance and resilience of aquatic species in 

river ecosystems (Seliger and Zeiringer, 2018) specifically harmful to migratory fish species. 

Similar to the results of this study, Gaoet al. (2019) found that dam regulation on the Yangtze 

River (China) causes significant changes in fish populations and even gradually increases the 

number of exotic fish. 

The multivariate analyses (PCA) indicated that hydro-morphological and physico-chemical 

characteristics were significant drivers of fish community variation among sites surveyed (Figure 

5). Most of the fish species, G.dembecha, G.quadrimaculata and L.beso were associated with 

dissolved oxygen, TP and nitrate pointing GIN site. Some authors state the great requirement of 

dissolved oxygen by non-parental care fish species due to their critical 

importance in the development of eggs and larvae (Tomasson et al., 1984). Their association with 

TP and nitrate might be through boosting the concentration of oxygen due to increasing the 

abundance of photosynthetic algae.  

5.3. Monthly variation of fish composition in upper River Awash 

 

Based on the survey during April TJI was completely dried up (Appendix 2) due to water diversion 

for irrigation farming. The first species caught during the first sampling in May was Garra species. 

Fish abundance was highest in October while it is lower in June. During June, the flood season, 

fish abundance and species richness are generally lower due to expansion of aquatic habitat that 

reduces per-unit-area densities of fishes (Saint-Paul et al., 2000). On the other hand, the increase 

in water level caused by rainfall and flood during the rainy season reduces the effectiveness of 

fishing in catching the required number of fish specimens (Galib et al., 2018). In addition, it might 

be associated with the flood intensity that might affect stability of fish habitat. Seasonal variation 

in habitats highly influences fish communities as it is directly related to species’ life cycles such 

as growth or reproductive period. On the other hand change in environmental variables like water 

level and turbidity (Zeleke Berie, 2007), temperature and DO (Felegush Erarto, 2020), 

conductivity and nutrient concentration (Most et al., 2020) could have significant effect on fish 

assemblage across different season. During the dry season, in May abundance of fish was also 

somewhat lower related to the high flow reduction. The effect of flow is particularly evident at the 

end of the dry season when water levels are at their lowest due to reduced rainfall, and factors such 
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as competition and predation can strongly influence fish community structure (Pusey et al., 2016). 

The highest fish abundance in post-rainy season (October) might be related to vulnerability of fish 

to fishing due to stability of water and reduced water depth. In addition, the availability of feed 

resources is also high during this season which ultimately influences the fish assemblage structure. 

Similar trend was reported by Most et al. (2020) in which higher number of fish was recorded 

during post-rainy season than rainy season. 

5.4. Fish parasite community structure 

In this study the dominant parasite species at all sampling sites was the Black spot metacercariae 

(Table 5). This might be due to the favorable condition in lotic system for this specific parasite 

species. Similar results were obtained in the upstream part of the River Awash related to the 

presence of discharge from the paper mill and domestic waste from Ginchi town (Bacha Temesgen, 

2018). Clinostomum species was the second most abundant parasite species recorded in very low 

numbers in all sampling sites. Even if information on the intermediate- parasite interaction is 

limited this could be due to low number of intermediate hosts like piscivorous birds found in these 

studied streams. The reduction in intermediate host affected by different environmental pollutions 

leads to reduction in number of fish parasites (Marcogliese et al., 2006).  

Prevalence of ecto-parasite was the highest in GIN site and this might be attributed to higher 

concentration of phosphate and nitrate in the site. Vinikour (1977) indicated that there was a greater 

incidence of Black spot metacercariae infection in a stream with a higher nutrient load than in a 

less productive stream. Thus, the effects of high nutrient concentrations may provide favorable 

ecological conditions especially for the occurrence of dominant Black spot metacercariae. It is also 

confirmed that higher level of nutrient (eutrophication) promotes higher prevalence of parasite 

infections because of the increased abundance of the intermediate hosts (Johnson et al., 2007). The 

parasite prevalence was also higher in LAD site. This site is characterized by better canopy cover 

where higher leaves fallen were observed during the field survey. So higher parasite intensity 

might be related to the favorable condition exerted by leaves for ectoparasites accumulation using 

the leaves as attaching site. The low temperature in the site also contributes to higher parasite 

prevalence. This is also supported by the negative correlation that existed between prevalence and 

temperature based on the PCA ordination results. This was in agreement with Kolia et al. (2021) 
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in which temperature and conductivity were negatively correlated to some fish parasites such as 

Trichodina species. 

The prevalence and intensity were lower in Legedadi below the dam, LBD site (Table 4) which 

can be explained by a lower abundance of the intermediate host affected by water pollution as 

stated by Dias et al. (2013) that salinity of water leads in reduction of intermediate host which in 

turn reduce number of parasites. Water pollution directly interferes with fish health and thus it can 

change the pattern and distribution of parasites in the water hence parasite infection in fish. This 

site is characterized by high water pollution due to waste released from the Legedadi dam. 

Furthermore, different chemicals and reagents used for waste water treatment plant such as 

chlorine and Aluminum sulphate are released directly in to the river. Therefore, these chemicals 

and reagents might be responsible for the reduction in parasite prevalence and intensity. This is 

supported by other studies showing that toxic wastewater from paper mills causes the reduction or 

absence of adult intestinal flukes (Valtonenet al., 1997). These chemicals accumulate over time 

and eventually become stressful, making fish more susceptible to fish parasites (Yanong, 2006).  

Based on the correlation result intensity of fish parasite was negatively correlated with 

temperature, ammonium and conductivity while positively correlated with TP and dissolved 

oxygen (Figure 5). This shows the positive contribution of nutrients like TP and Oxygen for 

parasites load in individual fish. On the other hand, parasite prevalence didn’t cause a negative 

effect on fish condition as they are strongly associated in PCA ordination. This might be due to 

the reason that parasites investigated in the present study were external which may not have 

significant influence on the condition of fish. According to other studies there were no significant 

differences between the mean Fulton’s condition factors of infected and uninfected fish 

(Cucherousset and Britton, 2011). However, this contrasts with a previous study in Nigeria (Oniye, 

2004) where parasite infected C.gariepinus showed lower condition factors compared to non-

parasitic ones, indicating that fish with lower condition factors are more susceptible to parasitic 

infections and will not undergo isometric growth.  

The negative correlation was also observed between parasite prevalence and hydro-morphological 

characteristics (depth, width, velocity and discharge). Unlike the present study the effect of 

velocity on the reduction of parasites was noticed in other studies. Studies have concluded that 

high current velocity may reduce parasite–host encounter rate and contact time between infected 
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and non-infected fish within populations, but faster flows will also disperse waterborne parasites 

faster and more broadly, increasing risk to populations distant from a pathogen source (Alaliyaet 

al., 2019). 

5.5. Important metrics for ecological health assessment in streams of upper river Awash 

 

Metrics used in ecological assessment assess the same aspect of a functional community but in 

different ways. Therefore, the following are metrics used for differentiate sites with different 

ecological disturbances. 

5.5.1. Total number of individuals /ha 

In the present study total number of individuals/ha was one of the metrics used to differentiate 

hydrologically altered and nutrient rich sites. Total number of fish was higher in GIN site where 

agricultural farming was the predominant human activity (Table 7). This may attribute to 

productivity of the river as the site had higher TP and nitrate concentration supplied from farming. 

This could, in turn, increases the availability of food for fish through increasing the availability of 

other organisms which could be used as source of food (Most, 2020). In addition, the site is 

characterized by better oxygen concentration. Oxygen is important factor determining fish 

abundance as stated by others (Lee et al., 2018) that fish abundance increased when DO improved 

in the rivers. In addition, LAD site was also the second most fish abundant site due to relatively 

low human disturbances in the area since it was under the protection of Kidanemehret Church so 

that this will increase the number of fish through providing favorable habitat condition. The least 

number of fish was recorded from hydrologically altered with low vegetation cover site, TJI. 

Modifications of flows due to different causes lead to the reduction of fish abundance (Webb et 

al., 2013). In addition, in streams of a given area poorer sites are generally expected to yield fewer 

fish individuals than site of higher quality as stated by Karr (1981).  Our personal observations 

during the first survey in April this site was completely dry (Appendix 2). As fishes are extremely 

mobile and can move to new localities with better habitat quality. Lower number of fish in this site 

might be due to the reason that the fish have moved to a more suitable area. The reduction in water 

flow leads to water volume reduction which in turn leads to increased fish egg mortality 

(McMichael et al., 2005) and fish may move to other water bodies. As the water recovers some 

fish came to live mainly Garra species indicating the importance of water flow to fish abundance 
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and diversity. Moreover, this site had no variation in physicochemical variables except for hydro-

morphological characteristics supporting the scenario that some disturbances may cause a general 

decrease in number of individual even though other community characteristics do not change. 

Recent study by Bacha Temesgen (2018) confirmed the absence of fish in good water quality 

related to the low water volume, narrow width of the stream which is not easy for free movement 

of fishes. Therefore, total number of individuals/ha can be used to differentiate hydrologically 

altered and nutrient rich streams and rivers in Ethiopian context. 

5.5.2. Shannon diversity index (H’) 

Shannon diversity index is used to evaluate fish species diversity of streams and rivers that explains 

both variety and the relative abundance of fish species. In the present study it was used to 

differentiate sites with better water volume and waste receiving sites. Increased diversity is 

generally assumed to indicate higher quality of water and habitat in a water body (Gray, 1989). In 

the present study the highest Shannon diversity was obtained at AK site (Table 6). This is because 

the site experienced high water volume (velocity and depth) as indicated in the PCA ordination. In 

contrast LBD and TJI sites registered lower fish diversity related to waste water released from the 

Legedadi dam and water volume reduction caused by water diversion for irrigation farming 

respectively. Similar result was obtained in previous studies at which Shannon diversity was 

significantly affected due to the presence of irrigation practice (Dagnew Mequanent et al., 2021) 

and large weirs (Shewit Gebremedihen et al., 2017) in Ethiopian rivers. Water abstraction reduces 

or stops the main flows (Parineeta, 2012) which in turn affect the diversity of fish. The low 

diversity in LBD is associated to pollution which is confirmed that downstream wastewater-

impacted sites supported much lower fish diversity compared to unaffected upstream sites 

(Shamset al., 2018). Furthermore, turbidity of water in LBD site is high and spawning and feeding 

efficiencies of fishes may be seriously affected by suspended matter produced through organic 

pollution in water. 

5.5.3. Parasite prevalence 

Parasites are attracting increasing interest from parasite ecologists as bioindicators of 

environmental pollution originating from human activities due to a variety of ways in which they 

respond to such anthropogenic pollution (Mehana et al., 2020). Effects of environmental 

conditions on parasites may be positive or negative, pollution may increase parasitism and on the 

other hand it may be fatal for certain parasite species leading to decrease in parasitism (Eissa et 
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al., 2014). Pollution affects fish in different ways in pollutants which cause physiological stress in 

fish, thereby reducing disease resistance and pollutants can contribute to increasing the activity 

and number of infectious organisms, causing a higher infection pressure.  

In this study parasite prevalence was important metric to identify high nutrient site and highly 

polluted, waste water receiving sites. Negative relation was detected between fish parasite 

prevalence and pollution level in which highly polluted site, LBD recorded the least parasite 

prevalence while GIN and LAD sites had higher parasite infestation. Lower prevalence of parasites 

in highly polluted sites might be associated with the toxic effect of the pollutants released from the 

wastewater treatment plant on the parasite itself. Similar results were reported by earlier studies 

(Gheorghiu et al., 2006; Mahmoud et al., 2011) where lower rate of fish parasite prevalence was 

obtained from highly polluted sites. It is obvious that in wastewater treatment plants large amounts 

of biological waste sludge are produced with volatile suspended solids of incoming wastewater 

removed which could be released to the receiving water bodies. Furthermore, Getahun Kebede 

(2014) reported that in Legedadi water treatment plant pre-chlorination was applied to the raw 

water in order to control microorganism during water treatment process. This leads to accumulate 

high amount of chlorine and other reagents which could be released to Legedadi stream. This may 

reduce the parasite prevalence through acting as toxic agent to parasites. This is supported by some 

laboratory studies which demonstrated the negative impacts of chlorides on the survival and 

population growth of fish ecto-parasites (e.g. Nataliaet al., 2017). On the other hand, waste water 

treatment plants have potential to reduce parasites including worm and protozoa infections (Ladeia 

et al., 2018; Medeiros et al., 2019). Therefore, the reduction of fish parasites below the Legedadi 

waste water treatment plant might be related to the parasite reduction efficiency of the treatment 

plant.  

In contrast to this, GIN site with high nutrient concentration and fish density had higher fish 

parasite infestation. The presence of nutrients indicates the low-quality of the habitat as a result of 

urban wastewater runoff from Ginchi town. Consequently, fish could suffer from pathologies of 

different organs (like gills) and become more susceptible to parasites (Schlacheret al., 2007). The 

findings are partially in line with that of Ojwala et al. (2018) who reported a positive correlation 

of various parasitic assemblage and some physicochemical characteristics of pond water including 

nitrates and soluble reactive phosphates. Density of fish could also be another factor responsible 
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for the high parasite infestation. The relation between infection prevalence and population density 

of hosts is expected since higher population densities would facilitate transfer of fish parasites 

easily (Sulimanand Al-Harbi, 2016). High ecto-parasite prevalence was recorded in floating cages 

with shallow depth and high stocking density, which indicates a higher risk of infection (Kolia, 

2021). Especially in small streams fish are confined to a particular space and have little chance to 

avoid infective stages of parasites in the water column.  

5.5.4. Fish parasite intensity 

The highest parasite intensity was recorded in GIN site followed by AK site while the least was 

obtained from LBD and TJI sites (Table 4). This may be attributed to the productivity of the river 

in GIN site related to high nutrient concentration like nitrate and phosphate as described earlier. 

AK site was characterized by intensive farming in which high nutrient is expected to enter into the 

river. Relatively low value of nitrate in AK unlike GIN site is due to dilution effect caused by high 

volume of water. In contrast to this LBD and TJI sites had low parasite intensity. This could be 

due to the toxicity of pollutants as described earlier. Water pollution can effectively limit the 

occurrence of some species of fish parasites and affect their qualitative and quantitative 

composition through influencing their eggs, free living larval stages and their intermediate or final 

hosts (Popio£ek, 2001). The dominant fish parasite was black spot which negatively responds to 

conductivity. Based on previously conducted study there was a significant inverse relationship 

between black spot prevalence and intensity and conductivity/salinity in which the  parasite was 

never found in sites with conductivity >1,000 µS/cm (Erik, 2018) and could be used as 

salinity/conductivity bioindicator. Whereas lower parasite intensity in TJI site might be associated 

to short duration in which the fish exposed to parasites. The time fish spend in this site was short 

since the river water was completely dry during May and early June. As stated in other study the 

duration fish spending in water affects the prevalence and intensity of fish parasite in which smaller 

fish with small duration exposed to parasite exhibited lower number of parasites than bigger fish 

with longer duration of exposure to parasites (Ashade et al., 2013;  Marshet Adugna et al., 2018). 

In any case the pollution leads to changes in the diversity and richness of parasite communities 

and thus parasites can be used as effective indicators. Thus considering agricultural farming 

effluent, water fluctuation or discontinuity due to different barriers and pollutants released from 

reservoir parasite intensity could be important metric in streams of upper River Awash.   
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5.6. Comparison of fish and fish parasite metrics for ecological health assessment 

According to the present study the fish and fish parasite metrics were effective tools for ecological 

health assessment in upper River Awash. As shown in the Pearson correlation figure distribution 

of fish were strongly correlated with fish parasite metrics (Figure 6). For instance, number of 

individuals/ha was positively associated to parasite intensity and prevalence showing the 

importance of these metrics in determining the status of streams and rivers in upper River Awash. 

Important point that should be considered is that even if both fish and fish metrics are used for 

bioindication, their application as to where to use them should be considered since their response 

to different stressors is different. For instance, from the fish metrics diversity metrics were able to 

differentiate hydrological changes in which sites with high water volume experienced higher 

diversity while shallow sites had low species diversity. Therefore, this metric describes the 

hydrological alterations caused by different factors like water diversion for irrigation farming, 

damming and improper land use practices. The distribution of fish may vary depending on these 

factors. Fish may have a greater capacity to avoid localized disturbances, moving out of impacted 

areas or into good habitat for certain portions of their life cycle (Cooke et al., 2016). On the other 

hand fish parasite metrics were able to indicate different pollution levels along the study sites. 

Highly impacted sites had low parasite prevalence and intensity while moderately polluted sites 

had high parasite distribution.  Previous studies also confirmed the importance of fish parasites in 

biomonitoring (Mehana et al., 2020) 

5.7.1. Fish assemblage at mesohabitat level 

Habitat based distribution of fish is dependent on their interaction with local condition and some 

other hydrological characteristics. In the present study higher number of fish was recorded in riffle 

habitat. This might be due to the reason that most of the fish collected were Garra species which 

prefer fast flow water (Abebe Getahun and Stiassny, 1998). On the other hand it may be associated 

with the higher density of other commercial fish species in pool habitat which might be predators 

of Garra species. Predators inhabiting pools may drive a shift of prey into riffle habitats in order 

to avoid predation and increase their fitness. The results of the present study correspond very well 

with Ravindra and Thilina (2010) whose study confirmed the relative abundance of 

Garraceylonensis, was significantly higher in riffles than pool and run habitats. In contrast to our 

results other studies (Alemayehu Wubie et al., 2017) reported higher numbers of fish were 

collected in pool habitat.   
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5.7.2. Effect of hydrological changes on fish assemblage 

Aggregation of higher number of fish in riffle habitat is reflected in sites with high water velocity 

and depth (AK and LAD sites). This can be explained by the fact that higher water velocity collects 

debris and sediments in pool section which creates limitation of oxygen due to utilization by 

microorganisms for decomposition. The situation forces the fish to be aggregated in riffle section. 

Because riffle increases water turbulence and oxygen concentration and provide important 

microhabitat for fish. Riffles can support higher densities of benthic macroinvertebrates than pool 

habitats and are important areas of food production for fishes (Gordon et al., 2004). In the present 

study the dominant fish species belong to the genusGarra in which the majority of them are 

thought to be opportunistic feeders, with detritus forming a large proportion of their diet. They are 

primarily bottom feeders, feeding by facilities grazing over gravel or rock substrates. And such 

kinds of substrates are most likely found in riffle habitat and cause the species to aggregate in this 

section. On the other hand the site (especially AK) is characterized by limited vegetation cover 

which increases fine sediment loads imported from the catchment area and in turn reduces habitat 

heterogeneity and decrease complexity of stream substrate.  

In contrary to this, the depth of riffle in GIN and TJI sites were very shallow and fish didn’t prefer 

these habitats since they are exposed to predation. Furthermore, streams are dynamics which could 

be altered by variation in flow regimes and may dry up leaving isolated pools during the dry season 

(Taylor and Warren, 2001). Especially TJI site is small stream characterized by modification of 

water flow due to water diversion for irrigation purpose. Therefore, fish tend to aggregate into pool 

habitat with better water volume. This in turn affects the preference of fish to riffle section which 

is very shallow and concentrate to pool habitat. The effect of hydrological alterations is also 

dependent on the size of streams in which for instance, reductions in discharges affected fish 

species richness and density more severely in smaller than in larger streams (Robert et al., 2012). 

In the present study this was reflected in the fish abundance difference observed in large river (AK 

site) and small stream (TJI site) due to difference in water volume.  

Physicochemical parameters and habitat characteristics like water depth, velocity, and river bed 

width were some of the major factors affecting the distribution, abundance, and richness of fish 

species in the different habitats. In our study water velocity was the driving factor for fish 

abundance having strong correlation at 95 % of confidence interval. This is supported by other 
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studies in which depth and velocity are important factors in determining fish assemblage structure 

in rivers (e.g. Kennardet al., 2007). Some fish species like Garra, Glyptothorax and Pseudecheneis 

sp. having special adhesive organs preferred the rapid and cascade habitat, which have 

comparatively high turbulence and velocity (Singh et al. 1993). According to Felegush Erarto et 

al. (2020) Garra species showed positive correlation with water velocity.  

 Shannon diversity was relatively higher in pool habitat in general. This was in agreement with 

other studies (AlemayehuWubie et al., 2017; Solomon Tesfaye et al., 2019 and Felegush Erarto, 

2020). This is due to the fact that pool habitat support higher substrate composition and its 

suitability in terms of feed availability. On the other hand species would likely spend more time in 

pools in order to expend less energy on swimming and foraging in a high-velocity flow. However, 

evenness was lower in pool than riffle which indicates that species were less evenly distributed 

which means the pool habitat was a preferred habitat of similar species. Water depth and 

abundance of fish were factors driving diversity of fish. The significant effect of depth on fish 

distributions and assemblage composition was also shown by other studies (Guoet al., 2018). 

5.7.3. Size based distribution of fish at in pool and riffle habitats 

Based on fish size small fishes with size class of 2.5 - 4.5 cm were more abundant in pool habitat. 

This is due to less resistant ability of small sized fish in riffle section with high water velocity. In 

order to minimize the chances of being taken away by the fast currents these small sized fishes 

remain in pool habitat with less turbulent and pressure. Dominant size class fish were aggregated 

in riffle habitat due to resistant ability of the fish. The result is in agreement with Singh and Agarwa 

(2013) and Felegush Erarto et al. (2020) who confirmed the restriction of small sized fish to pool 

habitats with slow water velocity. Predation by other fish species also lead small fishes to prefer 

shaded habitat with better cobble and rock substrates (riffle) as means to hide from predators. 

6. Conclusions 

The present study was conducted to evaluate the use fish and fish parasite metrics for ecological 

health assessment in streams of upper river Awash. Considering the limited number of sampling 

frequency and our restriction to only ecto-parasites community structure as limitations of the 

present study, the following conclusions were made.  
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• The results of the present study showed that fish and fish parasite metrics were useful to 

assess ecological integrity of streams in upper river Awash.  

• Most of streams were ecologically degraded. This deterioration was largely because of 

flow modifications and waste water released from dam and urban activities. Especially 

LBD and TJI were the most impacted sits caused by waste water released from Legedadi 

dam and water diversion for irrigation practice as lower fish diversity values were recorded 

in the sites.  

• Fish metrics were more indicative for hydrological alteration while fish parasite metrics 

were best to reflect pollution caused ecological disturbances.  

• Depth, velocity, oxygen, conductivity and temperature were important variables to 

determine the distribution of fish in streams in upper river Awash. On the other hand 

nutrients like Nitrate and phosphorous were importantly considered for prevalence and 

intensity of fish parasites as revealed in the PCA bi-plot. 

• The effect of hydrological alterations of streams and rivers on habitat selectivity of fish 

was noticed in the present study. Sites with better water volume experienced higher number 

of fish in riffle while sites with low water volume registered higher number of fish in pool 

habitats. The effect was also significant in size based habitat selection of fish in which 

small sized fish were aggregated in pool section, with slow water velocity and larger fish 

were tend to prefer section with high velocity, riffle habitat.  

7. Recommendations 

Following some aspects are pointed out as a gap while using fish and fish parasites as 

biondicatorsand possible direction as a recommendation for future research topicis given in the 

biomonitoring thematic area 

• The dominant Garra species has bioindication potential to different ecological 

disturbances. However, unlike other biomonitoring groups (like benthic 

macroinvertebrate) information (as a reference) on the tolerance score of each species is 

very limited due to the absence of strong fish database in the country and makes the 

monitoring study somewhat challenging and needed to be prior research topic in the future. 
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• The Black spot metacercariaeis the dominant parasite with bioindication potential for 

different pollution level. The response of this parasite to other kind of pollution should be 

tested for further application in biomonitoring. 

• Ethiopia is one of the developing countries with agricultural led industrialization economy 

that encourage the development of big irrigation projects. On the other hand there is a 

growing interest in expanding dams related to hydroelectric power generation. All these 

activities have detrimental effect on the distribution of fish in rivers and streams lead to 

flow modification of streams and rivers that have detrimental effect on the distribution of 

fish in streams in Upper River Awash have experienced. Therefore, such kind of 

developmental activities should be done in a manner that maintains the integrity of streams 

and rivers in the country. 

• Internal fish parasites should be included in the further parasite based biomonitoring 

research work in the country 
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Appendices 

APPENDIX 1: Some laboratory activities 

 

A. Nutrient analysis at NFALRC laboratory 
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B. Fish specimen collected ready for parasites identification  

 

 

C. Fish parasite identification and counting  

APPENDIX2: Hydrological changes in Teji site observed during field survey  
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Dried Teji site during early April  

 

Isolated pool observed during field survey Water flow observed during May 


	Acknowledgements
	Abstract
	1. Background of the study
	1.1. Statement of the problem
	1.2. Research questions
	1.3. General objective
	1.4. Specific objectives
	1.5. Significance of the study
	1.6. Limitations of the study

	CHAPTER TWO
	2. Literature review
	2.2.  Effect of hydro-morphological alteration on fish assemblages
	2.3. Other factors affecting fish assemblage in water bodies
	2.4. Major stressors in Ethiopian rivers and streams
	2.5. Fish as bio-monitoring organism
	2.5.1. Fish as heavy metal indicator
	2.5.2. Fish as a habitat degradation indicator
	2.5.3. Fish as deoxygenation indicator
	2.5.5. Diversity indices
	2.5.6. The Index of Biotic Integrity


	CHAPTER THREE
	3. Materials and methods
	3.1. Description of the study sites
	3.3. Site selection

	Figure 1: Map of the study area indicating the locations of sampling sites. (Where GIN- Ginchi, TJI- Teji, AK-Awash Kunture, LBD-Legedadi below the dam and LAD-Legedadi above the dam)
	Table 1: Sampling sites with GPS coordinates (in degree decimal) in the upper River Awash.
	3.4. Field sampling and data collection
	3.4.1. Environmental parameters
	3.4.2. Fish and fish parasite sampling
	3.4.3. Laboratory analysis
	3.4.3.1. Physicochemical determination
	3.4.3.2. Identification of parasites


	3.5. Data analysis
	3.5.1. Abundance and diversity of fish
	3.5.2. Species evenness Index (J')
	3.5.3. Prevalence and intensity of fish parasites


	CHAPTER FOUR
	4. Results
	4.1. Physico-chemical and hydro-morphological parameters

	Table 2: Hydro-morphological and physicochemical variables recorded in streams of the upper Awash River.
	4.2. Fish community structure in upper River Awash
	4.3. Fish parasites structure in streams of upper River Awash

	Figure 4: Occurrence of external parasites in fish. A) Black spot metacercaria infestation on G. dembecha. B). Clinostomum sp. at the lower part of Garra sp.
	4.4. Fish metric selection and calculation
	4.5. Correlation analysis between metrics and environmental variables
	4.6. Relation between fish metrics and parasite metrics
	4.7. Multivariate analysis
	4.8. Fish distribution at mesohabitat level
	4.8.1. Relation between hydrological changes and size based fish distribution


	CHAPTER FIVE
	5. Discussion
	5.1. Environmental parameters
	5.2. Fish community structure in upper River Awash
	5.3. Monthly variation of fish composition in upper River Awash
	5.4. Fish parasite community structure
	5.5. Important metrics for ecological health assessment in streams of upper river Awash
	5.5.1. Total number of individuals /ha
	5.5.2. Shannon diversity index (H’)
	5.5.3. Parasite prevalence
	5.5.4. Fish parasite intensity

	5.6. Comparison of fish and fish parasite metrics for ecological health assessment
	5.7.1. Fish assemblage at mesohabitat level
	5.7.2. Effect of hydrological changes on fish assemblage
	5.7.3. Size based distribution of fish at in pool and riffle habitats


	6. Conclusions
	7. Recommendations
	8. References

