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Abstract

Dire and Legedadi reservoirs are the most important freshwater bodies used as surface water sources for the city of Addis Ababa. They are however, facing pollution problem owing to their establishment near fast-growing towns, industrial activities, and intensification of agriculture and the associated application of fertilizers within their catchment areas. Information on physicochemical and biological parameters of the reservoirs is required to manage their living resources and determine their suitability for drinking purpose. In this study, the seasonal and spatial dynamics of physicochemical and biological water quality parameters were therefore, investigated at monthly intervals during 5 months and 2 months of 2018 at three study Sites (Sites 1, 2 and 3) in Dire and Legedadi reservoirs, respectively. All physicochemical and biological parameters were determined with standard methods. Both reservoirs were characterized by unusually high turbidity (19.43-657NTU) throughout the study period mainly due to sediment input through runoff and wind-induced re-suspension of sediment particles. Water transparency of both study reservoirs was extremely low and showed seasonal variations with mean values ranging from 7.2 to 7.6cm (Dire Reservoir) and 4 to 6.5cm (Legedadi Reservoir). The values of water temperature recorded in the present study varied between 15.7 and 21oC. The pH in both study reservoirs was nearly alkaline (6.23-9.2) for most of the sampling months. Higher values were recorded for the concentration of most of the inorganic algal nutrients indicating the nutrient enrichment. Although TDS values were within the range that drinking water should have, high values were recorded throughout the study period. The unusually high turbidity (low water transparency) seems to be the major cause for the deterioration of the water quality in the reservoirs. The phytoplankton community was constituted by five taxa (Cyanophyceae, Chlorophyceae, Bacillariophyceae, Euglenophyceae, and Cryptophyceae) comprising 30 spp. with the dominance of Cyanophyceae including Microcystis aeruginosa, which are associated with public health risk. The zooplankton community comprised three major taxa (Rotifers, Copepods, and Cladocerans, consisting of 20 spp.) with copepod dominance. In general, the hypereutrophic condition in both reservoirs, which was suggested by the estimated TSI values, is indicative of the fact they are suffering from water quality deterioration associated primarily with the high turbidity and nutrient enrichment linked to human disturbance. In addition, the estimated WQI values placed Dire (57.6-73.65) and Legedadi (39.14 - 43.78) reservoirs under the categories of medium and bad water quality, respectively. The results of the present study seem to suggest the urgency of the need to develop workable strategies of restoration and protection from further degradation of the water quality of both reservoirs through catchment-based management since they together cover about 80% of the water demand of the capital and minimize the cost of water treatment and from the results of the present study a year round (seasonal) study is recommended in order to have a full information on the limnology of those reservoirs.
Keywords: Dire Reservoir, Legedadi Reservoir, Phytoplankton, Trophic status index, Water quality index, Zooplankton. 
1. Introduction
1.1 Background and Justification
Freshwater is the basic requirement for life and a limiting natural resource directly related to the sustenance of human beings and other living organisms. The major sources of freshwater commonly used by living organisms are rivers, lakes, and reservoirs. Reservoirs are formed or modified by human activity for specific purposes, to provide a reliable and controllable water resource (Thornton, 1987). As Reservoir ecosystems are found in the intermediate position between riverine and lacustrine environments, they are called “river–lake hybrid” systems (Wetzel, 2001). Reservoirs are an essential component of most irrigation systems, industry and domestic use, power generation, flood control, and surface water harvesting, which retain a large volume of water worldwide. Reservoirs have the potential to play an important role in fish production contributing significantly to the livelihoods of riparian communities (Adamneh Dagne and Fasil Degefu, 2007).

Although the geographical location of Ethiopia and its favorable climate provides a relatively higher amount of rainfall in the region, there is uneven spatial and temporal occurrence and distribution of water resources in the country and much of the water flows across the borders being carried away by trans-boundary rivers to the neighboring countries (EMWR, 2001). Pollution of water bodies in Ethiopia is the other main problem for fishing, irrigation, and drinking water (Yesehak Worku et al., 1999). Although the extent and severity of water pollution are different in different parts of the country, Ethiopia is facing the problem of water quality degradation especially in surface and shallow groundwater systems. Being the socio-political and industrial center of the country, the capital Addis Ababa and its suburbs are severely affected by the problem of water pollution (Abdulshikur Mohammed, 2007).

Degradation of water quality arises due to natural processes in that water as a universal solvent can dissolve many substances, be it organic or inorganic compound. With this outstanding property, nevertheless, it is almost impossible to have water in its pure form since it cannot be held up in a vacuum (Bernard and Ayeni, 2012; Patil et al., 2012) and also due to the anthropogenic activities that render it unsuitable for the intended uses. The fast population growth, urbanization, and industrialization, poor sanitation situation, uncontrolled waste disposal cause serious water quality degradation of surface and groundwater sources (Khan et al., 2005). Dire and Legedadi reservoirs, the subject of the present study, are not an exception.

Although the definition of water quality depends on the purpose of the use of the water, it is mostly based on the biological, chemical, and physical elements of water and their interactions  (Taner et al., 2011). Water quality becomes a critical factor affecting human health and wellbeing, with its deterioration and associated waterborne diseases which could lead to death (Patil et al., 2012). Therefore, it is essential and important to test the quality of water before using for drinking, domestic, agricultural or industrial purposes using different physicochemical and biological parameters 

Besides the different physicochemical and biological parameters of water quality assessment, the concept of water quality index (WQI) was introduced by Horton (1965), in the United States in order to provide a comprehensive but easy methodology of assessment and evaluation of water quality. It provides a single value of the water quality status for a surface water resource by translating the sample constituents and concentrations of other assessment methods (Abbasi and Abbasi, 2012). This index has been widely applied and accepted in European, African (Yirga Enawgaw and Brook Lemma, 2018b), and Asian countries 
 ADDIN EN.CITE 

(Tyagi et al., 2013; Dehghani et al., 2018)
. 

The other method which can also characterize water quality is through developing a Trophic Status Index (TSI), where the trophic state of a lake or reservoir refers to its nutrient enrichment, particularly concentration of nitrogen and phosphorous. The concept of trophic status as a system of lake classification was introduced by early limnologists and has been subject to continuous development 
 ADDIN EN.CITE 

(Vollenweider, 1968; 1970; Carlson, 1977; Matthews et al., 2002; Cunha et al., 2013; Barki and Singa, 2014)
. 
In Ethiopia, water quality, physicochemical and biological studies have been done primarily on natural ecosystems particularly on lakes 
 ADDIN EN.CITE 

(Demeke Kifle and Amha Belay, 1990; Elizabeth Kebede et al., 1992; Elizabeth Kebede and Amha Belay, 1994; Elizabeth Kebede and Willén, 1998; Girma Tilahun and Ahlgren, 2010; Tadesse Fetahi, 2010; Tadesse Fetahi et al., 2011; Girum Tamire and Seyoum Mengistou, 2013; 2014; Tadesse Fetahi et al., 2014; Tadesse Fetahi and Seyoum Mengistou, 2014)
. However, our understanding and knowledge of the limnology and water quality of reservoirs is limited and there are few studies available in the country regarding the limnological aspects of reservoirs 
 ADDIN EN.CITE 

(Melaku Mesfin et al., 1988; Melaku Mesfin and Amha Belay, 1989; Adane Sirage, 2006; Hadgembes Tesfay, 2007; Fasil Degefu et al., 2011; Feyisa Girma, 2011; Lelisa  Gemechu, 2011)
. Dire and Legedadi reservoirs, the subject of the present study, are not an exception. The impact of human population on surface and groundwater is increasing with the development of industry and the rapid growth of the human population in the city of Addis Ababa. Intensive cultivation and socioeconomic pressure have increased the rate of soil erosion in the watershed that aggravates pollution of the reservoirs 
 ADDIN EN.CITE 

(Lelisa  Gemechu, 2011; Adane Sirage and Demeke Kifle, 2017; Birhanu Hailu, 2017)
. Although Dire and Legedadi reservoirs provide more than 80% of drinking water demand of the capital city, Addis Ababa (Adane Sirage and Demeke Kifle, 2017), little has been studied on their limnology and water quality.

The aim of the present study was, therefore, to assess the key drivers of water quality deteriorations as well as the Water quality index and trophic status index of Dire and Legedadi reservoirs to characterize the current condition of both drinking water reservoirs. 

1.2 Statement of the problem
In spite of the fact that freshwater bodies are very limited and sensitive resources that need proper care and management, they are probably the most used and abused natural resources. So far, there is no systematic water quality assessment program in Ethiopia. The few reports and studies made have shown that several reservoirs including Dire and Legedadi are facing pollution problem owing to their establishment near the fast-growing towns, industrial operations, and agricultural intensification within their catchment areas and associated application of fertilizers (Adane Sirage, 2006; Lelisa  Gemechu, 2011). Although Dire and Legedadi reservoirs are the most important freshwater bodies used as surface water sources for the city of Addis Ababa, intensive cultivation and socioeconomic pressure for more land have increased the rate of soil erosion in their watersheds thereby aggravating pollution of the reservoirs. 

Basic information on physical, chemical and biological aspects of reservoirs is important to evaluate and manage the living resources in reservoirs and to assess the quality and suitability of the water for drinking purpose. Since the two reservoirs are very important surface water sources that supply more than 80% of the drinking water for the capital city studies should be conducted continuously for monitoring the quality of water from those reservoirs but, little have been done on the limnology and water quality status of Dire and Legedadi reservoirs except some studies conducted before particular years by some authors. It is, therefore, imperative to investigate the physicochemical, biological, and further water quality parameters of reservoirs to understand the consequences of management actions and the importance of ecological processes on a long-term basis.
1.3 Objectives of the study
1.3.1 General objective
· To assess the present water quality and trophic status of Dire and Legedadi reservoirs for safe and sustainable use of the water resources.
1.3.2 Specific objectives
· To assess the physicochemical and nutrient concentrations (levels) of the water in Dire and Legedadi reservoirs.
· To determine phytoplankton species composition, abundance, and biomass in Dire and Legedadi reservoirs.
· To determine zooplankton species composition and abundance in Dire and Legedadi reservoirs.
· To examine the trophic status of the two reservoirs using a trophic status index.
· To examine the water quality indices of both Dire and Legedadi reservoirs based on some selected water quality parameters.
1.4 Limitations of the study
Legedadi reservoir was sampled only two times because of time and budget constraints, which precluded comparison and drawing of conclusion as a whole. In addition to the above-mentioned challenges there was lack of prior information on morphological characteristics of Dire Reservoir.
1.5 Significance of the study
Studies on the trophic status and other limnological features of drinking water reservoirs are important to ensure the supply of an acceptable quality of drinking water for the public and design sound management strategies. Since very few studies are available, especially on the limnology and water quality aspect of Dire reservoir, the information from this study will provide baseline information for other researchers and serve as an alarming signal for all concerned bodies as to the need to design a management plan and take corrective actions.
2. Literature Review
Despite their importance and availability in short supply, the quality of freshwater water resources is also deteriorating because of different human-induced activities in addition to the rapid growth of human population, which has resulted in adverse impacts on water resources and the emergence and rapid growth of water pollution problems (WHO, 1996). Ethiopia is rich in inland water resources, consisting of both natural water bodies such as rivers and lakes and man-made water bodies, which may provide good opportunities for comparative limnology due to the considerable variations in their morphometric, physical and chemical features. But, the quality of these water resources is being degraded because of different anthropogenic activities (Nigatu Ebisa, 2010). As water quality is an index of water pollution, assessing water quality parameters is a baseline for monitoring freshwater environments. The voluminous literature on water quality reflects the dynamic nature of water quality deteriorating parameters (Chapman, 2002). It is, therefore, very crucial to test the water before using it for different purposes and the selection of parameters for testing water quality solely depends upon for what purpose we are going to use that water and to what extent we need its quality and purity. An attempt will be made to have a brief look at the most commonly tested parameters of water quality in the next paragraphs.
2.1 Physicochemical parameters
Testing the physicochemical parameters of water is one of the methods employed in water quality assessment. Assessing water quality using the physicochemical properties gives a good impression of the status, productivity, and sustainability of such water body (Patil et al., 2012). The changes in physical and chemical characteristics like temperature, transparency and chemical constituents of water such as dissolved oxygen and the associated parameter,  chemical oxygen demand, nitrate, and phosphate provide valuable information on the quality of the water, the sources of variations and their impact on the function and biodiversity of the water body (Venkatesharaju et al., 2010). Therefore, assessing the different physicochemical characteristics of water bodies is mandatory for continuous monitoring and sustainable utilization of water resources.
2.1.1 Light
The most important physical factor that is important in determining the quality of water in reservoirs is light. It affects the temperature, potential photosynthesis, and dissolved oxygen. Latitudinal, seasonal and diurnal gradients affect the amount of light that surface water absorbs   (Wetzel and Mann, 1995). The quantity and quality of light in the water column of a water body changes because of changes in water transparency-a measure of the vertical extent in a water column to which light penetrates. The replacement of forest with agricultural lands and urbanization can have significant effects on watershed hydrology and riparian functions thereby decreasing water quality, which is generally reflected by reduced water transparency (Webb and Jung, 1992). Thus, human activities such as shoreline modification and diversion of rivers into lakes and reservoirs lead to the introduction of materials, which may be dissolved or suspended in the receiving water. The introduced materials prevent the penetration of adequate light, an important variable that controls phytoplankton growth and biomass. Secchi disk is the standard tool used for measuring water transparency and monitoring inland waters along with other chemical and biological parameters like phosphorous and chlorophyll-a, which indicate the current status of the lake and long-term changes in their limnological features. The Secchi disk readings are semi-quantitative measures of water transparency since a variety of factors such as time of the day, sky and water surface conditions, and differences between observers will result in varying values for the same location (Walker et al., 2007). Thus, water transparency in a reservoir depends on the turbidity of the Reservoir water.
2.1.2 pH
pH is an important variable in water quality assessment because it determines the chemical and biological properties of water. pH, which determines the acidic or basic property of water, is a vital characteristic of any aquatic ecosystem since all the biochemical activities and retention of physicochemical attributes of the water are greatly dependent on pH of the surrounding water (Makhlough, 2008). The level of pH in water bodies is controlled by the balance between carbon dioxide, carbonate, and bicarbonate ions. A higher value of pH more than 8.5 is recorded in waters with high organic content and eutrophic condition (Kalff, 2002). Although pH usually has no direct impact on consumers, it is one of the most important operational water quality parameters. Low pH levels cause severe corrosion of metals in the distribution systems while high pH values result in a progressive decrease in the efficiency of the chlorine disinfection process (WHO, 2011). 
2.1.3 Dissolved Oxygen (DO)
Oxygen becomes dissolved in surface water by diffusion from the atmosphere and from aquatic-plant photosynthesis. DO is essential to all forms of aquatic life and for high-quality water. It oxidizes many sources of objectionable tastes and odors. The DO content of natural water is affected by photosynthetic and respiratory activities, temperature, pressure, salinity, and turbulence. An extreme input of organic matter from sewage decreases DO concentration in the reservoir (Makhlough, 2008). The concentration of DO in water is influenced by the source, raw water temperature, the treatment process and the chemical or biological processes taking place in the distribution system (WHO, 2011). The concentration of DO indicates the degree of pollution in water bodies. Aquatic life gets distressed when DO levels drop to 4-2 mg/l and as DO level falls, the resulting undesirable changes in odor, taste, and color reduce the usefulness of the water (Francis-Floyd, 2008).
2.1.4 Temperature
In an established system, the water temperature controls the rate of all chemical reactions and affects fish growth, reproduction and immunity. High water temperature, in the rift-valley areas of Ethiopia, is one of the main factors for higher TDS, through the facilitation of elemental transformation into a dissolved form from host rocks and high rate of evaporation (Abdulshikur Mohammed, 2007). High water temperature enhances the growth of microorganisms and may increase taste, odor, and color problems of drinking water (Momba et al., 2006). Temperature affects the physical, chemical and biological processes in water bodies and, therefore, the concentration of many variables (Makhlough, 2008). The metabolic rate of aquatic organisms is also related to temperature, with respiration rates increasing and subsequently leading to increased oxygen consumption and decomposition of organic matter in warm waters (Chapman, 2002). Through its effect on the density of water, temperature also determines the stability of the water column in a reservoir by causing mixing/stratification. It is desirable if the temperature of drinking water does not exceed 15oC because the palatability of water is enhanced by its coolness (WHO, 1996). Temperature above 15oC can speed up the growth of nuisance organisms such as algae, which can intensify taste, odor, and color problems in drinking water.
2.1.5 Electrical conductivity (EC)
Electrical conductivity (EC) is a useful indicator of total dissolved solids (TDS) because the conduction of current in an electrolyte solution is primarily dependent on the concentration of ionic species (Hayashi, 2004). Most natural waters contain dissolved ions (atoms or molecules possessing a charge) derived from the water's interaction with soil, bedrock, atmosphere, and biosphere. As a result of these ions, water is able to conduct electricity. EC is widely used for monitoring the mixing of freshwater and saline water, separating stream hydrographs, and geophysical mapping of contaminated groundwater (Hayashi, 2004). Higher levels of EC result in an increase in the corrosive property of water. Therefore, information on the conductivity level of water bodies is important in order to understand the accumulation of ions in that particular water body. EC is also a surrogate for salinity, which influences the osmotic environment of organisms. Abrupt changes in salinity as a result of the introduction of industrial effluents containing high levels of salts can lead to the disappearance of freshwater phytoplankton (Wetzel, 2001). 
2.1.6 Turbidity
The other physicochemical parameter that affects water quality is turbidity. Turbidity is a measure of how particles suspended in water affect water clarity. Turbidity depends largely on total suspended solids constituted by algae, algal detritus or inorganic sediment, which attenuate light and reduce water transparency (Dodds, 2002; WHO, 2011). Typically, it increases sharply during and after rainfall, which causes sediment to be carried into the creek. It is, therefore, an important indicator of suspended sediment and erosion levels. Long-term changes in the composition and concentration of suspended solids can have potential cumulative effects on aquatic ecosystems in a multitude of ways (Newcombe and MacDonald, 1991). As turbidity increases, it reduces the depth of sunlight penetration, thereby altering water temperature and stratification, the photosynthesis of aquatic organisms, the DO content of the water body, and the cost of water treatment. In addition, turbid water may contain particles of soil or fecal matter that harbors microorganisms and/or carries adsorbed contaminants (Dissmeyer, 2000). Adane Sirage and Demeke Kifle (2017) stated the high levels of turbidity in Legedadi reservoir as a reason for lower transparency that can create a favorable condition for nuisance algal blooms and makes the treatment process very expensive in terms of high chemical consumption and lowers the efficiency of the treatment plant. Similarly, a study by Nigatu Ebisa (2010) on Geffersa reservoir revealed higher turbidity level as the major perturbing aspect.
2.1.7 Nutrients
Nitrogen and phosphorus are the primary macro-nutrients that enrich freshwaters and cause nuisance levels of algae (algae blooms) that can frequently impact the aesthetic qualities of a lake. Factors that allow plankton biomass to accumulate (like adequate light, sufficient water retention time, the absence of loss due to grazing by zooplankton and other organisms) alone, will not result in high biomass of phytoplankton without sufficient nutrient availability. The availability of nutrients depends on the mixing of the water column (Tadesse Ogato, 2007). Nitrogen and phosphorus exist in aquatic systems in many different forms, only some of which can be used by algae and aquatic plants. Therefore, in assessing the limiting nutrient in a water body or evaluating the control of nutrient input to a water body, it is essential to consider the forms in which the N and P exist in the loading sources and water body. Forms of nitrogen available to algae are nitrate, nitrite, ammonia and, after conversion to ammonia, some of the organic nitrogen. Under limited circumstances, some blue-green algae can fix (utilize) atmospheric nitrogen gas (N2) that is dissolved in water and use it as a source of nitrogen for growth. Soluble orthophosphate is the form of phosphorus that is available to support algal growth (Kim et al., 2005). In fresh water, reducing the input of nutrients, especially phosphorus and nitrogen enables us to control eutrophication (Kalff, 2002; Tadesse Ogato, 2007).
2.1.8 Total solids (TS)
TS refer to both total suspended solids (TSS) and total dissolved solids (TDS). TSS is the non-filterable residue, whereas TDS refers to the filterable residue. Water with high levels of dissolved solids generally is of inferior taste and may induce an unfavorable physiological reaction in the transient consumer. WHO (2011)recognized water with a total dissolved solids (TDS) level of less than about 600 mg/l as good; drinking-water becomes significantly and increasingly unpleasant at TDS levels greater than about 1000 mg/l. The presence of high levels of TDS may also be objectionable to consumers owing to excessive scaling in water pipes, heaters, boilers, and household appliances. Suspended matter consists of silt, clay, fine particles of organic and inorganic matter, soluble organic compounds, plankton, and other microscopic organisms. Waters high in suspended solids may be esthetically unsatisfactory for such purposes as bathing. TSS prevents the penetration of sunlight into the water column and hence has a negative effect on the primary production of phytoplankton by reducing the euphotic depth and making the water turbid (Mwaura, 2003; Liu et al., 2014). Therefore, the study on the concentration of TS gives information on the quality and productivity of the water body under consideration (Patil et al., 2012).
2.2 Biological parameters
2.2.1 Phytoplankton species composition and diversity
Reservoirs are seen as favorable environments for the development of plankton communities, which may establish diverse assemblages in relatively short periods of time after impoundment (Barbosa et al., 1999). Knowing the plankton communities of a reservoir is of paramount importance to provide data for management guidelines for the reservoir's water quality assessment and monitoring its fisheries (Anneville et al., 2002). Plankton are important components of the aquatic food web. The plankton includes phytoplankton and zooplankton. Phytoplankton form the foundation of the aquatic food web and are important indicators of the productivity and environmental change of aquatic environments due to their quick response to changes in environmental pressures such as nutrient availability (Reynolds, 2006; Gorde and Jadhav, 2013). Their productivity and composition are influenced by the spatial and temporal dynamics of environmental factors. Nutrients, underwater light, climate, temperature, pH, water clarity, dissolved oxygen, biological components and wind-induced mixing/thermal stratification of water columns are some of the major dynamic water quality parameters that bring about the dynamics of phytoplankton (Reynolds, 1984). Phytoplankton species are important in the assessment of water quality because they provide useful information on trophic state and quality of water bodies (Kalff, 2002). According to Reynolds (1984) Cyanobacteria have been recognized as a major symptom of eutrophication in fresh waters as their blooms are prevalent in waters affected by cultural nutrient enrichment.
Different factors can influence the growth of phytoplankton resulting in the dominance of different phytoplankton taxa (Dilnessa Gashaye, 2016). The succession of different phytoplankton populations is dependent on the degree to which they can adapt to changes in the critical environmental factors such as nutrients, sedimentation, light, and turbulence (Smayda, 1980). Turbulence is a major factor in determining the structure, organization, and succession of phytoplankton communities. A number of observations have established that flagellate species tend to predominate in stratified waters while diatoms characterize waters that are more turbulent (Reynolds, 1984). Such observations verified the general view that the thermal regime of water mass influences the species composition of phytoplankton (Talling, 1998). The study of changes in phytoplankton biomass, species composition and primary production in water bodies is, therefore, fundamental for understanding of both water quality and fisheries.
Chlorophyll-a is the most-often used estimator of algal biomass in an aquatic system. Different types of chlorophyll can be found in photoautotrophs such as chlorophyll a, b, c, and d but Chlorophyll-a is the pigment found in all photosynthetic algae (Wetzel, 2001) and other green plants. The concentration of chlorophyll-a is therefore commonly used as a measure of the density/biomass of the algal population in reservoirs. It absorbs sunlight and converts it to energy, which is used to produce algal biomass during photosynthesis. Its concentration can be an effective measure of the trophic status. As such chlorophyll-a concentration can be used as a proxy to determine the extent of eutrophication (Chapman, 2002). 
2.2.2 Zooplankton species composition and diversity
Zooplanktons are myriads of diverse floating and drifting animals with a limited power of locomotion. The zooplankton plays an important role in the study on the faunal biodiversity of aquatic ecosystems (Goswami, 2004). There are numerically few crustacean and rotifer taxa that form the major component of the zooplankton community of reservoirs. Rotifers are known to be richer than cladocerans and copepods in tropical water bodies (Rocha and Sendacz, 1995). The dominance of rotifers in terms of species richness and abundance seems to be a common pattern in tropical water bodies (Fasil Degefu et al., 2011). Rotifers can ingest small particles (such as bacteria and organic detritus), which are abundant in eutrophic ecosystems. Rotifer dominance in reservoirs can also be related to their opportunistic nature. According to Goswami (2004), zooplankton are more varied as compared to phytoplankton and their variability in any aquatic ecosystem is influenced mainly by patchiness, diurnal vertical migration and seasons. Zooplankton organisms play a key role in the pelagic food web by controlling phytoplankton production both by direct grazing (top-down) and by nutrient recycling (bottom-up) processes and also they are important indicators of water quality. They transfers the organic energy produced by algae through photosynthesis to higher trophic levels such as pelagic fish (Adamneh Dagne, 2004).
2.2.3 Microbiological Analysis
The greatest danger associated with drinking water is that it may have recently been contaminated by sewage or by human excrement; even the dangers of animal pollution must not be overlooked. According to Chattopadhyay and Banerjee (2007), total coliforms (TCs) are Gram-negative, nonspore forming and rod-shaped bacteria that can ferment lactose with gas and acid production within 48hrs at 35oC. Not all TCs are of human or animal origin, but they may be of fecal origin. So, they are used as an indicator of the bacterial treatment efficiency of treatment plants of drinking water. A total bacterial count is a reliable indicator as the number of bacteria present in the water sample depends upon the degree of contamination. Coliform bacteria are a reliable indicator of organic pollution as they are unable to survive in clean water beyond a limited time. Another reason is that other bacteria like E.coli are unable to multiply outside the body of human and other warm-blooded animals (Herrmann et al., 2003). According to WHO (2011), fecal coliforms (FCs) are thermo-tolerant bacteria that can ferment lactose with gas and acid production within 48hrs.at44.5°c. The presence of FC bacteria in aquatic environment indicates that the water has been contaminated with the fecal material of man or other animals. FC bacteria can enter water bodies through direct discharge of waste from mammals and birds, from agricultural and storm runoff, and from untreated human sewage.
2.3 Trophic status index (TSI)
Trophic status refers to the level of productivity in a lake as measured by phosphorous, algal abundance and depth of light penetration. TSI rates individual lakes, ponds, and reservoirs based on the amount of biological productivity occurring in the water. Determining a lake's trophic condition is an important step in the scientific assessment of a lake because of the powerful predictive statements that can be made describing abiotic and biotic relationships once the trophic state is known (Matthews et al., 2002). A trophic state index for temperate lakes was proposed by Carlson (1977), considering empirical relationships among Chl-a, total phosphorus (TP) and Secchi disk depth (ZSD). This index has been frequently used by researchers and government institutions to indirectly estimate the algal biomass and indicate the eutrophication degree of lentic systems. However, the relationships and the equations for calculating the index should be adapted when applied to aquatic systems different from those for which the Carlson's trophic state index was developed; otherwise, they can lead to misconceptions when proceeding to trophic status assessment (Lamparelli, 2004). Thus, an adaptation of Carlson (1977) TSI for tropical environments was proposed by Lamparelli (2004). The method is still based on the concentrations of TP and Chl-a. The formulae for the reservoir's TSIs (Lamparelli, 2004):
                       TSI (Chl-a) =[image: image2.png]10x (6- (052 — 034 xIn[chi-al)
oz




                       TSI (TP) =[image: image4.png]10 X (6 - (177 — 042 xIn [TP]))
oz




Where; [Chl-a] is the chlorophyll-a concentration in μg/L,

             [TP] is the total phosphorus concentration in μg/L, and ln is the natural logarithm.

The TSILamp is the simple arithmetic average of the indices for Chl-a and TP:

                            TSI Lamp = [image: image6.png]TSt (Chla) * TSI (TP)




Table 1: TSI classification (Lamparelli, 2004)
	TSI value
	Classification

	TSI ≤ 47
	Ultra oligotrophic

	47 < TSI ≤ 52


	Oligotrophic

	52 < TSI ≤ 59


	Mesotrophic

	59 < TSI ≤ 63
	Eutrophic

	TSI > 67
	Hyper eutrophic


2.4 Water Quality Index (WQI)
Initially, WQI was developed by Horton (1965), in the United States by selecting 10 most commonly used water quality parameters like dissolved oxygen (DO), pH, coliforms, specific conductance, alkalinity, and chloride, etc. and has been widely applied and accepted in European, African and Asian countries (Tyagi et al., 2013). WQI is a composite of parameters affecting the quality of water and used to summarize the water quality in a single score. The use of this type of index to grade water quality has been a controversial issue among water quality scientists, as a single number may not tell the whole story of water quality. However, using a WQI has certain benefits, which has made it quite popular in water quality management practices. For example; the index takes scientific information and computed and presented in a way that is easily understandable (Tyagi et al., 2013). Although the different indices are being used globally, no index has so far been universally accepted and the search for more useful and universal water quality index is still going on, so that water agencies, users and water managers in different countries including Ethiopia may use and adapt it with little modifications (Tyagi et al., 2013). The following are the most commonly used water quality indices that have been formulated by several national and international organizations with their water quality ratings (Table 2).
Table 2: Water quality ratings based on the different water quality indices.

	National Sanitation Foundation Water Quality Index (Brown et al., 1970)

	WQI Value
	Rating of Water Quality

	91-100
	Excellent water quality

	71-90
	Good water quality

	
	

	51-70
	Medium water quality

	26-50
	Bad water quality

	0-25
	Very bad water quality

	Canadian Council of Ministers of the Environment Water Quality Index (CCME, 2001)

	95-100
	Excellent water quality

	80-94
	Good water quality

	60-79
	Fairwater quality

	45-59
	Marginal water quality

	0-44
	Poor water quality

	Oregon Water Quality Index (Dunnette, 1979)

	90-100
	Excellent water quality

	85-89
	Good water quality

	80-84
	Fairwater quality

	60-79
	Poor water quality

	0-59
	Very poor water quality


3. Materials and Methods
3.1 Description of the study area
The Reservoirs under investigation are Dire and Legedadi, situated at about 30 km northeastern part of Addis Ababa, the capital of Ethiopia (Fig.1). Both Dire and Legedadi reservoirs are single purpose reservoirs in that they were commissioned in 1999 and 1967, respectively, to supply drinking water for the inhabitants of Addis Ababa city. Some geographic and morphometric features of both Dire and Legedadi reservoirs and their catchment areas are given in Table 3.  The catchment area of Dire reservoir is a typical periurban highland occupied by many inhabitants whose livelihoods are predominantly rain-fed agriculture and livestock rearing. Much of the natural vegetation (which is only 11%) in the catchment area has been destroyed by extensive cultivation and human settlement and has been replaced with Eucalyptus globulus plantation, which covers about 1000-1200 ha (Lelisa  Gemechu, 2011). The soil type of the Dire watershed is typically silty loam and is severely eroded (Israel Tessema, 2011). Dire River is the major feeder river of Dire Reservoir.
Table 3: Some geographic and morphometric features of Dire and Legedadi reservoirs.
	Parameters
	Recorded values
	Source

	
	Dire
	Legedadi
	

	Latitude
	09.158oN 
	09.068o N
	Present study

	Longitude
	038.936oE
	038.45oE
	

	Altitude (m a.s.l.)
	2542
	2456
	

	Area [ha (Km2)]
	-
	452 (200)
	Lelisa  Gemechu (2011)
Israel Tessema (2011)
Adane Sirage and Demeke Kifle (2017)

	Maximum depth (m)
	-
	34
	

	Mean depth (m)
	-
	4
	

	Volume (m3)
	19 × 103
	50 × 103
	

	Catchment area (Km2)
	77.7 
	207.3 
	

	Catchments altitude (m a.s.l)
	2456 - 3229
	2460-3200
	


The catchment area of Legedadi Reservoir is characterized by basaltic rock and falls totally within cultivated lands. In the north, the catchment is mountainous with dissected very steep side slopes and rugged topography. The soil is reddish containing iron compounds from the bedrock (Elias Altaye et al., 1988). The majority of the catchment soil is colluvial and alluvial, which are water-logged. There are four major sub-catchment areas of the major river systems, namely Lege Bori, Lege Doyo, Lege Bolo, and LegeJila (Adane Sirage, 2006). Demeke Kifle (1994)identified 22 spp. of phytoplankton in Legedadi Reservoir and the development of nuisance algal blooms of Anabaena spp., Chroococcus turgidus (Kutz.) Näg and Microcystis aeruginosa (Kutz.) Kutz was reported as responsible spp. for undesirable taste and odour (Melaku Mesfin and Amha Belay, 1989). A study conducted on zooplankton spp. of Legedadi Reservoir reported cyclopoid [image: image28.emf]Months
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copepods as the most dominant groups (Habte Jebessa, 1994).
Figure 1: Map of the study reservoirs with sampling sites indicated.
3.2 Meteorological data
Meteorological variables (mean monthly rainfall and mean monthly air temperature) for Dire and Legedadi reservoirs obtained from the National Meteorological Services at Kotebe and Sendafa stations exhibited temporal variations (Fig.2). The area gets about 600-1300mm of rainfall per annum. Most of the rainfall occurs between June and September, with peaks in June, July, and August. The average monthly temperature of fifteen years also revealed that the temperature reaches its peak in January, February, and March, while it is lowest in October.
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Figure 2: Temporal variations in the mean monthly rainfall (2000-2018G.C) and 
mean monthly air Temperature in Dire and Legedadi areas.
3.3 Sampling protocol
The study was conducted in two reservoirs: Dire and Legedadi. In Dire, three sites were selected: site 1 (near the inlet of Dire River), site 2 (at the center of the reservoir), and site 3 (near the dam). Similarly, three sites were selected in Legedadi Reservoir (site 1 near the Inlet of Lege Bolo River, site 2at the center of Legedadi Reservoir and site 3 near the dam). The study was conducted from April to August 2018 in Dire Reservoir while samples were collected for only two months (July and August 2018) in Legedadi Reservoir. Water samples were collected monthly from all the sites with a 2L Kemmerer sampler from discrete depths distributed within the euphotic zone approximated as the product of Secchi depth (ZSD) as a factor of 3. The samples collected from different depths were mixed in equal proportions to prepare a composite sample. Then, the composite samples were used for the estimation of phytoplankton biomass (in terms of Chlorophyll-a, Chl-a), analysis of inorganic nutrients and total solids.
3.4 In situ measurement of physicochemical parameters
Water transparency was measured as an indicator for lake turbidity using a standard black and white Secchi disk of 20 cm diameter. Depth profiles of oxygen (DO), temperature, and conductivity were measured in the field with the HQ40d multi-metric probe. pH was also determined using a portable digital pH meter (Hanna 9024), while turbidity was measured through direct reading using a turbidity meter (Oakton T-100).
3.5 Nutrient analysis in the laboratory
The composite samples collected with a Kemmerer sampler were filtered through a What man Glass Fiber Filter paper (GF/F) and the filtrates were used for the colorimetric determination of dissolved inorganic nutrients using standard methods described in APHA (1999) and (Wetzel and Likens, 2000). Ammonia-Nitrogen (NH3+ NH4+-N) was determined by the Phenate method, Nitrate-Nitrogen (NO3--N) by the Salicylate method, Soluble Reactive Phosphorous (PO43--P) by the Ascorbic acid method and Dissolved molybdate reactive Silica (SiO2) by the Molybdosilicate method. However, unfiltered water samples were used for the estimation of Total phosphorus (TP), after per-sulfate digestion, with the Ascorbic acid method. The absorbance of the colored solutions was read using JENWAY 6405 spectrophotometer at appropriate wavelengths (nm) in the Limnology laboratory. Total dissolved solids (TDS) were analyzed by the gravimetric method.
Total Suspended Solids(TSS) was measured as the dry weight of seston filtered onto a glass fiber filter paper (GF/F, 47mm pore size) pre-dried at 105oC and subsequently dried with seston at the same temperature for 1 hr. TSS was calculated using the following formula (Estefan et al., 2013).
                           TSS (mg/L) =[image: image8.png](W2 W1)X 1000
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Where: W1 = Weight of dried clean filter paper 
            W2 = Weight of dried clean filter paper and seston
            V = Volume of water sample used for filtration 
Samples for microbiological analysis incorporated in the examination of WQI were collected in sterilized 300ml bottles containing sodium thiosulfate to neutralize free chlorine and avoid any prior bacterial contamination then the samples were transported in an ice box and analyzed within 24 hours of collection following the methods stated in APHA (1999).

3.6 Identification of phytoplankton species composition and estimation of their abundance

Samples for phytoplankton spp. identification and enumeration were collected using plankton nets of 15&30 µm and stored in plastic sample containers on a monthly basis, shortly after measuring the physicochemical parameters and approximating the euphotic depth of the reservoir. The collected samples were fixed with Lugol’s iodine solution and taxa identification was carried out using different guides 
 ADDIN EN.CITE 

(Verlencar and Desai, 2004; Van Vuuren et al., 2006; Edward and David, 2010; Komárek, 2013)
. Phytoplankton count was done with a Sedge wick-Rafter cell under an inverted microscope following the procedures described in Hotzel and Croome (1999) and the abundance was expressed as algal units mL-1.
3.7 Estimation of phytoplankton biomass as Chl-a

Phytoplankton biomass was estimated as chl-a concentration. Samples were collected with a 2-liter Kemmerer sampler and 100ml aliquots were filtered with a GF/F paper. The filter papers with the seston were cut into pieces and ground using an electrically operated homogenizer inside a test tube containing a small volume of 90% acetone. Extraction of chl-a was effected for 24 hrs in the dark. Then the pigment extracts were transferred into clean centrifuge tubes, which were firmly stoppered, and centrifuged for 10 minutes at 3000 rpm. After centrifugation, the supernatant was transferred to a test tube and then to a clean cuvette and absorbance was read before and after acidification at 665nm and 750nm using Jenway 6405spectrophotometer. Then, Chl-a concentration was calculated according to (Lorenzen, 1967).
Chl-a (mg/L) = [image: image10.png]11.4xKx((665b—750b)—(665a—750a)xVe
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Where: 665b and 750b are absorbance at 665nm and 750nm before acidification respectively.
665a and 750a are absorbance at 665 and 750 nm after acidification, respectively.

R = maximum absorbance ratio 665b / 750a in the absence of Phaeo pigment = 1.7 and 

        K = 2.43


Ve = Volume of extract in ml


Vf = Volume of sample filtered in liter

             Z= Path length of the cuvette (1cm)

3.8 Identification of zooplankton species and estimation of their abundance
For the identification of zooplankton taxa, samples were collected by means of vertical net hauls with tow nets of 30 μm (for rotifers) and 100μm (for crustaceans) and preserved in 4% formaldehyde solution. Zooplankton species were identified using different keys including Fernando (2002). The volume of water filtered was determined using the following formula: 
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Where V is the volume of the water filtered (m3)
 r is the radius of the net (m).
 d the distance through which the plankton net was towed (m).
Estimation of zooplankton abundance (No. of individuals m-3 of Reservoir water) was computed for each month by taking a subsample 20 ml and then, the number of organisms m-3 was calculated and the number of individuals in each category of zooplankton of the lake was expressed as number m-3 of reservoir water (Edmondson and Vinberg, 1971). 
Ind. /m3=[image: image13.png](n+k)




Where n = the total number of counts, 
            k = the ratio proportion of total volume to subsample volume, 
           V = the amount of water filtered by the sampling net in m3.
3.9 Trophic status index (TSI)
To dexamine a Trophic Status Index for both Dire and Legedadi Reservoirs, a TSI index for tropical environments proposed by Lamparelli (2004) was employed. This method is based on the concentrations of TP and Chl-a. The following formulae were used for the estimation of the TSI (Lamparelli (2004):
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Where Chl-a is the chlorophyll-a concentration in μg/L,
             TP is the total phosphorus concentration in μg/L, and ln is the natural logarithm.
The TSILamp is the simple arithmetic average of the indices for Chl-a (TSIChl-a) and TP (TSITP)
3.10 Water quality index (WQI)
In order to examine a water quality index for Dire and Legedadi Reservoirs, a method that has been established by the National Sanitation Foundation, NSF (Brown et al., 1970) for the development of an index was employed. The parameters used were DO, fecal coliforms, NO3-, TP, water temperature, pH, turbidity, and total solids. The mathematical expression for NSF's WQI is given by;
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= sub-index for the ith water quality parameter;
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Weight associated with the ith water quality parameter;
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 = number of water quality parameters.  

3.11 Statistical analysis

Spatial and temporal variations of measured physicochemical parameters were analyzed using one-way Analysis of Variance (ANOVA) at 95 % significance level (P < 0.05). Statistical software (SPSS Version 24) was employed to analyze the different physicochemical and biological parameters. The relationship between the abundance of taxa of phytoplankton and zooplankton species and physicochemical parameters was assessed using a multivariate analysis tool, Redundancy Analysis (RDA), using CANOCO for Windows version 4.5.
4. Results

4.1 Physicochemical features of the reservoirs

The values of surface water temperature recorded for Dire Reservoir ranged from 16.5 to 21oC (Site 1), 15.7 to 19.3oC (Site 2), and 15.7 to 20.3oC (Site 3) with a mean value of 18.57±0.34, 17.65±0.31 and 17.68±0.28 at sites 1, 2 and 3, respectively. On the other hand, the water temperature of Legedadi Reservoir ranged from 20.2 to 20.5oC at Site 1, 17.7 to 18.2oC at Site 2, and 17 to 17.5 0C at Site 3, with a maximum of 20.5oC (Site 1) during July and August, while the minimum value (17oC) was recorded at Site 3. 
The mean surface dissolved oxygen (DO) concentration in Dire Reservoir was 5.41 mg L-1 (Site 1), 5.42 mg L-1 (Site 2), and 5.26 mg L-1 (Site 3) with a maximum of 7.15 mg L-1 during May at site 3 and a minimum value of 3.79 mg L-1 during June at site 1. The mean concentration of DO in Legedadi Reservoir was 6.62 mg L-1 (Site 1), 6.13 mg L-1 (Site 2), and 4.96 mg L-1 (Site 3), with a maximum of 6.76 mg L-1 at Site 1 and a minimum value of 4.08 mg L-1 at Site 3. Surface water temperature and dissolved oxygen were correlated significantly and negatively (r= -0.069) in Dire Reservoir. pH ranged from 6.23 to 8.63 at site 1, from 6.43 to 8.74 at site 2, and from 6.53 to 8.41 at site 3 in Dire Reservoir, whereas in Legedadi Reservoir pH values were ranged from 8.66 to 8.71 at site 1, 8.52 to 8.99 at site 2, and 9.01 to 9.2 at site 3. 

The mean values of EC (µS cm-1) recorded for Dire Reservoir were 147.98 ±1.34 at site 1, 151.27± 1.06 at site 2, and 150.91±1.12 at site 3, with a maximum value of 160.18 µS cm-1 at site 1 during July and minimum value 136.96 µS cm-1 at site 3 during May. The values of EC (µS cm-1) recorded for Legedadi Reservoir ranged from 131.93 in July to 144.51 during August, with a mean value of 132.71 ± 0.2 (site 1), 139.31 ± 1.15 (site 2) and 141.17 ± 1.36 (site 3). The EC values recorded for Dire Reservoir showed significant temporal variations among the sampling months (Fig.3).

The Secchi depth values recorded in Dire Reservoir (7.6cm, 7.4cm and 7.2cm for sites 1, 2, and 3, respectively, were considerably higher than those observed for Legedadi Reservoir (5cm for site 1, 4cm for site 2 and, 6.5cm for site 3). Although significant seasonal variations in Secchi depth values were observed among months for Dire Reservoir (p< 0.05), the variation among sites was significant in Legedadi Reservoir (p = 0.001). The euphotic depth (Zeu) was detected, which was calculated only for the open sites of the study reservoirs, ranged from 0.16 m to 0.29 m (Dire) and from 0.1m to 0.22m (Legedadi).
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Figure 3: Temporal variations in the levels of DO, water temperature and Electrical 
conductivity (K25) at the three sampling sites of Dire Reservoir.
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In this study, all three sampling sites of both Dire and Legedadi reservoirs have shown a fairly high amount of total dissolved solids (TDS). TDS (mg L-1) varied from 103.3 to 354 at site 1,120 to 392 at site 2 and 55.3 to 295.3 at site 3 of Dire Reservoir, while it ranged from 230 to 241 1, 227.3 to 231 and 182.7 to 194 at sites 1, 2 and 3 of Legedadi Reservoir, respectively. The variation in TDS was significant temporally, but not spatially in Dire Reservoir. TSS (total suspended solids, mg L-1) ranged from 31.5 to 169.5 at site 1, 45.5 to 239.5 site 2 and 41 to 197.5 mg L-1 site 3 of Dire Reservoir, while it varied from 326 to 337 at site 1, 358 to 363.5 at site 2 and 282 to 296 at site 3 of Legedadi Reservoir. TSS varied significantly seasonally (p=.000), but not spatially in Dire Reservoir, with the maximum and minimum values occurring during the major rainy period (June to August) and minor rainy period (May), respectively.
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Figure 4: Temporal variations in the levels of TSS, TDS, and Turbidity in relation to Secchi depth at the three sampling sites of Dire Reservoir.
Both the study reservoirs were highly turbid throughout the study period. The mean turbidity values (NTU) recorded for Dire Reservoir were 253.35 (Range: 19.43 to 475), 303.94 (Range: 55.2 to 630), and 280.13 (Range: 120 to 488) at site 1, 2 and 3, respectively, while those of Legedadi Reservoir were 657(Site 1), 530.3 (Site 2), and 529.67 (Site 3). Turbidity showed significant temporal variation (P<0.05) in Dire reservoir, although it’s spatial variation was not significant (Table 4). There was significant variation in the records of turbidity among the three sampling sites of Legedadi Reservoir (P<0.05).   
Table 4: The various physicochemical parameters recorded for the different sampling 
sites of Dire and Legedadi reservoirs.

	Sites
	DO (mg L-1)
	Temp (oC)
	EC (µS cm-1)
	Turbidity (NTU)
	TDS (mg L-1)
	TSS (mg L-1)

	Dire Reservoir

	Site 1
	5.14 ± 0.25
	18.57 ± 0.34
	147.98 ± 1.34
	253.4 ± 40.9
	185.7 ± 24.5
	11802 ± 13.5

	Site 2
	5.42 ± 0.22
	17.65 ± 0.31
	151.27 ± 1.06
	303.9 ± 53.08
	221.96 ± 24.3
	139.3 ± 17.4

	Site 3
	5.26 ± 0.0.28
	17.68 ± 0.28
	150.91 ± 1.12
	280.1 ± 35.55
	173.5 ± 20.56
	121.7 ± 13.9

	Legedadi Reservoir

	Site 1
	6.63 ± 0.05
	20.5 ± 0.2
	132.71 ± 0.24
	657 ± 0.73
	235.5 ± 2.46
	331.5 ± 2.46

	Site 2
	6.13 ± 0.1
	17.97 ± 0.09
	139.31 ± 1.15
	530.3 ± 0.21
	229.15 ± 0.83
	360.75 ± 1.23

	Site 3
	4.98 ± 0.29
	17.30 ± 0.08
	141.17 ± 1.36
	529.67 ± 0.21
	188.35  ± 2.53
	289 ± 3.13


4.2 Inorganic Algal Nutrients

The major inorganic nutrients analyzed in the present study were nitrate (NO3-N), ammonia (NH3+NH4-N), soluble reactive phosphorus (SRP) and total phosphorus (TP), and dissolved reactive silica (SiO2) (Fig.5). The concentrations of nitrate in Dire Reservoir varied from 160.14 to 347 μg L-1 at site 1, 148.42 to 313.78 μg L-1 at site 2 and 140.61 to 269.51 μg L-1 at site 3. The seasonal maxima in nitrate concentrations were observed in May 2018 at site 1, in August 2018 at site 2 and in May 2018 at site 3. The concentration of nitrate in Legedadi Reservoir varied from 234.36 to 326.80 μg L-1. Ammonia concentrations in Dire Reservoir ranged from 34.99 to 221.24 µg L-1, with a mean value of 89.28 µg L-1 at site 1, from 33.88 to 101.86 µg L-1, with a mean value of 69.29 µg L-1 at site 2, and from 36.09 to 146.01 µg L-1, with a mean value of 75.99 µg L-1 at site 3. The lowest value was recorded during August at site 2, while the highest value was observed during June at site 1. The mean values of ammonia concentration recorded for Legedadi Reservoir were 39.31 (site 1), 36.46 µg L-1 (site 2), and 35.51 µg L-1(site 3). 

SRP concentration (Mean ± SE) recorded for Dire Reservoir varied between 22.74 ± 4.49 µg L-1 (Range: 5.82 – 49.15µg L-1) at site 1 and 42.10 ± 7.79 µg L-1(Range: 9.84 – 91.59µg L-1) at site 3. Peak SRP concentration was recorded in June at site 3, while the minimum concentration was observed in July at site 1 of Dire Reservoir. SRP concentration (Mean ± SE) for Legedadi Reservoir ranged from 74.75 ± 1.19 µg L-1of site 3 to  91.37 ± 2.18 µg L-1 of site 2. The concentrations of SRP in Legedadi Reservoir are higher than those recorded for the same month (July and August) in Dire Reservoir, with significantly different mean concentrations (at p = 0.05). SRP of Dire Reservoir was positively and significantly correlated with algal biomass (r = 0.338, r2 = 0.114, p = 0.023). SRP-P of Legedadi Reservoir was, however, negatively but not significantly correlated with algal biomass (r = -0.10, p = 0.685). ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Hadgembes Tesfay</Author><Year>2007</Year><RecNum>75</RecNum><record><rec-number>75</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">75</key></foreign-keys><ref-type name="Unpublished Work">34</ref-type><contributors><authors><author>Hadgembes Tesfay,</author></authors></contributors><titles><title>Spatio-temporal variations of the biomass and primary production of phytoplankton in Koka Reservoir. MSc. Thesis. Addis Ababa University, Addis Ababa.85pp.</title><secondary-title> </secondary-title></titles><periodical><full-title>A manual for the West Asia and North Africa region</full-title></periodical><dates><year>2007</year></dates><urls></urls></record></Cite></EndNote>
Although the concentrations of TP didn’t show significant temporal variation both in Dire and Legedadi reservoirs, the spatial variation was significant for those of the latter (p = 0.000), with mean values varying from 165.30 (site 2) to 189.57 µg L-1 (site 3) and from 39.78 µg L-1 (site 3) to 174.62 µg L-1(site 1) for Dire and Legedadi reservoirs, respectively. The minimum (61.21 µg L-1) and maximum (281.45 µg L-1) TP concentrations for Dire Reservoir were recorded in May at site 3 and site 1, respectively. The mean TP concentrations of Legedadi Reservoir were significantly higher than those recorded for the same month (July and August) in Dire Reservoir (p< 0.05). TP concentration was weakly but positively (r=0.208, r2= 0.043, p= 0.169) and negatively (r= -0.126, r2= 0.016, p= 0.618) correlated with algal biomass in Dire and Legedadi reservoirs, respectively.
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NB: (D1, D2, D3) and (L1, L2, L3) represents site1, 2 and 3 of Dire and Legedadi reservoirs.
Figure 5: Variation in the levels of inorganic nutrients at the sampling sites of Dire and Legedadi reservoirs.
Silica (mg L-1) of Dire Reservoir varied from 10.88 to 18.27 at site 1, 8.94 to 14.85 at site 2, and 4.53 to 12.82 site 3, with mean values of 13.40 ± 0.75, 12.77± 0.67 and 9.93 ± 0.84, respectively. The mean concentrations of silica (mg L-1) recorded for Legedadi Reservoir (8.98 ± 0.25 at site 1, 8.65 ± 0.53 at site 2, and 9.62 ± 0.14 at site 3) were significantly lower than those documented for Dire Reservoir in July and August (p = 0.002). Although not statistically significant, silica concentration showed positive and negative correlations with phytoplankton biomass in Dire (r = 0.144, r2 = 0.21, p = 0.345) and Legedadi reservoirs (r = -0.332, r2 = 0.110 at p = 0.179), respectively. 
4.3 Biological parameters

4.3.1 Species Composition and abundance of Phytoplankton

A total of 30 taxa belonging to 5 classes, Chlorophyceae or Green algae (11 spp.), Cyanophyceae/Blue Green Algae (9 spp.), Bacillariophyceae/Diatoms (7spp.), Euglenophyceae/Euglenoids (2spp.), and Cryptophyceae/Cryptomonads (1sp.) were identified during the present study on Dire and Legedadi reservoirs (Table 5). Species composition indicated that Green algae had the highest number of taxa/richness (36.7%) followed by Blue-greens (30%). Diatoms accounted for 23.3% of the total phytoplankton taxa richness recorded in the present study. However, Euglenophyceae and Cryptophyceae had low species richness throughout the study period. Total Phytoplankton abundance at all the sampling sites of Dire reservoir exhibited considerable temporal variations, with the highest and lowest phytoplankton abundance occurring during different sampling months (Figs.6 and 7).

	Phytoplankton Taxa
	Identified Species

	
	Dire
	Legedadi

	Chlorophyceae


	Ankistrodesmus bibraianus (Reinsch)
Ankistrodesmus falcatus (Corda) Ralfs, 
Chlamydomonas sp.
Coelastrum microporum Nägeli 
Crucigenia tetrapedia (Kirchner) 
Oocysts sp.
	Pediastrum sp.
Scenedesmus quadricauda (Turp.)Breb.

Scenedesmus spinosus  (Chodat)
Selenastrum sp.
Volvox tertius (Meyer)
	Coelastrum microporum Nägeli 

Oocysts sp.


	Cyanophyceae
	Arthrospira sp.
Chroococcus turgidus (Kütz.) Nägeli

Microcystis aeruginosa (Kütz). Kütz. 

Microcystis incerta (Lemmermann)
	· Microcystis punctata (Schiller) 
· Microcystis viridis (Lemmermann) 
· Oscillatoria chlorina (Kützing)
	Anabaena spp.

Chroococcus turgidus (Kütz.) Nägeli

Cylindrospermopsis sp.
Microcystis aeruginosa (Kütz). Kütz. 

Oscillatoria chlorina (Kützing)

	Bacillariophyceae
	Aulacoseira granulata (Ehr.) Simons 
Cyclotella gamma (Sovereign) 
Epithemia adnata (Kutzing) 
Melosira sp.
	Navicula sp.

Pinnularia sp.

Syndera sp.
	Melosira sp.



	Euglenophyceae

	Euglena sp.

Trachelomonas sp.
	Trachelomonas sp.

	Cryptophyceae
	Cryptomonas sp.
	Cryptomonas sp.


Table 5: Species of phytoplankton encountered in samples collected from the study reservoirs.

The highest total phytoplankton abundance at site 1 of Dire Reservoir occurred during June, because of the peak abundance of Cyanophyceae and Bacillariophyceae, while the second largest peak occurred during May 2018 concurrently with the peak of the abundance of Chlorophyceae and Cyanophyceae (Fig.6).
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Figure 6: Temporal variations in the abundance of different algal groups in relation to 
total phytoplankton abundance, and Chl-a concentration at A. Site 1 and B. Site 2 
of Dire Reservoir.
The highest peak of total phytoplankton abundance at site 2 of Dire Reservoir occurred during May concurrently with the highest peak of abundance of Chlorophyceae (Fig.6). At site 3, the total phytoplankton abundance reached its highest peak during April, which coincided with the highest abundance of Chlorophyceae (Fig.7).
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Figure 7: Temporal variations in the abundance of different algal groups in relation to 
total phytoplankton abundance, and Chl-a concentration at Site 3 of Dire  
Reservoir.
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Cyanobacterial spp. were the most important group in terms of abundance, with its mean percentage contributions to total phytoplankton abundance varying from about 29.2% at site 3 to about 37.2%  at site 1 of Dire reservoir (Fig.8).

Figure 8: Spatial & temporal variations in the mean percentage contributions of algal 
groups to the total phytoplankton abundance in Dire reservoir.
The peak abundance of Cyanobacterial spp. occurred at different times at the three sampling sites of both Dire and Legedadi reservoirs (Fig.9). The most dominant cyanobacterial species were Chroococcus turgidus and Microcystis spp. in both study reservoirs, but Anabaena spp. were dominant at sites 1 and 2 of Legedadi Reservoir with their peak occurring in July. The highest peak of the abundance of C. turgidus occurred in June at all the sampling sites of Dire Reservoir, while Microcystis spp. reached their peak of abundance during May at sites 1 and 2 and during April at site 3 of Dire Reservoir (see Fig.9) and in July at all sampling sites of Legedadi Reservoir. The other numerically important phytoplankton was a Cyclotella sp. (Bacillariophyceae or Diatoms), which was the most abundant at all the sampling sites of Dire Reservoir, and whose abundance was broadly similar to that of C. turgidus at sites 2 and 3 of Legedadi Reservoir (Fig. 9).
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Figure 9: Abundance of the major species of the dominant taxonomic groups at the 
sampling sites of Dire (in the left) and Legedadi Reservoir 
(in the right).
4.3.2 Phytoplankton biomass
Phytoplankton biomass estimated as chlorophyll-a in Dire Reservoir showed temporal variations over the study period. It ranged from 2.77 at site 1 and 2 to 24.93 at site2 with a mean value of 15.75, 13.16 and 13.39 µg L-1 at sites 1, 2 and 3 of Dire Reservoir, respectively (Fig.10). Phytoplankton biomass in Legedadi Reservoir ranged from 2.77 to 19.39 µg L-1, 5.54 to 13.85 µg L-1 and 5.54 to 11.36 µg L-1 with mean values of 9.46, 9.23, and 8.26 µg L-1 at sites 1, 2, and 3, respectively. Phytoplankton biomass (Chl-a) showed significant temporal variation in Dire Reservoir (P = 0.007), although the spatial differences within the reservoirs were not significant. According to the results of regression analysis, concentration of chlorophyll-a in Dire Reservoir was positively, but weakly correlated with pH (r=0.44), temperature (r=0.433), SRP (r=0.338) and TSS (r=0.304), while it was correlated negatively with DO (r= -0.411) and nitrate (P = -0.275).
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Figure 10: Spatial and Temporal variations in the concentration of Chl-a at the different sampling sites of Dire Reservoir.
4.3.3 Taxonomic Composition and abundance of Zooplankton
During the study period, a total of 20 zooplankton group (18 spp., 1 class, and 1 developmental stage) belonging to Rotifers, Copepods, and Cladocerans were identified in samples collected from Dire and Legedadi reservoirs (Table 6). Copepods had the highest number of species (9 spp.) followed by Rotifers (8 spp.) and Cladocerans (3 spp.). There was significant temporal variation in the abundance of total zooplankton (p<0.05) in Dire Reservoir, with high abundance values occurring in May and June, and low values in August. There was a considerable difference in the mean percentage contributions of the three zooplankton groups to the total abundance of zooplankton (Fig.11). Copepods accounted for 65.28 and 55.44 % of total zooplankton abundance in Dire and Legedadi reservoirs respectively, while the contributions from cladocerans and rotifers were 23.66% and 11.05% in Dire and 33.01% and 11.5% in Legedadi reservoirs, respectively.
	Reservoirs
	Zooplankton spp. identified

	
	Rotifers
	Copepods
	Cladocerans

	Dire

	Asplanchna seiboldi

Asplanchna silvesteri

Brachionus spp.

Filina longiseta

Keratella lenzi

Keratella tropica

Keratella vulga
	Calanoida

Ectocyclops phaleratus

Macrocyclops albidus

Mesocyclops edax Cyclops sternuus

Naupilli

Thermocyclops
	Daphnia barbata

Daphnia longispina
Daphnia magna

	Legedadi

	  Filina longiseta

Lecane luna


	Metaboeckella dilatata

Microcyclops varicans

Naupilli

Thermocyclops
	Daphnia barbata

Daphnia longispina


 Table 6: List of zooplankton taxa identified in samples collected from Dire and 
Legedadi reservoirs over the study period.
Copepods were therefore not only the most species-rich zooplankton group, but they were also the most abundant zooplankton group with the pattern of temporal variations similar to that of total zooplankton abundance (Fig. 11). Cladocerans were the second numerically important zooplankton group in both the study reservoirs. The percentage contribution of cladocerans ranged from 0% in July to 58.4% in June (Dire) and 27.47 % in August to 38.55% in July (Legedadi). 
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Figure 11: Temporal variations in the percentage contribution of zooplankton taxa in 
Dire and Legedadi reservoirs.
4.4 Trophic state Index (TSI)

The TSI values (LTSI) obtained using the model developed by Lamparelli (2004) place both Dire and Legedadi reservoirs in the category of hypereutrophic systems (Table 7).
	Month
	Dire
	Legedadi

	
	TSI (Chl a)
	TSI (TP)
	TSI (Overall) 
	Classification
	TSI (Chl a)
	TSI (TP)
	TSI (Overall)
	Classification

	April
	86.51
	91.88
	89.20
	      Hyper 

eutrophic
	-
	-
	-
	-

	May
	85.58
	91.43
	88.50
	Hyper eutrophic
	-
	-
	-
	-

	June
	87.47
	90.25
	88.86
	Hyper eutrophic
	-
	-
	-
	-

	July
	86.11
	92.11
	89.11
	Hyper eutrophic
	84.71
	92.37
	88.54
	Hyper eutrophic

	August
	83.15
	92.15
	87.65
	Hyper eutrophic
	82.40
	92.32
	87.36
	Hyper eutrophic

	Total
	85.76

	91.56
	88.66
	Hyper eutrophic
	83.56
	92.35
	87.95
	Hyper eutrophic


Table 7: Values of the TSI calculated for Dire and Legedadi reservoirs.
4.5 Water Quality Index (WQI)
In the present study, the water quality index of Dire and Legedadi reservoirs was determined from eight water quality parameters. The WQI in the present study was determined using the national sanitation foundation WQI (NSFWQI) proposed by Brown et al. (1970). WQI values calculated for the study reservoirs showed temporal variations (Table 8).
	Month
	Dire Reservoir
	Legedadi Reservoir

	
	WQI Value
	WQ Classification
	WQI Value
	WQ Classification

	April
	67.56
	Medium
	-
	-

	May
	64.61
	Medium
	-
	-

	June
	63.05
	Medium
	-
	-

	July
	66.97
	Medium
	42.22
	Bad 

	August
	67.32
	Medium
	42.49
	Bad 

	Total
	65.90
	Medium water quality
	42.36
	Bad water quality


Table 8: WQI values calculated for Dire and Legedadi reservoirs.
4.6 Plankton - Environment Relationships
The relationships between the major plankton taxa (phytoplankton and zooplankton) and environmental variables, which are known to regulate their diversity and abundance, were analyzed using the constrained Redundancy Analysis (RDA) (Fig. 12). The first and second axes of the RDA plot together explained 100% of the cumulative percentage variance of species-environment relation. The first and second axes explained 60.7% and 39.3%, and 97.7% and 2.3% in Dire and Legedadi reservoirs, respectively (Table 9). Axis 1 of RDA in Dire reservoir was correlated negatively with temperature, TP, silica, DO, nitrate and SRP, while the first axis in Legedadi reservoir was correlated positively and strongly with nitrate, silica, and TP, but negatively with TDS, DO, temperature, ammonia, and turbidity.  
	
	Dire Reservoir
	Legedadi reservoir

	Axes
	1
	2
	3
	4
	1
	2
	3
	4

	Eigenvalues:
	0.607

	0.393
	0.000
	0.000
	0.977

	0.023
	0.000
	0.000

	Species-environment correlations
	1.000


	1.000
	0.000


	0.000
	1.000


	1.000
	0.000


	0.000

	Cumulative percentage variance
	
	
	
	
	
	
	
	

	of species data :
	60.7
	100.00
	0.0
	0.0
	97.7
	100
	0.000
	0.000

	of species-environment relation:
	60.7
	100.00
	0.0
	0.0
	97.7
	100
	0.0
	0.0

	Sum of all eigenvalues
	1.000
	
	
	
	1.000
	
	
	

	Sum of all canonical eigenvalues
	1.000
	
	
	
	1.000
	
	
	


Table 9: Summary on statistics of RDA diagram.
The occurrence of the dominant phytoplankton taxon, Cyanophyceae was correlated positively and strongly with temperature and NH3 (Dire) and with TP, silica, and nitrate (Legedadi), while it was correlated negatively and strongly with EC and SRP, and TSS and SRP in Dire and Legedadi reservoirs, respectively. The other important phytoplankton taxon of the present study, Bacillariophyceae was positively correlated with ammonia and nitrate in Dire and Legedadi reservoirs, respectively. Cryptophyceae was positively correlated with TDS and DO, and TSS in the above-mentioned reservoirs. On the other hand, the major zooplankton taxa (cladocerans and copepods) were positively correlated with EC, while rotifers were correlated with pH and turbidity in Dire Reservoir, while all the three zooplankton groups in Legedadi Reservoir were positively correlated with SRP.
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Figure 12: Tri-plots of the constrained Redundancy Analyses (RDA, CANOCO for Windows 4.5) of the relationship between major phytoplankton and zooplankton taxa and environmental variables: Cya-Cyanophyceae, Bac-Bacillariophyceae, Eug- Euglenophyceae, Chl - Chlorophyceae, Cry-Cryptophyceae, Rot- Rotifers, Cla-Cladocerans, and Cop-Copepods of Dire and Legedadi reservoirs.
5. Discussion

5.1 Physicochemical features of the reservoirs
Although the surface water temperature recorded in the present study for both reservoirs (15.7 to 21oC ) are closer to those reported by Adane Sirage (2006), Feyisa Girma (2011) and  Kamble et al. (2011) for Legedadi, Belbela (Ethiopia) and Bhandaradara (India) reservoirs, respectively, they are still lower than those reported for such other reservoirs including Koka (Hadgembes Tesfay, 2007) and Tekeze (Tsegay Teame and Haftom Zebib, 2016) reservoirs in Ethiopia (see Table 10). The recorded relatively lower values of surface water temperature of the study reservoirs may be partly attributable to the differences in altitude as the reservoirs of the present study are located at higher altitudes (>2000 m a.s.l). Similar results were reported by Mwaura (2003), for eight small reservoirs in Kenya, which are located at altitudes closer to those of Dire and Legedadi reservoirs. Baxter et al. (1965) reported that complete mixing is frequent in lakes with a maximum depth of less than about 15-30 m and thermal stratification is diurnal. Thus, both Dire and Legedadi reservoirs, with most parts shallower than 20 m and with nearly complete exposure to wind action, cannot be expected to exhibit marked and prolonged thermal stratification.
Although depth-profiles of water temperature in Dire Reservoir were determined for the upper few meters of the water column at all sampling sites throughout the study period. The temperature measured down to a depth of 6 m at site 2 during the study period revealed that the maximum temperature difference between the surface and 6m depth of measurement was 0.8oC. Depth profiles of temperature determined down to a depth of 10m at site 2 of Dire Reservoir also showed the absence of thermal stratification in the reservoir in all sampling months.

	Waterbody

	Location
	Altitude (m a.s.l.)
	Surface water temperature

( oC)
	Reference

	Dire Reservoir
	Ethiopia
	2542
	15.7- 21
	Present study

	Legedadi Reservoir
	ˮ
	2456
	17 - 20.5
	Present study

	Legedadi Reservoir
	ˮ
	ˮ
	17 - 23.9
	Adane Sirage (2006)

	Angereb Reservoir
	ˮ
	2125
	22.2 – 23
	Asefa Mengesha et al. (2013)

	Belbela Reservoir
	ˮ
	2300
	18.5- 24.1
	Feyisa Girma (2011)

	Lake Ziway
	ˮ
	1636
	18.5 - 27.5
	Girma Tilahun (1988)

	Lake Hawassa
	ˮ
	1680
	20.5 - 28.9
	Demeke Kifle and Amha Belay (1990)

	Koka Reservoir
	ˮ
	1590
	26.2 - 32.5

Above 19
	Hadgembes Tesfay (2007)
Fasil Degefu et al. (2011)

	Lake small Abaya
	ˮ
	1835
	18.5 - 29.2
	Yirga Enawgaw and Brook Lemma (2018a)

	Shallow reservoirs in Kenya
	Kenya
	>2000
	15 -21
	Mwaura (2003)

	Selingue Reservoir
	Mali
	-
	24 -36
	Arfi (2003)

	Bhandaradara Reservoir
	India
	-
	19 - 21.57
	Kamble et al. (2011)

	Oyun reservoir
	Nigeria
	-
	23.1 - 29.6
	Mustapha (2010)

	Lake Timsah
	-
	-
	19 – 29
	El-Serehy et al. (2018)


Table 10: Surface water temperature of Dire and Legedadi reservoirs in comparison with those of other tropical lakes and reservoirs.

The maxima and minima of DO concentrations (3.79-7.15 mg L-1) corresponded to peaks and lowest levels of phytoplankton biomass, respectively, at different sampling sites of Dire Reservoir, a temporal trend, which was reported previously by Adane Sirage (2006) for Legedadi Reservoir. Some DO values, which were lower than the guideline values (5.5-6 mg L-1) set for the protection of aquatic life by USEPA (1999) were recorded in the present study. The ranges of concentrations of DO (mg L-1) recorded in the present study are comparable with those reported for Belbela Reservoir (2.5-7.9; Feyisa Girma, 2011), Angereb Reservoir (similar purpose reservoir in Gonder) (6.13-7.18; Asefa Mengesha et al., 2013).  ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Asefa Mengesha</Author><Year>2013</Year><RecNum>13</RecNum><record><rec-number>13</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">13</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Asefa Mengesha, </author><author>Argaw Mekuria, </author><author>Azamal Husen, </author></authors></contributors><titles><title>Algal biomass and nutrient enrichment in the Angereb reservoir, Gondar, Ethiopia</title></titles><dates><year>2013</year></dates><urls></urls></record></Cite></EndNote>However, higher values of DO concentrations have been reported for other Ethiopian lakes (Yirga Enawgaw and Brook Lemma, 2018a) and reservoirs (Hadgembes Tesfay, 2007).
	Reservoir
	DO (mg L-1)
	References

	Angereb
	6.13-7.18
	Asefa Mengesha et al. (2013)

	Belbela
	2.5-7.9
	Feyisa Girma (2011)

	Dire
	3.79-7.15
	Present study

	Koka
	5-11.37
	Hadgembes Tesfay (2007)

	Legedadi
	4.08-6.76
	Present study

	Legedadi
	5.4-9.9
	Adane Sirage (2006)

	Oyun (Nigeria)
	4.8-8.2
	Mustapha (2010)

	Small Kenyan reservoirs
	2-7.2
	Mwaura (2003)

	Tekeze
	4.51-6.76
	Tsegay Teame and Haftom Zebib (2016)


Table 11: DO concentration of Dire and Legedadi reservoirs in comparison with those reported for other reservoirs.
The recorded values of DO concentration in the present study were usually higher at the surface of both reservoirs. These higher surface concentrations of oxygen were probably due to the effect of turbulence on gas solubility. DO concentration generally declined consistently with depth. Some higher sub-surface values were also recorded in Dire Reservoir, which could be attributed to the effect of the relatively high temperature at the surface on oxygen solubility. A similar result was also reported by Adane Sirage (2006) for Legedadi Reservoir. The difference in oxygen concentration between the surface and 6m depth was only 1.36 mg L-1 at site 2 of Dire Reservoir indicating that oxygen concentration remained fairly constant with depth below the upper few centimeters down to about 6m.
The pH of the surface water varied between 6.23 and 8.74, and 8.52 and 9.2 in Dire and Legedadi reservoirs, respectively. pH values showed significant temporal variation with relatively high pH values occurring during June 2018 in Dire reservoir, coincident with high phytoplankton biomass. This association of high pH values with high phytoplankton biomass is attributable to the presumably high rates of photosynthetic production, which allow considerable daytime CO2 and HCO3- withdrawal (removal) resulting in a large rise in pH (Maberly, 1996). The pH values of the present study are within the range of desirable levels of pH (6.5-8.5) set by WHO (1996) for drinking water supply source. The values of pH recorded in the present study are closer to the values reported previously for Legedadi Reservoir (7.2-8.3; Adane Sirage, 2006) ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Adane Sirage</Author><Year>2006</Year><RecNum>7</RecNum><record><rec-number>7</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">7</key></foreign-keys><ref-type name="Thesis">32</ref-type><contributors><authors><author>Adane Sirage,  </author></authors></contributors><titles><title>Water quality and phytoplankton dynamics in Legedadi Reservoir, Ethiopia. M.Sc. Thesis. Addis Ababa University, Addis Ababa.</title></titles><dates><year>2006</year></dates><urls></urls></record></Cite></EndNote>, and for other reservoirs in Ethiopia: ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Zinabu Gebre-Mariam</Author><Year>2002</Year><RecNum>176</RecNum><record><rec-number>176</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">176</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Zinabu Gebre-Mariam,</author><author>Elizabeth Kebede,Westhead</author><author>Zerihun Desta,</author></authors></contributors><titles><title>Long-term changes in chemical features of waters of seven Ethiopian rift-valley lakes</title><secondary-title>Hydrobiologia</secondary-title></titles><periodical><full-title>Hydrobiologia</full-title></periodical><pages>81-91</pages><volume>477</volume><number>1-3</number><dates><year>2002</year></dates><isbn>0018-8158</isbn><urls></urls></record></Cite></EndNote>, Kenya (7-8.4; Mwaura, 2003) ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Mwaura</Author><Year>2003</Year><RecNum>108</RecNum><record><rec-number>108</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">108</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Mwaura, Francis</author></authors></contributors><titles><title>The spatiotemporal characteristics of water transparency and temperature in shallow reservoirs in Kenya</title><secondary-title>Lakes &amp; Reservoirs: Research &amp; Management</secondary-title></titles><periodical><full-title>Lakes &amp; Reservoirs: Research &amp; Management</full-title></periodical><pages>259-268</pages><volume>8</volume><number>3‐4</number><dates><year>2003</year></dates><isbn>1320-5331</isbn><urls></urls></record></Cite></EndNote>, Ghana (7.1-9.9; Asante et al., 2008) ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Asante</Author><Year>2008</Year><RecNum>12</RecNum><record><rec-number>12</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">12</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Asante, K. A. </author><author>Quarcoopome,  T. </author><author>Amevenku, F. Y. K. </author></authors></contributors><titles><title>Water Quality of the Weija Reservoir after 28 Years of Impoundment</title><secondary-title>West African Journal of Applied Ecology</secondary-title></titles><periodical><full-title>West African Journal of Applied Ecology</full-title></periodical><pages>125-131</pages><volume>13</volume><number>1</number><dates><year>2008</year></dates><urls></urls></record></Cite></EndNote>, Nigeria (6.8-8.2; Mustapha, 2010) ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Mustapha</Author><Year>2010</Year><RecNum>107</RecNum><record><rec-number>107</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">107</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Mustapha, Moshood Keke</author></authors></contributors><titles><title>Seasonal Influence of Limnological Variables on Plankton Dynamics of a Small, Shallow, Tropical African Reservoir</title><secondary-title>Asian Journal of Experimental and Biological Science</secondary-title></titles><periodical><full-title>Asian Journal of Experimental and Biological Science</full-title></periodical><volume>1</volume><number>1</number><dates><year>2010</year></dates><urls></urls></record></Cite></EndNote>, and India (6.9-7.7; Kamble et al., 2011) ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Kamble</Author><Year>2011</Year><RecNum>87</RecNum><record><rec-number>87</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">87</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Kamble, PN</author><author>Gaikwad, Viswas B</author><author>Kuchekar, SR</author></authors></contributors><titles><title>Monitoring of Physicochemical Parameters and Quality Assessment of Water from Bhandaradara Reservoir</title><secondary-title>Pelagia Research Library</secondary-title></titles><periodical><full-title>Pelagia Research Library</full-title></periodical><pages>229-234</pages><volume>2</volume><dates><year>2011</year></dates><urls></urls></record></Cite></EndNote>.

The boundary values of the range of Electrical Conductivity (EC) measurements in Dire Reservoir (136.96-160.18 µS cm-1) were higher than those of Legedadi Reservoir (131.93-144.51 µS cm-1), which might be associated with the effect of dilution in that Legedadi Reservoir was sampled only in the rainy seasons July and August while Dire was sampled for five months (April-August). The lowest values of EC were recorded during July and August in Dire Reservoir which might be attributable with the dilution effect while the maximum value was recorded during may that might be associated with the low levels of water in the reservoir due to  evaporation. According to Zinabu Gebre-Mariam et al. (2002), conductivity is a very good predictor of both the total concentrations of cations and salinity in most Ethiopian water bodies. The present conductivity values recorded in both study reservoirs are broadly similar to those reported for Legedadi Reservoir (63-131µS cm-1; Adane Sirage, 2006),  ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Tsegay Teame</Author><Year>2016</Year><RecNum>148</RecNum><record><rec-number>148</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">148</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Tsegay Teame,</author><author>Haftom Zebib,</author></authors></contributors><titles><title>Seasonal variation in physicochemical parameters of Tekeze Reservoir, Northern Ethiopia</title><secondary-title>Animal Research International</secondary-title></titles><periodical><full-title>Animal Research International</full-title></periodical><pages>2413 – 2420</pages><volume>13</volume><number>2</number><dates><year>2016</year></dates><urls></urls></record></Cite></EndNote> Tekeze Reservoir (233.3-452 µS cm-1; Tsegay Teame and Haftom Zebib, 2016), and other African drinking water reservoirs including the small reservoirs in Kenya (37-101 µS cm-1; Mwaura, 2003) ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Mwaura</Author><Year>2003</Year><RecNum>108</RecNum><record><rec-number>108</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">108</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Mwaura, Francis</author></authors></contributors><titles><title>The spatiotemporal characteristics of water transparency and temperature in shallow reservoirs in Kenya</title><secondary-title>Lakes &amp; Reservoirs: Research &amp; Management</secondary-title></titles><periodical><full-title>Lakes &amp; Reservoirs: Research &amp; Management</full-title></periodical><pages>259-268</pages><volume>8</volume><number>3‐4</number><dates><year>2003</year></dates><isbn>1320-5331</isbn><urls></urls></record></Cite></EndNote>, Weija Reservoir in Ghana (408 µS cm-1; Asante et al., 2008) ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Asante</Author><Year>2008</Year><RecNum>12</RecNum><record><rec-number>12</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">12</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Asante, K. A. </author><author>Quarcoopome,  T. </author><author>Amevenku, F. Y. K. </author></authors></contributors><titles><title>Water Quality of the Weija Reservoir after 28 Years of Impoundment</title><secondary-title>West African Journal of Applied Ecology</secondary-title></titles><periodical><full-title>West African Journal of Applied Ecology</full-title></periodical><pages>125-131</pages><volume>13</volume><number>1</number><dates><year>2008</year></dates><urls></urls></record></Cite></EndNote>, and Oyun Reservoir in Nigeria (80.4-178.8µS cm-1; Mustapha, 2010) ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Mustapha</Author><Year>2010</Year><RecNum>107</RecNum><record><rec-number>107</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">107</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Mustapha, Moshood Keke</author></authors></contributors><titles><title>Seasonal Influence of Limnological Variables on Plankton Dynamics of a Small, Shallow, Tropical African Reservoir</title><secondary-title>Asian Journal of Experimental and Biological Science</secondary-title></titles><periodical><full-title>Asian Journal of Experimental and Biological Science</full-title></periodical><volume>1</volume><number>1</number><dates><year>2010</year></dates><urls></urls></record></Cite></EndNote>. 

During the study period lower Secchi depth values that ranged from 4 to 9cm were recorded in both the study reservoirs. The present Secchi depth (ZSD) values recorded for Legedadi Reservoir are lower than those recorded previously (7-12cm) ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Adane Sirage</Author><Year>2006</Year><RecNum>7</RecNum><record><rec-number>7</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">7</key></foreign-keys><ref-type name="Thesis">32</ref-type><contributors><authors><author>Adane Sirage,  </author></authors></contributors><titles><title>Water quality and phytoplankton dynamics in Legedadi Reservoir, Ethiopia. M.Sc. Thesis. Addis Ababa University, Addis Ababa.</title></titles><dates><year>2006</year></dates><urls></urls></record></Cite></EndNote>, which may be explained by the increased impact of human activities on the limnology of the reservoir as well as the sampling periods was quite different in that only two month (rainy) sampling was done in the present study while a ten month sampling including both the dry and rainy months was done by Adane Sirage (2006). Lower transparency values recorded in the present study especially in Legedadi Reservoir might be associated with the high concentration of sediments, since the concentration of suspended and dissolved materials increased in the rainy months due to its entrance through runoff. Secchi depth (ZSD) values recorded in this study for both Dire and Legedadi reservoirs were generally much lower than those reported for other lakes and reservoirs in Ethiopia and other African countries (Table 12).
Table 12: The values of ZSD recorded in the present study in comparison with those reported for other lakes and reservoirs.

	Waterbody
	ZSD (cm)
	References

	Belbela Reservoir
	16-26
	Feyisa Girma (2011)

	Koka Reservoir
	10-19
	Hadgembes Tesfay (2007)

	Oyun Reservoir
	60-120
	Mustapha (2010)

	Lake Hawassa
	35

70-120

	Elizabeth Kebede and Willén (1998)
Tadesse Fetahi and Seyoum Mengistou (2014)

	Lake Ziway
	10.75-19.25
19
	Getachew Beneberu (2005)
Girma Tilahun and Ahlgren (2010)

	Legedadi Reservoir
	7-12
	Adane Sirage (2006)

	Dire Reservoir
	5-9
	Present study

	Legedadi Reservoir
	4-7
	Present study


The lower water transparency values of Dire  and Legedadi reservoirs  may be  attributed to the high concentration of suspended materials as sediment particles, which find their way into the reservoirs through the feeder Rivers as they are located in an area of steep slopes containing highly erodible soils and intensive agricultural activities, which favor high rate of siltation in both reservoirs or re-suspension of particulate materials from the sediment as a result of wind-induced mixing as both reservoirs are shallow (Elizabeth Kebede and Willén, 1998) and often brown colored. The observed temporal variations in ZSD of both study reservoirs may be related to changes in the strength of eroding forces like wind and the associated erosion, the extent of loading of inorganic particles and fluctuation in phytoplankton biomass. 

Although the euphotic depth (Zeu)values estimated for both reservoirs in the present study(0.16 - 0.29m) are lower than the values reported previously for Lake Hawassa (1.6 -3m; Elizabeth Kebede and Amha Belay, 1994) ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Elizabeth Kebede</Author><Year>1994</Year><RecNum>50</RecNum><record><rec-number>50</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">50</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Elizabeth Kebede, </author><author>Amha Belay, </author></authors></contributors><titles><title>Species composition and phytoplankton biomass in a tropical African lake (Lake Awassa, Ethiopia)</title><secondary-title>Hydrobiologia</secondary-title></titles><periodical><full-title>Hydrobiologia</full-title></periodical><pages>13-32</pages><volume>288</volume><number>1</number><dates><year>1994</year></dates><isbn>0018-8158</isbn><urls></urls></record></Cite></EndNote>, Koka Reservoir (0.32-0.6m; Hadgembes Tesfay, 2007), ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Hadgembes Tesfay</Author><Year>2007</Year><RecNum>75</RecNum><record><rec-number>75</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">75</key></foreign-keys><ref-type name="Unpublished Work">34</ref-type><contributors><authors><author>Hadgembes Tesfay,</author></authors></contributors><titles><title>Spatio-temporal variations of the biomass and primary production of phytoplankton in Koka Reservoir. MSc. Thesis. Addis Ababa University, Addis Ababa.85pp.</title><secondary-title> </secondary-title></titles><periodical><full-title>A manual for the West Asia and North Africa region</full-title></periodical><dates><year>2007</year></dates><urls></urls></record></Cite></EndNote>  and Belbela Reservoir (0.34-0.82m; Feyisa Girma, 2011) ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Feyisa Girma</Author><Year>2011</Year><RecNum>63</RecNum><record><rec-number>63</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">63</key></foreign-keys><ref-type name="Thesis">32</ref-type><contributors><authors><author>Feyisa Girma,</author></authors></contributors><titles><title>Temporal Dynamics of Water Quality and Community Structure and Photosynthetic Production of Phytoplankton in Belbela Reservoir, Ethiopia. MSc. Thesis. Addis Ababa University, Addis Ababa.</title></titles><dates><year>2011</year></dates><urls></urls></record></Cite></EndNote>, they are comparable to those reported previously for Legedadi Reservoir (0.22-0.38m) by Adane Sirage (2006).
As the recorded ZSD values also suggest, both study reservoirs were generally very turbid with values (measured in NTU) varying considerably between 19.43 and 657. The turbidity values of the present study are generally comparable to those previously reported by Adane Sirage (2006) for Legedadi Reservoir (42-590 NTU), while they are still much higher than those recorded for Geffersa Reservoir (7.2 to 189 NTU; Nigatu Ebisa, 2010), Belbela Reservoir (67-103 NTU; Feyisa Girma, 2011), and Lake Small Abaya (57-188; Yirga Enawgaw and Brook Lemma, 2018) although they are obviously not comparable to the incredibly lower values of turbidity (16-20NTU) reported by Asante et al. (2008) for Weija Reservoir (Ghana).
 ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Yirga Enawgaw</Author><Year>2018</Year><RecNum>170</RecNum><record><rec-number>170</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">170</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Yirga Enawgaw, </author><author>Brook Lemma, </author></authors></contributors><titles><title>Phytoplankton community composition and nutrient conditions as an indicator of ecosystem productivity in Lake Tinishu Abaya, rift valley, Ethiopia</title><secondary-title>International Journal of Fisheries and Aquatic Studies.</secondary-title></titles><periodical><full-title>International Journal of Fisheries and Aquatic Studies.</full-title></periodical><pages>173-186</pages><volume>6</volume><number>3</number><dates><year>2018</year></dates><urls></urls></record></Cite></EndNote>
The highly significant positive correlations of turbidity with dissolved (r=0.850, r2= 0.722, at p<0.001) and suspended (r=0.838, r2= 0.703, at p<0.001) solids in both study reservoirs, which are much higher than those with phytoplankton biomass (Chl-a concentration, r= 0.252, r2=0.063, at p<0.001) probably suggest the greater importance of abiogenic turbidity to the underwater climate of the study reservoirs. Feyisa Girma (2011) has also reported a strong positive correlation (r=0.95, r2=0.90 at p<0.001)) between total suspended solids and turbidity in Belbela Reservoir. The values of turbidity recorded in the present study are lower than the highest desirable turbidity values that raw water can have (<1 to 1000 NTU; WHO, 1996). 

Turbidity showed significant temporal variation in Dire reservoir with higher values occurring during June and July, which may be associated with rainfall and the resultant sediment-laden surface runoff that enters the reservoirs via the feeder rivers. Since both Dire and Legedadi reservoirs are shallow and completely exposed to wind action, frequent re-suspension of sediments is another likely major source of water column turbidity in the reservoirs.

Although no health-based guideline value for TDS has been proposed, WHO (2011) regards good water as having a total dissolved solids (TDS) level of less than about 600 mg L-1 and drinking water becomes significantly and increasingly unpalatable at TDS levels greater than about 1000 mg L-1. Although the values of TDS recorded in the present study (55.3 - 392 mg L-1) are below the limit suggested by WHO (2011) they are much higher than those reported for drinking water reservoirs in Ethiopia including Legedadi Reservoir (25-77 mg L-1; Adane Sirage, 2006), Geffersa Reservoir (32-47 mg L-1; Nigatu Ebisa, 2010), and the small reservoirs in Kenya (29-82 mg L-1;Mwaura, 2003). Higher values of TDS were reported for Tekeze Reservoir (910-1770 mg L-1; Tsegay Teame and Haftom Zebib, 2016) and Lake Small Abaya (96-653.9 mg L-1; (Yirga Enawgaw and Brook Lemma, 2018a) ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Yirga Enawgaw</Author><Year>2018</Year><RecNum>170</RecNum><record><rec-number>170</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">170</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Yirga Enawgaw, </author><author>Brook Lemma, </author></authors></contributors><titles><title>Phytoplankton community composition and nutrient conditions as an indicator of ecosystem productivity in Lake Tinishu Abaya, rift valley, Ethiopia</title><secondary-title>International Journal of Fisheries and Aquatic Studies.</secondary-title></titles><periodical><full-title>International Journal of Fisheries and Aquatic Studies.</full-title></periodical><pages>173-186</pages><volume>6</volume><number>3</number><dates><year>2018</year></dates><urls></urls></record></Cite><Cite Hidden="1"><Author>Yirga Enawgaw</Author><Year>2018</Year><RecNum>170</RecNum><record><rec-number>170</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">170</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Yirga Enawgaw, </author><author>Brook Lemma, </author></authors></contributors><titles><title>Phytoplankton community composition and nutrient conditions as an indicator of ecosystem productivity in Lake Tinishu Abaya, rift valley, Ethiopia</title><secondary-title>International Journal of Fisheries and Aquatic Studies.</secondary-title></titles><periodical><full-title>International Journal of Fisheries and Aquatic Studies.</full-title></periodical><pages>173-186</pages><volume>6</volume><number>3</number><dates><year>2018</year></dates><urls></urls></record></Cite></EndNote>.
TSS values showed temporal variations, with peak values occurring during the main rainy season (June to August), which may have resulted from the introduction of suspended materials from the catchment area due to rainfall and the associated runoff. The values of TSS recorded in the present study for Dire Reservoir (31.5-239.5 mg L-1) are lower than those reported by Yirga Enawgaw and Brook Lemma (2018a), for Lake small Abaya (73.24-368 mg L-1).

5.2 Inorganic algal nutrients

The seasonal maxima in nitrate concentrations (in Dire reservoir) were observed in May 2018 at site 1 and site 3 and during August at site 2 indicating the dependence of nitrate levels in the study reservoir on precipitation and associated runoff. The nitrate concentrations of the present study are much lower than the maximum level tolerable by fish and other aquatic organisms (<5 mg L-1; Chattopadhyay and Banerjee, 2007) and the guideline value set by WHO (1996) to protect public health. Much higher values of nitrate were reported for Legedadi Reservoir (240 - 1850 μg L-1; Adane Sirage, 2006). Although the values of nitrate concentration in the present study are lower than those recorded for Oyun Reservoir (1400-6400 μg L-1; Mustapha, 2010),  ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Mustapha</Author><Year>2010</Year><RecNum>107</RecNum><record><rec-number>107</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">107</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Mustapha, Moshood Keke</author></authors></contributors><titles><title>Seasonal Influence of Limnological Variables on Plankton Dynamics of a Small, Shallow, Tropical African Reservoir</title><secondary-title>Asian Journal of Experimental and Biological Science</secondary-title></titles><periodical><full-title>Asian Journal of Experimental and Biological Science</full-title></periodical><volume>1</volume><number>1</number><dates><year>2010</year></dates><urls></urls></record></Cite></EndNote>they are considerably higher than those reported for Koka Reservoir (40 - 267 μg L-1; Hadgembes Tesfay, 2007), Geffersa Reservoir (10 - 300 μg L-1;  Nigatu Ebisa, 2010) and Belbela Reservoir (27 - 182 μg L-1; Feyisa Girma, 2011). 
The observed high nitrate levels in both Dire and Legedadi reservoirs seem to be the result of inputs from the surrounding agricultural lands on which fertilizers are commonly applied to enhance crop yield since nutrients may be washed into the reservoirs through runoff during periods of high rainfall. Although the highest concentration of nitrate in May coincided with the peak of phytoplankton biomass at site 1 of Dire reservoir, the correlation between nitrate concentration and phytoplankton biomass (Chl-a) was poor (r=-0.275, r2=0.075, p=0.068).

Despite the fact that ammonia-nitrogen in well-oxygenated shallow waters is usually low due to its rapid oxidation to nitrate (Kalff, 2002), and preferential uptake and assimilation by the photosynthesizing algae relative to the oxidized forms (Deriemaecker, 2013), its present levels in Dire (33.88-221.24 µg L-1) and  Legedadi reservoir (34.43- 44.38 µg L-1) are quite high. 

In the present study, ammonia concentrations in Dire reservoir fluctuated temporally with high and low values recorded in June and August, respectively. Algal biomass was positively, but not significantly correlated with ammonia (r = 0.221, p = 0.15). A similar correlation between algal biomass and ammonia concentration was reported for Geffersa Reservoir (Nigatu Ebisa, 2010). However, the reverse was true for Legedadi Reservoir (r = -0.251, p = 0.315), which is similar to that obtained in the study conducted by (Tadesse Ogato, 2007) on Lake Bishoftu. 

The concentrations of ammonia in Dire Reservoir were higher than those recorded for Legedadi reservoir in the present study. However, a similar study conducted by Adane Sirage (2006) on Legedadi Reservoir reported ammonia values which were below 50 µg L-1 during most of the study period. Much higher concentrations of ammonia were known from another drinking water supply Reservoir in Ethiopia, Geffersa Reservoir, whose ammonia concentrations were found to lie between 146 and 866 µg L-1 (Nigatu Ebisa, 2010). It can be seen that considerable variations occur in the concentrations of ammonia in lakes and reservoirs in Ethiopia and other countries including Dire and Legedadi reservoirs (Table 10) depending on the proximity of the water bodies to cities/towns, and industries, type of land use and extent of anthropogenic disturbance.
Table 13: The concentration of Ammonia in Dire, Legedadi and other reservoirs, and lakes in Ethiopia.

	Waterbody
	Ammonia (µg L-1)
	Reference

	Dire Reservoir
	33.88 – 221.24
	Present study

	Legedadi Reservoir
	34.43 – 44.38
	Present study

	Legedadi Reservoir
	ND – 300
	Adane Sirage (2006)

	Geffersa Reservoir
	146 – 866
	Nigatu Ebisa (2010)

	Lake Ziway 
	29 – 193
	Girma Tilahun and Ahlgren (2010)

	Lake Hawassa
	59 – 177
	Girma Tilahun and Ahlgren (2010)

	Lake small Abaya
	28.91 – 71
	Yirga Enawgaw and Brook Lemma (2018a)


The concentration of SRP showed significant temporal variations in Dire Reservoir with the maximum level occurring in June (91.59µg L-1), coincident with peaks in phytoplankton biomass at site 2 and 3 of Dire Reservoir and with the minimum (5.82 µg L-1) in July. The significant positive correlation observed between phosphate concentration and algal biomass in Dire Reservoir is in agreement with the report by Prairie et al. (1989) that Chl-a was strongly coupled to the measured concentrations of phosphorus. Similar correlations were also reported for Lake Chitu (Elizabeth Kebede et al., 1994) and Geffersa Reservoir (Nigatu Ebisa, 2010).

Although the values of SRP observed in the present study are higher than those reported for Ethiopian reservoirs and lakes including Belbela Reservoir (Feyisa Girma, 2011), and Lakes Ziway and Hawassa (Elizabeth Kebede et al., 1994; Girma Tilahun and Ahlgren, 2010) respectively, much higher values of SRP were reported for Legedadi (Adane Sirage, 2006), Geffersa (Nigatu Ebisa, 2010) and Oyun (Mustapha, 2010) reservoirs. The present higher concentrations of SRP in both the study reservoirs may be the result of intensive anthropogenic (human) activities carried out in the catchment areas of the reservoirs including the application of inorganic fertilizers to enhance crop production and livestock-holding operations and the resultant wastes washed away through runoff into the reservoirs, as suggested previously for Legedadi and Geffersa reservoirs by Adane Sirage (2006) and Nigatu Ebisa (2010) respectively. 

The concentrations of Total phosphorus (TP) recorded in the present study didn’t show significant temporal and spatial variations in both study reservoirs. The TP concentrations recorded for Dire (61.21-281.45 µg L-1)  and Legedadi (161.73-193.89 µg L-1) reservoirs are higher than the values reported for Lake Hawassa  (98µg L-1, Talling and Talling, 1965; 20.9-47.3µg L-1, Girma Tilahun and Ahlgren, 2010), Lake Ziway (53.9-83.1µg L-1; Girma Tilahun and Ahlgren, 2010) and Lake Timsah  (24-96 µg L-1; El-Serehy et al., 2018).

Unlike the other nutrients, molybdate reactive silica was found at concentrations far from the ambient level assumed to be limiting to the growth of diatoms (< 0.5 mg L; Reynolds, 2006) throughout the study period in both reservoirs. Although the sampling durations were different the silica maximum observed in the present study for both Dire and Legedadi reservoirs is much lower than that reported previously for Legedadi Reservoir (77 mg L-1; Adane Sirage, 2006). But, it is still comparable to that reported (13.4 mg L-1; Nigatu Ebisa, 2010) for Geffersa Reservoir. According to Zinabu Gebre-Mariam (2002), the variation in the level of this nutrient among reservoirs is obviously related to the geology of their basins, land use practices in their catchment areas and the extent of the silica contribution of the rivers that feed them. ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Feyisa Girma</Author><Year>2011</Year><RecNum>63</RecNum><record><rec-number>63</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">63</key></foreign-keys><ref-type name="Thesis">32</ref-type><contributors><authors><author>Feyisa Girma,</author></authors></contributors><titles><title>Temporal Dynamics of Water Quality and Community Structure and Photosynthetic Production of Phytoplankton in Belbela Reservoir, Ethiopia. MSc. Thesis. Addis Ababa University, Addis Ababa.</title></titles><dates><year>2011</year></dates><urls></urls></record></Cite></EndNote> Although the correlation between concentration of silica and diatom abundance was negative for Dire Reservoir (r = -0.136, r2 = 0.019, p = 0.371) and positive for Legedadi Reservoir (r = 0.393, r2 = 0.155, p = 0.284), it was not statistically significant for both reservoirs

 In general, among the recorded mean values of the physicochemical parameters, the pH values for Dire Reservoir are within the range set by WHO (2011), while the values measured in Legedadi Reservoir are higher than the upper boundary value of the range of pH levels set by WHO (2011). The values of EC recorded for both study reservoirs were within the permissible levels. Relatively higher values of turbidity were recorded in both Dire and Legedadi reservoirs indicating the unsuitability of their waters for drinking purpose. The values recorded for SRP and nitrate in the present study are below the standard levels set by WHO (2011).
Table 14: Mean values of some inorganic nutrients and the physicochemical parameters in comparison with the standard set for drinking water by WHO (2011).

	Parameters
	Dire Reservoir
	Legedadi Reservoir
	WHO (2011)

	Temperature (OC)
	17.97
	18.5889
	Cool

	DO (mg L-1)
	5.37
	5.91
	-

	pH
	6.23-8.74
	8.66-9.2
	6.5-8.5

	Electrical conductivity (EC) (µS cm-1)
	150.05
	137.73
	25-250

	Turbidity (NTU)
	279.14
	572.33
	5

	TSS (mg L-1)
	126.40
	327.08
	150

	TDS (mg L-1)
	193.74
	217.67
	500

	SRP (µg L-1)
	32.44
	81.86
	300

	Nitrate (mg L-1)
	0.217
	0.266
	50


5.3 Biological parameters

5.3.1 Phytoplankton species composition and abundance

Blue-greens were the major contributors to the total phytoplankton abundance throughout the study period both in Dire (over 20%) and Legedadi (over 50%) reservoirs. Massive occurrences of cyanobacteria were reported as toxic and have caused a number of animal poisonings and represent a threat to human health (Sivonen and Jones, 1999). Among the blue-greens Chroococcus turgidus and Microcystis spp. were the most important in terms of percentage contribution to the total phytoplankton abundance in both study reservoirs. The other numerically important cyanobacterial genus Anabaena was also abundant in Legedadi Reservoir especially at sites 1 and 2. Similarly, the dominance of blue-green was previously reported for Legedadi (Adane Sirage, 2006), Koka (Hadgembes Tesfay, 2007), Geffersa (Nigatu Ebisa, 2010), and  Belbela (Feyisa Girma, 2011) reservoirs, three Ethiopian rift valley lakes (Girma Tilahun and Ahlgren, 2010), and the crater lakes in Bishoftu (Tadesse Ogato, 2007). Among the blue-greens documented in the present study, Microcystis spp. and Anabaena were reported as the most toxic cyanobacterial taxa (Chorus et al., 2000) through the production of cyanotoxins (Microcystins) that attack the Liver. Since both Dire and Legedadi are drinking water reservoirs and there might be toxin production which can affect the consumer’s health, further investigations related to cyanobacterial toxin production and associated health problems are important in order to reduce the public health risks related to water quality.
There are marked variations in phytoplankton communities among Lakes and reservoirs, apparently due to the differences in their thermal regime (mixing/stratification), location and water quality parameters. It is well known that the changes in physicochemical characteristics of any water mass lead to associated qualitative and quantitative changes in phytoplankton communities. The persistence and dominance of cyanobacteria in the present study are probably associated with the fairly high levels of nutrients, particularly phosphate. 
Reynolds (2006) argued that one or several environmental factors such as light, temperature, water column mixing, and availability of nutrients in the open water can initiate and enhance the dominance of different algal groups. As many species of planktonic cyanobacteria possess specialized, intracellular gas vesicles, they are able to regulate buoyancy by regulating their carbohydrate and gas content their enhancing their growth opportunities (Chorus et al., 2000). Owing to the same adaptive feature blue-green algae would gain a competitive advantage from the poor underwater climate of the reservoirs. 
Positive buoyancy gives blue-green algae a competitive advantage over other algal groups as other algae like diatoms lack an effective mechanism of maintaining their vertical position in the water column. So, the dominance of blue-green algae in both Dire and Legedadi reservoirs was probably favored by the turbid, turbulent and nutrient-rich water column of the reservoirs. Mwaura (2003) also reported the dominance of blue-green algae in eight Kenyan highland reservoirs due to high nutrient loading after long periods of rain, high temperature, and ability to fix nitrogen during dry periods and regulate their vertical position in the water column. 

The other most important factor controlling the temporal dynamics of phytoplankton abundance and biomass in water bodies is population loss due to grazing by zooplankton. The dominant taxa of blue-green algae had, however, population peaks in June 2018 despite the concurrence of the second peak of the abundance of zooplankton spp. particularly copepods and cladocerans in Dire Reservoir. Similarly, blue-greens were abundant during July 2018 in Legedadi Reservoir regardless of the high abundance of zooplankton during this time. The dominant colonial and filamentous cyanobacteria in Dire and Legedadi reservoirs were probably less vulnerable to grazing by zooplankton. Carney and Elser (1990) have also demonstrated the weak effect of grazers on large-sized, cyanobacteria-dominated algal assemblages in eutrophic lakes.
From their study on Lake Kuriftu, Girum Tamire and Seyoum Mengistou (2013) noted the impact of the presence of larger algae on the grazing ability of zooplankton community thereby minimizing the ability of zooplankton to control the phytoplankton community. The possible explanation for the parallel occurrence of the seasonal peaks of the abundance of total phytoplankton and blue-greens, Chl-a biomass, as well as total zooplankton in both Dire and Legedadi reservoirs seems to be the resistance of blue-green algae to population loss due to zooplankton grazing. The dominance of green algae coincided with the seasonal minimum abundance of blue-green algae and considerably low abundance of rotifers. The poor representation of euglenoids and cryptomonads in the phytoplankton community of both reservoirs both qualitatively and quantitatively in the present study is consistent with the results of the study made by Adane Sirage (2006) who also reported the poor contribution of cryptomonads and euglenoids to total phytoplankton abundance in Legedadi Reservoir.

5.3.2 Phytoplankton biomass
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The lower values of phytoplankton biomass recorded in the present study for both reservoirs might be attributed with the presence of large sized zooplankton spp. like Daphnia and also the application of algaecides such as CuSO4- by Addis Ababa Water and Sewerage Authority (AAWSA) in order to avoid algal blooming in the reservoir’s water since both the study reservoirs are drinking water  supply reservoirs.

Table 15: Comparison of the concentration of Chl-a in the present study with those reported for other water bodies in Ethiopia.
	Waterbody
	Chl-a (µg L-1)
	References

	Legedadi Reservoir
	22.19- 39.45
	Adane Sirage (2006)

	Koka Reservoir
	4.86 - 221.01
65-255
	Hadgembes Tesfay (2007)
Yeshiemebet Major et al. (2018)

	Lake Hawassa
	34

	Demeke Kifle and Amha Belay (1990)

	Lake Ziway
	40
	Girma Tilahun and Ahlgren (2010)

	GeffersaReservoir
	2.29 - 40.67
	Nigatu Ebisa (2010)

	Dire Reservoir
	2.77-27.7
	Present study

	Legedadi Reservoir
	2.77-19.34
	Present study


Phytoplankton biomass was poorly correlated with the concentration of nitrate in both the study reservoirs. Demeke Kifle and Amha Belay (1990)  reported a similarly poor correlation between algal biomass and nitrate concentration in Lake Hawassa. Algal biomass was positively but not significantly correlated with ammonia concentration (r = 0.221, p = 0.15) in Dire reservoir, which is consistent with the results reported by Nigatu Ebisa (2010) for Geffersa Reservoir. However, phytoplankton biomass was negatively, but not significantly correlated with ammonia concentration in Legedadi Reservoir (r = -0.251, p = 0.315), which is similar to that reported by Tadesse Ogato (2007) for Lake Bishoftu. 
Algal biomass in Legedadi Reservoir showed a weak and negative correlation, and a positive and significant correlation with  SRP concentration in Dire reservoir (r = 0.338, r2 = 0.114, p = 0.023), a finding which is similar to the results of Hadgembes Tesfay (2007) who also reported a significant and positive correlation between the concentration of SRP and surface phytoplankton biomass at an offshore site of Koka Reservoir. Phytoplankton biomass (Chl-a) showed significant temporal variation in Dire Reservoir with phytoplankton biomass gradually increasing between May and July 2018 corresponding to the consistent increase in precipitation in the study area (Fig 2) but this was followed by a drop in phytoplankton biomass between July and August. The peak value of Chl-a was recorded during June 2018 which may be coincided with the high nutrient concentration followed by the second peak during the dry period (April 2018) that might be corresponded with relatively high water transparency. 
5.3.3 Taxonomic Composition and abundance of Zooplankton
In the present study, all species of rotifers, cladocerans, and copepods exhibited significant temporal variations in their abundance (Table 6). The zooplankton community of a water body is shaped by the relative importance of resource and predator control (Wetzel, 2001). Although the species richness of the zooplankton community in Dire Reservoir (7 rotifers, 7 copepods, and 3 cladocerans) was relatively higher than that in Legedadi Reservoir (2 rotifers, 5 copepods, and 2 cladocerans) the overall zooplankton diversity in both were noticeably low during the present study period. Such low taxa numbers, however, appear to be a typical feature of tropical water bodies (Seyoum Mengestou and Fernando, 1991). Copepods were the most important in terms of both species composition as well as abundance in the study reservoirs as they usually are in other tropical and subtropical lakes and reservoirs 
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(Seyoum Mengestou and Fernando, 1991; Ayalew Wondie and Seyoum Mengistou, 2006; Tadesse Fetahi et al., 2011)
. The high percentage contribution of copepods observed in August (Dire Reservoir) corresponded to the highest peak of the abundance of blue-greens and low Chl-a biomass, which may indicate that zooplankton are at least partially responsible for the decline of phytoplankton abundance and biomass. 
The peak of the abundance of copepods at the time of the large peak of diatoms and green algae could be related to the presence of suitable food items (Nigatu Ebisa, 2010). According to Tadesse Fetahi et al. (2011) Thermocyclops feed on other food sources in addition to phytoplankton to supplement its diet or the influence of this species was too low.  Despite the discrepancy in opinion on the nutritive value of diatoms, Porter (1972) reported many field observations supporting the idea that diatoms are an excellent food for the growth of herbivorous zooplankton. Tadesse Fetahi et al. (2014) reported the tolerance of copepods to hypoxic conditions, which is the most perturbing condition for cladocerans communities. The low DO concentrations recorded for most sampling times might be the factor which favored dominance and abundance of copepods other than the other zooplankton taxa, in the present study. Of copepods spp. examined in the present study Thermocyclops produce a red pigment on their bodies which was reported as a mechanism against harmful ultraviolet radiation (Hansson, 2000). Tadesse Fetahi et al. (2011) also reported the acquisition of oxygen by red copepods, especially Thermocyclops in Lake Hayq although they suggested a need for further investigation on this.
The low percentage contribution of copepods observed in June might be associated with the high phytoplankton biomass. An abrupt drop in the abundance of copepods in June and July occurred coincident with the drop of all major phytoplankton groups except blue-greens and diatoms, and one of the major peaks of abundance of cladocerans and the only peak in the abundance of rotifers in Dire reservoir, which may indicate lower food availability for the copepods and higher competitive ability of rotifers. The numerical importance of Copepods in both Dire and Legedadi reservoirs is broadly similar to the results obtained for Belbela Reservoir (7-66%; Feyisa Girma, 2011) ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Feyisa Girma</Author><Year>2011</Year><RecNum>63</RecNum><record><rec-number>63</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">63</key></foreign-keys><ref-type name="Thesis">32</ref-type><contributors><authors><author>Feyisa Girma,</author></authors></contributors><titles><title>Temporal Dynamics of Water Quality and Community Structure and Photosynthetic Production of Phytoplankton in Belbela Reservoir, Ethiopia. MSc. Thesis. Addis Ababa University, Addis Ababa.</title></titles><dates><year>2011</year></dates><urls></urls></record></Cite></EndNote> while it contrasts with that reported by Rediet Abate (2008)  for Lake Hora-Kilole in which copepods were rarely encountered in the zooplankton samples. 

Although Wetzel (2001) claimed that the physical conditions such as turbidity affect cladoceran dynamics interfering with their locomotion or food search, the peak of the abundance of cladocerans was recorded at times of high turbidity. Higher cladoceran abundance during the time of high turbidity was also reported by Ma et al. (2019) for a Small Xingkai wetland Lake in China. The increase in density of cladocerans during the wet months May and June might be associated with allochthnous organic matter input that favors the growth of some phytoplankton spp. into the lake. Thus, phytoplankton species in the reservoir may be shifted, which are edible by filter-feeder cladocerans. The peak abundance of cladocerans occurred after the inflows of catchment flood that bring particulate organic matter to water bodies serves as a medium for the growth of bacteriophytes that are a good source of food for cladocerans (Tesfaye Delelegne, 2006). A similar peak abundance of cladocerans were also reported to have occurred during the wet months in Lake Hora-Kilole (Rediet Abate, 2008),  Lake Beseka (Tesfaye Delelegne, 2006), Lakes Abjata and Langano (Kasshun Wodajo and Amha Belay, 1984), and Lake Hawassa by Seyoum Mengistou (1989). 
Although many studies in tropical lakes and reservoirs 
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(Porter, 1972; Fernando, 1994; Rediet Abate, 2008; Feyisa Girma, 2011)
 have indicated the dominance of rotifers and low abundance of large-sized zooplankton due to strong mortality associated with fish predation, Cottingham et al. (1997) reported the dominance of large-bodied cladocerans like Daphnia in lakes with little  or no zooplanktivory associated with selective predation by fish on larger zooplankton. Dire reservoir the subject of the present study is one of the drinking water supply reservoirs with no zooplanktivorous fish (personal observation) and hence the absence of predator of the zooplankton community may explain the presence of large-sized cladocerans throughout the study period in the Reservoir. The quantitative importance of cladocerans in reservoirs of the present study is in line with the results reported for Lake Hora-Kilole by Rediet Abate (2008).

Rotifers were the least abundant and frequent zooplankton group, which comprised the highest number of species although they were encountered only during the fourth sampling month, July 2018 which could be due to food limitation and predation. Girum Tamire and Seyoum Mengistou (2013) reported that the zooplankton community in Lake Kuriftu was dominated by cyclopoid copepod followed by rotifers. A similarly low abundance of rotifers was also reported for Lake Hayq (Elizabeth Kebede et al., 1992; Tadesse Fetahi et al., 2011) and the authors identified food limitation and predation as the cause for the decline in rotifer abundance. Besides, large cladocerans are known to reduce phytoplankton biomass significantly, even to the extent that becomes too low to sustain other zooplankton spp. (Lampert and Rothhaupt, 1991) and copepods also fed on rotifers (Scheffer, 1998). However, an overwhelming dominance of rotifers in terms of species richness and abundance over cladocerans and copepods was also reported for Koka Reservoir (Fasil Degefu et al., 2011; Yeshiemebet Major, 2016).
5.4 Estimation of Trophic Status from Trophic State Index (TSI)
On the basis of the trophic state index (TSI) determined using the model developed by Lamparelli (2004) for tropical waters, both reservoirs fell under the category of hypereutrophic systems even when all sites of both reservoirs were considered separately. According to the results of ANOVA, the TSI values for sampling sites considered in this study were not significantly different (P > 0.05) suggesting an overall hypereutrophic state of both Dire (88.66) and Legedadi (87.95) reservoirs. The maximum and minimum TSI values were attained during April and August, and July and August in Dire and Legedadi reservoirs respectively, with the peak in TSI value occurring at site 1 of both Dire and Legedadi reservoirs, which might be attributed to the high load of nutrients entering the reservoirs from their catchments through Dire and Lege bolo rivers, respectively. When the trophic state index parameters were treated separately, the reservoirs could still be regarded as being hypereutrophic in terms of both Chl-a and TP. 
Although the model used to determine the trophic state didn’t consider water transparency, both the study reservoirs are light limited having low Secchi depth values. Even if the results of the present study are similar to the previously reported values for Dire Reservoir by Lelisa  Gemechu (2011) year round study should be done to understand the overall trophic status of the water on those reservoirs other than concluding based the results obtained from short sampling durations (especially for Legedadi Reservoir). 
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5.5 Water Quality Index (WQI)
The minimum and maximum values of WQI recorded for Dire Reservoir are 57.6 in June at site 2 and 73.65 in July, respectively. There was significant variation in WQI values among the sampling sites of both Dire and Legedadi reservoirs, with the lower WQI value for site 2 of Dire reservoir, which could be attributed to the high concentration of suspended as well as dissolved solids and nutrients entering the other sites due to runoff since both reservoirs were studied on the onset and during the rainy seasons year round study should be done. Most of the calculated WQI values for Dire Reservoir were between 55 and 75 strongly suggesting the placement of the water in the Reservoir in the category of medium water quality. 
The present WQI values for Dire reservoir are comparable with the results reported for Ghohrood River, in    India (60.93-86.87; Dehghani et al., 2018).  ADDIN EN.CITE <EndNote><Cite Hidden="1"><Author>Dehghani</Author><Year>2018</Year><RecNum>39</RecNum><record><rec-number>39</rec-number><foreign-keys><key app="EN" db-id="esax2av05zx5eqevfvfvaa2rva0w99trd0er">39</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Dehghani, Rouhullah </author><author>Miranzadeh, Mohammad Bagher </author><author>Jannat, Behrooz</author><author>Akbari, Hossein </author><author>Babaei,  Mojtaba </author><author>Moghaddam, Vahid Kazem</author><author>Mazaheri, Ashraf</author><author>Chimehi, Elahe </author><author>Takhtfiroozeh, Seyedmahdi </author><author>Salehi, Hossain </author></authors></contributors><titles><title>Study on Water Quality in the Ghohrood River of Kashan using National Sanitation Foundation Water Quality Index (NSFWQI) and its Zoning using Geographic Information System (GIS)</title><secondary-title>Journal of Communicable Diseases</secondary-title></titles><periodical><full-title>Journal of Communicable Diseases</full-title></periodical><pages> 29-36</pages><volume>50</volume><number>4</number><dates><year>2018</year></dates><urls></urls></record></Cite></EndNote>However, the WQI values calculated for Legedadi Reservoir were much lower (39.14 to 43.78) indicating the bad quality of the reservoir's water. The lower WQI values at all the sampling sites of Legedadi Reservoir clearly showed the decline in the quality of the water in the reservoir, unraveling the increased human-induced disturbance (anthropogenic activities) including the use of agricultural chemicals around the reservoir, which directly enters the water body and affect its quality. 
Despite the fact that Dire and Legedadi reservoirs supply more than 80% of the drinking water supply for the residents of the capital city Addis Ababa (Adane Sirage and Demeke Kifle, 2017), the results of WQI for both reservoirs indicated the unsuitability of the raw water for drinking and the fact that water from these reservoirs are suffering from pollution problems. Although the method they used to calculate the WQI is different, Yirga Enawgaw and Brook Lemma (2018b) also reported higher values of WQI (90.91-313.45) for Lake Small Abaya, which suggests that the water is unsuitable for drinking purpose.
6. Conclusions and recommendations

The results of the present study showed that both Dire and Legedadi reservoirs are light limited and hypereutrophic water bodies, with high levels of nutrients, particularly nitrate and phosphate to which human disturbance associated with agricultural activities and turbidity being the most important factors contributing for the water quality in those reservoirs. The WQI results also show that the water in Legedadi Reservoir has bad quality although it was sampled only twice in the rainy season. Despite the high levels of inorganic nutrients in both study reservoirs, the phytoplankton biomass was low, which seems to be mainly due to the application of an algaecide Copper sulfate (CuSO4-) to control algal blooms as both the study sites are drinking water reservoirs. The other main factor for the low phytoplankton biomass in the present study was high turbidity and the resultant low water transparency.
The phytoplankton community is characterized by low species diversity and the predominance of cyanobacteria, which was primarily constituted by C. turgidus and Microcystis spp. in Dire Reservoir and additionally Anabaena spp. in Legedadi Reservoir indicating the poor ecological status and water quality of both reservoirs. Based on the results obtained in the present study, the following recommendations are made with a view to protect the ecological integrity of the reservoirs and minimize the risk associated with environmental degradation.

· Year round (seasonal) studies on the overall physicochemical and biological water quality parameters of the water from reservoirs to the house hold taps is very important.
· Studies on physical features like the bathymetry of Dire reservoir are important and should be done in future investigations.
· A detailed study on the absence/presence of fish should be carried out and if there are fish spp. inhabiting Dire reservoir, the role played by the fish in the spatial and temporal variations of the biological (phytoplankton and zooplankton) communities should be given due consideration in future investigations. 

· There is a need for a closer look at the impact of human activities like agriculture, shoreline modification, and removal and replacement of the native plant species surrounding the reservoirs with other plants like Eucalyptus globulus in order to reduce and prevent further degradation of these drinking water reservoirs and conserve their resources.
· To come up with a more complete picture of the water quality of these drinking water reservoirs, studies should be conducted on toxin producing algal spp. and their effect on living organisms should be done.
· Making a buffer zone by planting vegetation (macrophytes) having a good ability to assimilate nutrients to reduce the input of nutrients washed away from the catchments into these water bodies through runoff. Continuous monitoring of the quality of these drinking water supply reservoirs should be done by all the concerned bodies.
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