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ABSTRACT 

Legedadi Reservoir, a major source of drinking water for Addis Ababa, is experiencing algal 

bloom frequently. A study on Physico-chemical and biological (phytoplankton and zooplankton) 

parameters could give some clue on alternative ways of controlling the algal blooms. Some 

limnological features of the reservoir were studied to this end. Samples were taken monthly at 

three stations from May to October 2017 on both parameters. All the data were collected and 

analyzed using standardized sampling techniques and methods. A 15µm and 30µm mesh size 

plankton nets were used for phytoplankton and zooplankton sampling, respectively.  

The results indicated that the reservoir is remarkably fresh, (0.08 ‰), turbid, moderately warm 

(19 oC), and less oxygenated (5.93 mg L-1). It is one of the most turbid waters (239 - 936 NTU) 

in Ethiopia with shallow Secchi depth (0.098 m) and with high values of algal nutrients and 

alkalinity. All abiotic parameters considered in the study did not show spatial variation except 

pH and sulfate (SO4), which also exhibited significant temporal variation (ANOVA, α = 0.05). 

A total of 14 algal species belonging to four taxonomic classes were identified. Microcystis 

species and filamentous, Anabaena and Planktolyngbya species were the most dominant ones in 

the reservoir. Phytoplankton biomass as Chl-a ranged from 1.1 to 14.3 µg L-1with a mean value 

of 5 µg L-1. The minimum value was recorded in the rainy season (June – September) while the 

maximum was in late October. The photosynthetic productivity of phytoplankton of the reservoir 

as the rate of photosynthesis (Amax) ranged from 58 mg C m-3 h-1 to 128.5 mg C m-3 h-1.  

26 typical tropical species of zooplankton were identified from the reservoir, of which 21 species 

belonged to Rotifera while 4 species belonged to Copepoda and one species (Daphnia barbata) 

to Cladocera. Total zooplankton abundance (27, 470 ind m-3) was dominated by copepods (53 %) 

followed by rotifers (47 %). Among the rotifer abundance(12,844ind m-3) Brachionus sp., Filinia 

opoliensis, Keratella tropica, and Polyarthra remata were the most abundant and persistent 

while Metadiaptomus colonialis and Paradiaptomus (Lovenula) falcifera were the most 

abundant and persistent copepods. 

The size of zooplankton was of typical tropical small nature. Zooplankton biomass ranged from 

0.43 to 94.2 mg DW m-3 with a mean value of 21.5 mg DW m-3. Of the total standing biomass of 

zooplankton, 97 % (21 mg DW m-3) was contributed by copepods, 2 % (0.4 mg DW m-3) by D. 



 

V 

barbata, and 1 % (0.1 mg DW m-3) by rotifers. 40.8 % of the mean zooplankton biomass was 

contributed by nauplii of copepods (both calanoid and cyclopoid) while Filinia opoliensis 

accounted for 66 % of the total rotifer biomass. 

ZB to Chl-a ratio for Legedadi Reservoir is of high magnitude (4.3) indicating that zooplankton 

biomass is capable of controlling phytoplankton biomass in the reservoir. However, the dominant 

zooplankton in the lake are Rotifera with small body sizes and incapable of grazing on the large 

inedible algae. Hence, although zooplankton is maybe capable of controlling the frequently 

observed algal bloom in the reservoir, most of the bloom is contributed by inedible larger algae 

such as Microcystis, Anabaena, and Planktolyngbya species. Hence, the biomanipulation option 

of algal control with zooplankton grazing does not appear to be promising. A remote option 

would be to investigate herbivore fish that can selectively graze on these algal species in the 

reservoir. 
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1. INTRODUCTION 

1.1. BACKGROUND OF THE STUDY 

Limnological study is a growing science in Ethiopia, with more emphasis placed on the plankton 

community and water quality. Such scientific investigations were pursued in temperate countries 

almost a century ago Tadesse Fetahi et al. (2011a). In Ethiopia, limnological investigations 

started around in the 1930s (Lowndes, 1930 and Bryce, 1931 cited in Adamneh Dagne et al., 

2008) but rose sharply during the last three-decade (Kassahun Wodajo and Amha Belay, 1984; 

Demeke Kifle and Amha Belay, 1990; Green and Seyoum Mengestou 1991; b; Seyoum 

Mengestou and Fernando, 1991b; Elizabeth Kebede and Willén, 1996). Phytoplankton were the 

first to be studied well in Ethiopian water bodies in relation to the water physico-chemical 

parameters, as they are the base of the aquatic food web and the most important one for the 

survival of other aquatic life. Consequently, zooplankton communities and zoobenthos were 

studied in various water bodies. 

Zooplankton occupies a key position and plays a major role in controlling phytoplankton 

production, shaping the pelagic ecosystem, and transfers the organic energy produced by 

unicellular algae through photosynthesis to the higher trophic levels like planktivorous fish 

(Harris et al., 2000; Cole et al., 2013). Since they are the mediator for energy transfer between 

the bottom-up controller (phytoplankton) and top-down controller (fish). Zooplanktons are a 

good grazer on the algal community in the ecosystem while they are being ingested and serve as 

a good feed for the higher trophic level.  For this reason, they are playing important roles in 

controlling algal biomass and the trophic status of the water body. A typical example of this 

phenomenon in Ethiopia is Lake Hayq. The lake was known in its oligotrophic status before the 

introduction of planktivorous fish, Oreochromis niloticus (Nile Tilapia), in the late 1970s and 

become a eutrophic lake. According to Tadesse Fetahi et al. (2011b), as the mixed trophic index 

shows, one of the possible reasons is the high grazing rate of tilapia on the larger zooplankton, 

Daphnia Magna, which induced the increment of algal biomass due to the trophic cascade effect. 

Direct predation pressure from fish can significantly impact zooplankton communities. In an 

aquatic ecosystem, copepods are the predominant zooplankton which supports a wide range of 

aquatic biota in the higher trophic level (Valentine, 2015). Moreover, calanoids are the most 

important and dominant zooplankton in the marine food webs in the temperate (Sun et al., 2017) 
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while the existence of calanoid copepods is rare in many tropical lakes (Fernando, 1980). 

Thereby, zooplankton indirectly indicates trophic interactions between phytoplankton/bacterio-

plankton and zooplankton as well as zooplankton and fishes, hence, eutrophication as well as fish 

predation on zooplankton (Simm et al., 2014). Therefore, zooplankton community analyses can 

provide important information about the trophic status and secondary production of the aquatic 

ecosystem (Guevara et al., 2009) and the strength of energy transfer (Tadesse Fetahi et al., 

2011b). 

The study of the zooplankton community dates back long years even if it is younger in Africa, 

especially in Ethiopia. The baseline for our knowledge about tropical freshwater science stems 

from pioneer scientists coming from temperate regions (Adamneh Dagne, 2010). Then, different 

scientific investigations have been done on the tropical zooplankton community and current 

information in this regard is available (Fernando, 2002; Guevara et al., 2009; Talling, 2011). The 

tropical environment is believed to show lower zooplankton species diversity than their 

temperate counterparts (Guevara et al., 2009). Tropical aquatic ecosystems rarely have larger 

crustacean zooplankton as compared to the temperate region. However, saline zooplankton and 

phytoplankton species diversity is much higher in the tropical region than in the temperate one 

(Fernando, 2002).    

Likely different aspects of the zooplankton community of the African aquatic ecosystem were 

studied in freshwater (Okogwu, 2010) as well as saline water (Mageed, 2006; Oberholster et al., 

2009). Similar studies also have been done on Ethiopian rift valley lakes on freshwater 

zooplanktons as well as on saline lake: on Lake Aawasa (Seyoum Mengestou et al., 1991; 

Seyoum Mengestou and Fernando, 1991b), Lake Ziway (Adamneh Dagne et al., 2008; Adamneh 

Dagne, 2010) and Lake Langano and Lake Abijata (Kassahun Wodajo and Amha Belay, 1984). 

Zooplankton community dynamics are also studied in tropical highland lakes: Lake Tana 

(Ayalew Wondie and Seyoum Mengistou, 2014), Lake Hayq (Tadesse Fetahi et al., 2011a), and 

Lake Kuriftu (Eshete Assefa and Seyoum Mengistou, 2011). Moreover, some similar 

information is available on some reservoirs: Koka reservoir (Melaku Mesfin and Amha Belay, 

1989) and Geffersa reservoir (Nigatu Ebisa, 2010). However, a similar study is lacking from 

Legedadi reservoir other than Defaye (1988) and Habte Jebessa (1994) those had a single and 

two times sampling for their study, respectively. 
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Legedadi reservoir was constructed for domestic water supply for the largest city of Addis 

Ababa. However, the city is getting its water supply basically from three reservoirs (Dire, 

Geffersa, and Legedadi) and groundwater (Akaki). Legedadi reservoir provides the largest 

proportion of drinking and household water to the city of Addis Ababa with a production 

capacity of 195,000 m3d-1 and actual production of 165,000 m3d-1 (AAWSA, 2012). The most 

common worldwide problem in the water quality of lakes and reservoirs is siltation and 

eutrophication which result in the formation of algal bloom, the excessive growth of algae in a 

water body. Similarly, the scum forming algae were reported in the Legedadi reservoir which 

was dominated by Cyanobacteria mainly Microcystis and Anabaena (Adane Sirage, 2006). This 

may trigger the alteration of the physicochemical and biological features of the aquatic 

ecosystem. Such kind of problem is the most serious problem on commercially and aesthetically 

valuable lakes and reservoirs and becomes most severe especially in domestic water supply lakes 

and reservoirs (AAWSA, 1994). Zooplankton will have a great role in these productive lakes and 

reservoirs, but little is done in terms of zooplankton in Legedadi reservoir. Therefore, this study 

tries to investigate the composition and abundance of zooplankton and estimate the biomass of 

major zooplankton in Legedadi reservoir.  

1.2. STATEMENT OF THE PROBLEM 

A reservoir is an artificially constructed dam to satisfy human benefits like agriculture, 

hydropower, industry, and household supply purpose. The major concerns in providing this 

socioeconomic service sustainably are scarcity of freshwater in terms of availability and 

accessibility and water quality deterioration of the available freshwater. For these reasons, there 

is a need for especial continuous water quality assessment and strict water management on the 

water bodies that are providing this service (AAWSA, 1994; Adane Sirage, 2006). One of the 

most common water quality problems in reservoirs is the excessive growth of algae which form 

scum and clog sand filters. The other is sedimentation which will reduce the capacity of the dam 

to hold water. These all may reduce the economical, aesthetical and ecological value of the 

reservoirs.  

In Legedadi reservoir, there is high sedimentation that comes from the watershed into the 

reservoir. A bathymetric survey shows that sediments are accumulating at a rate of 0.11Million 

m3/year (Andualem Gessese, 2008). Similarly, the results of the study by Sisay Habtegebreal 
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(2014) indicate the presence of continuous and active land use and land cover change at various 

spatial and temporal scales in the reservoir catchment. This will aggravate the increment of 

sedimentation rate of the reservoir due to the faster increment of soil erosion. The mean annual 

soil loss of the catchment was 54.19 t/ha/yr in 1997 and become 66.21 t/ha/yr in 2013 which 

shows an increment trend(Sisay Habtegebreal, 2014). As the result, the 2010 survey showed a 

total reservoir volume of 42.17 million m3 which shows a reduction of 3.72 million m3 since 

1979 and 1.62 million m3 since 1998 or an average annual siltation rate of 120,000 m3 yr-1 

between 1979 - 2010 and 135,000 m3 yr-1 between 1998 - 2010 (AAWSA, 2012). Consequently, 

the turbidity of the reservoir increased twice in a decade in the last 40 years. This high level of 

inorganic water turbidity allows the proliferation of Cyanobacteria over the other phytoplankton 

groups (Chorus and Welker, 2021). Cyanobacteria mainly Microcystis and Anabaena are the 

algae that are responsible for the algal bloom that is frequently observed in Legedadi reservoir. 

Controlling the algal bloom observed in Legedadi reservoir is a major challenge for AAWSA 

(AAWSA, 2012). The problems in related to algal bloom in the reservoir are discussed in detail 

in the next section (statement of the problem). However, the variation in algal biomass and 

production (Adane Sirage, 2006) would bring spatial and temporal variation in composition, 

abundance, biomass, and production of zooplankton as confirmed by several studies. Several 

factors can induce seasonality of zooplankton, phytoplankton, and ultimately changes in food 

quality and quantity (Seyoum Mengestou and Fernando, 1991a). A change on some 

physicochemical parameters may bring a variation of zooplankton community, like conductivity 

and Chl-a concentration (Kassahun Wodajo and Amha Belay, 1984), temperature and mean 

depth (Shuter and Ing, 1997), water hardness, phosphate, Chemical Oxygen Demand (COD) and 

Total Suspended Solid (TSS) (Guevara et al., 2009) and water-column salinity (Coyle and 

Pinchuk, 2003). As such, all anthropogenic and/or naturally induced changes of these 

environmental variables are capable of causing phytoplankton and zooplankton variability. 

The reservoir water has also failed to meet the WHO requirements for potable water supply in 

terms of odor, taste, and color. Problem analysis of AAWSA (1994) reported that water is 

negatively affected by taste and odor which is caused by the high level of phytoplankton biomass 

formation even if the causes are not completely known. The occurrence of algal bloom in the 

reservoir is also confirmed by (Adane Sirage, 2006) which alters the odor and color of the water 

somehow. Moreover, algal blooms reduce the water clarity and biodiversity, produce poisons 
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that may fatal for other aquatic organisms including human health (dermatitis, neurotoxicity, and 

hepatotoxic) (AAWSA, 1994; Adane Sirage, 2006). One of the major toxin producers and 

nuisance algae is Microcystis aeruginosa which is observed in Legedadi reservoir (Melaku 

Mesfin and Amha Belay, 1989; AAWSA, 1994; Adane Sirage, 2006). In earlier studies, this 

species was well known for its toxic and fatal behavior and similarly, it was reported in Lake 

Chamo (Amha Belay and Wood, 1982).  

As the reservoir is a water supplier of Addis Ababa which has a population of around 7.2 Million, 

the problem has become most serious and severe. To control the algal bloom, Addis Ababa 

Water and Sewerage Authority (AAWSA) have been taking two mitigation measures. The first 

one is using copper sulfate which may affect other non-targeted aquatic organisms including fish 

and humans (AAWSA, 1994; Adane Sirage, 2006; Andualem Gessese, 2008; AAWSA, 2012). 

The second one is pre-chlorination (AAWSA, 2012). Chlorine is one of the well-known toxic 

chemicals for life and United Nations listed the chemical as a dangerous chemical weapon. 

Therefore, both chemicals, AAWSA are using for algal bloom control, are eco-toxicant and 

risky. In addition to their ecological risks, both the chemicals are imported from abroad. 

Therefore, on average the state incurs a water treatment cost of 12.6 million birr/year (Andualem 

Gessese, 2008). For such aquatic ecosystem biomanipulation using zooplankton may be one 

solution in controlling algal bloom. However, biomanipulation seems difficult in this turbid 

reservoir, Hart (2011) indicates the possibility of biomanipulation in four mineral turbid 

reservoirs in South Africa. Therefore, there is a need to study zooplankton community structure 

to come up with a better solution to control the experience of algal bloom in the reservoir. But 

current information of the zooplankton community structure of the reservoir is not available 

rather than for looking their composition in two times sampling in two months (Habte Jebessa, 

1994). That is why this study is needed to evaluate the community structure of zooplankton in 

the reservoir which is usually studied its water quality and phytoplankton. 

The entire above situation and its sensitiveness to environmental change make the reservoir 

suitable for scientific investigation and attract the interest of investigators. Some studies are done 

on different aspects of Lagedadi Reservoir: Phytoplankton (Melaku Mesfin and Amha Belay, 

1989; Adane Sirage, 2006; Adane Sirage and Demeke Kifle, 2018), physicochemical nature 

(Adane Sirage and Demeke Kifle, 2017), sedimentation (Andualem Gessese, 2008), land use and 
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land cover (Sisay Habtegebreal, 2014) and zooplankton community grazing rates (Habte Jebessa, 

1994). These indicate this reservoir is mostly studied for its water quality and phytoplankton 

community structure rather than zooplankton community structure. The phytoplankton biomass, 

estimated as chlorophyll-a, was 22.19 to 39.45 mg m-3 (Adane Sirage, 2006; Adane Sirage and 

Demeke Kifle, 2018). Almost all the above studies conducted on Legedadi reservoir are focusing 

only on the bottom-up control effect of nutrient and environmental conditions on the 

phytoplankton which misses the top-down effect of zooplankton. Nigatu Ebisa (2010) reported 

the presence of a direct relationship in the composition and abundance of phytoplankton and 

zooplankton in Geffersa reservoir. It indicates that zooplanktons can shape the phytoplankton 

community of the reservoir due to the top-down control effect. As such they are a good aquatic 

organism in aquatic ecosystem management and are used for biomanipulation of aquatic 

ecosystem which face algal bloom as they are good grazers. Therefore, zooplankton community 

analyses can provide important information about the trophic status and production of the aquatic 

system (Guevara et al., 2009). Therefore, the study mainly aims to fill the gaps related to the 

zooplankton community in Legedadi reservoir and try to come up with an alternative solution for 

algal control.  
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1.3. RESEARCH QUESTIONS 

➢ Which zooplankton community is found and dominates in the reservoir?  

➢ Is there any spatial and temporal variation in the distribution of zooplankton community 

in the reservoir?  

➢ What is the biomass of major zooplankton species in the reservoir ecosystem?  

1.4. OBJECTIVE OF THE STUDY 

1.4.1. General objective 

The main objective of this study is to investigate zooplankton composition, abundance, and 

biomass of dominant zooplankton in Legedadi reservoir with the view to assess biological 

control option of algal blooms in the reservoir. 

1.4.2. Specific objective 

 The specific objectives are: 

➢ To identify zooplankton species composition. 

➢ To investigate the spatial distribution of zooplankton species. 

➢ To determine the abundance of zooplankton. 

➢ To estimate the biomass of dominant zooplankton. 

1.5 SIGNIFICANCE OF THE STUDY 

There is no documented study on the community structure of zooplankton and their ecological 

role in Legedadi reservoir except the study of Habte Jebessa (1994) for only two samplings. As 

such this study was able to fill this scientific gap and increase our understanding of zooplankton 

community structure and their role in Legedadi reservoir. Even though studies focused on the 

water quality and phytoplankton dynamics and variability related to physicochemical parameters, 

they miss the major biological parameter which is capable of controlling the phytoplankton 

structure and biomass. It was important to look over these crucial biological parameters in this 

algal bloom suffering reservoir. This indicates most studies are done on the bottom-up control 

theory in missing the top-down control theory. The top-down control effect is mainly related to 

zooplankton community and pisci-fauna in this specific ecosystem. This study also generated 

important information which could be input and base for the forthcoming investigations and 
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indicate what the gap is to be investigated. The finding of this study will have a higher 

contribution and be a good input to model the ecology of Legedadi reservoir.      

1.6  SCOPE OF THE STUDY 

This study was mainly focused on the identification, enumeration, and estimation of the biomass 

of zooplankton community specifically rotifers and microcrustaceans (cladocerans and 

copepods) in Legedadi reservoir. Although the information on the grazing rate of zooplankton 

and consumption of them by the fish (gut content analysis) in the reservoir were important, this 

study didn’t look over it due to time limitation. In addition to this major physicochemical and 

biological parameters were determined based on field and laboratory experiments. All data were 

generated from triplicate samples. In this study, the identification was done at the lower 

taxonomic level in zooplankton as much as possible except for the nauplii and copepodite stages. 

However, there is a limitation of taxonomic capacity in identifying the phytoplankton to the 

lower level. Three sampling stations were selected near the dam, shore, and center purposefully 

to look at the presence of spatial variation. Results of the study were discussed relative to other 

reservoirs and lakes. The dominant and nuisance algal groups in Legedadi reservoir may be too 

large to be grazed by the zooplankton in the reservoir.  
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2. LITERATURE REVIEW 

In the aquatic ecosystem which supports a wide range of life, the roles of plankton as producers 

and consumers are much investigated worldwide. The term plankton is formerly coined by 

Hensen (1887) and defined as “plankton is comprised of all particles and materials, which float 

in the water column, no matter whether they occur in the upper or deeper layers of the water 

column, or whether they are alive or dead” – but dead plankton is said to be detritus now. 

Plankton pertains to the small organisms that drift, float, or weakly swimming in aquatic 

habitats. Singh et al. (2017) classified plankton into two groups based on quality as 

phytoplankton (plant plankton) and zooplankton (animal plankton).  

Some of the planktonic organisms are capable of diel vertical migration but they, in general, flow 

with their surrounding currents. Moreover, they may be classified according to their trophic level 

groups: phytoplankton, zooplankton, bacterioplankton, and mycoplankton (Harris et al., 2000). 

This review entirely discusses zooplankton. The term Zooplankton pertains to the animal or 

animal-like organisms comprising the plankton. Most of them are microscopic, such as protozoa, 

crustaceans, and eggs and larvae of certain aquatic animals. Most limnological studies of 

zooplankton focused mainly on three groups: Phylum Rotifera (Rotatoria), Order Branchiopoda 

(Cladocera), and Order Copepoda. Hereafter, the term zooplankton refers mainly to rotifers, 

cladocerans, and copepods.  

2.1. Role of zooplankton 

Zooplankton plays a crucial role in keeping the ecosystem safe. Their ecological role is largely 

determined by their position and significance in the food chain (Cole, 1983; Harris et al., 2000). 

In the ladder of the aquatic food chain, zooplankton is an indispensable link (Tadesse Fetahi et 

al., 2011a). Such a key position of zooplankton was acknowledged since the beginning of the 

Global Ocean Ecosystem Dynamics (GLO BEC) program in 1991 (Saiz et al., 2007). Unlike 

algae or phytoplankton, zooplankton is microscopic animals that do not produce their food. They 

are responsible for eating millions of little algae that may otherwise grow to an out-of-control 

state. In fact, as mostly filter feeders, a community of zooplankton can filter through the volume 

of an entire lake in a matter of days (Wilkinson, n.d.). Due to the top-down control nature of 

zooplankton, they are being used for various lake restorations through the biomanipulation 
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method. Lake Washington is recovered from the eutrophic state to the oligotrophic state after 

enhancing Daphnia species (Harper et al., 1995). Shapiro and Wright (1984) defined 

biomanipulation as “the deliberate exploitation of the interactions between the components of the 

aquatic ecosystem to reduce the algal biomass”. Lake Hayq which was oligotrophic earlier 

become eutrophic probably due to the disappearance of larger zooplankton after the introduction 

of Oreochromis niloticus (Tadesse Fetahi et al., 2011b; Seyoum Mengistou, 2018). These all 

show the top-down control role of zooplankton in the control of algal biomass. Therefore, this 

study tried to look for the capability of zooplankton to control the algal bloom in Legedadi 

reservoir as alternative way. 

Zooplankton is also a valuable food source for planktivorous fish and other organisms. The 

presence or absence of healthy zooplankton populations can determine some commercial 

fishery's success in both fresh and saltwater bodies. They are the main link of planktonic primary 

production towards top pelagic consumer levels (Saiz et al., 2007). By ensuring that the lower 

parts of the food chain are healthy, we can protect the higher-ordered organisms, like fish, 

whales, and even us humans (Wilkinson, n.d.). The predation of higher trophic levels on 

zooplankton is affected by the size of the prey. Larger individuals of zooplankton are normally 

consumed in case of high rates of fish predation, which leads to a situation where domination 

within zooplankton communities is given to smaller individuals (Simm et al., 2014). In addition 

to the size of zooplankton, top-down predation pressure is also affected by the morphology of 

various life history stages of zooplankton (Brooks and Dodson, 1965; Simm et al., 2014). The 

study of Maroneze et al. (2017) revealed the density of Physocypria schubarti ostracods affects 

the predatory performance of Chaoborus on Ceriodaphnia silvestrii neonates. 

Zooplankton also plays a relevant role in the nutrient recycling in the water column and on the 

export of particulate matter out of the photic zone (Saiz et al., 2007). Saiz et al. (2007) pointed 

out the feeding activity of zooplankton has crucial biogeochemical implications in the recycling 

of nutrients and export of particulate matter. Moreover, they are a good indicator of the status of 

water quality in lake management. Simm et al. (2014) used zooplankton biomass as a core 

indicator of biodiversity in the species-poor ecosystem of the northeastern Gulf of Riga by 

evaluating its role as a dietary component of pelagic fishes. Thereby, zooplankton indirectly 
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indicates trophic interactions between phytoplankton/bacterioplankton and zooplankton as well 

as zooplankton and fishes, hence, eutrophication as well as fish predation on zooplankton. 

Zooplankton, a source of nutrients for larval and early juvenile stages of fish, has a key role in 

aquaculture (Kahriman, 2016). Zooplankton are the preferred natural food for the larval stage of 

fish and prawn in aquaculture (Singh et al., 2017). The high growth rate of Rotifera (e.g. 

Brachionus plicatilis) and Cladocera (e.g. Artemia salina), enables the development of an 

abundant population, making them the most desirable food form for younger fish (Kahriman, 

2016; Singh et al., 2017). The protein, lipid, and phosphorus contents in most zooplankton 

appeared to satisfy the requirement of fish (Kibria et al., 1997). 

2.2. Population dynamics of tropical zooplankton 

Seasonality is an important driving force in the structure and functioning of freshwater 

ecosystems. The effect of changing seasons is reflected in the timing of biological events that 

ultimately determine the structure and function of biological communities (Sanful, 2008). 

Overall understanding of the system needs the knowledge of the variability of the biological 

community which ultimately supports to design of the appropriate management.  

Unlike temperate regions, tropical areas experience little variation in temperature and rainfall. 

For this reason, the seasonality of the planktonic community was ignored for a long period. 

Species composition remains relatively unchanged and zooplankton biomass and production vary 

little over an annual cycle which led early workers to deem tropical zooplankton communities to 

be characteristically aseasonal (Twombly, 1983). Moreover, early studies of tropical zooplankton 

communities were based mainly on samples collected by an expedition, and thus provided little 

information on seasonality or community dynamics (Saunders and Lewis, 1988). This 

assumption went on for a long until the 1980s after which some intensive studies were done and 

confirm the seasonality of zooplankton in some tropical lake such as Lake Lanao (Lewis, 1979), 

Lake Abijata, and Langano (Kassahun Wodajo and Amha Belay, 1984), Lake Malawi 

(Twombly, 1983), Lake Valencia (Saunders and Lewis, 1988) and Lake Awasa (Seyoum 

Mengestou et al., 1991; Seyoum Mengestou and Fernando, 1991a).  

Changes in the physical environment elicit variable structural and functional responses in 

zooplankton communities. According to Inter-Tropical Convergence Zone (ITCZ) seasonality in 
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the tropics is characterized by two major periods of alternating dry and rainy seasons, controlled 

by an atmospheric boundary (Sanful, 2008). Similarly, the two major seasons of zooplankton are 

reported in Ethiopian lakes (Seyoum Mengestou and Fernando, 1991a; Adamneh Dagne, 2010; 

Tadesse Fetahi et al., 2011a; Ayalew Wondie and Seyoum Mengistou, 2014). The runoff brings 

a lot of chemicals into the water body which comes up with a change in the phytoplankton 

community structure and ultimately changes zooplankton community structure as trophic 

cascade hypothesis. Several data suggest that tropical phytoplankton communities also undergo 

seasonal variations (Demeke Kifle and Amha Belay, 1990; Elizabeth Kebede and Amha Belay, 

1994; Elizabeth Kebede and Willén, 1996; Sanful, 2008). As they are a food, zooplankton are 

also expected to show a seasonal variation. These changes in nutrient supply to the 

phytoplankton and its direct effect on herbivore zooplankton populations cascade to higher 

trophic levels leading to significant changes in the abundance of species populations and 

subsequently on the overall zooplankton community biomass and production (Sanful, 2008). 

Apart from the regular seasonal cycle, intra-season short-term variations in population size have 

also been documented, and these are known to be caused by sporadic climatic changes affecting 

the water column dynamics (Lewis, 1979; Twombly, 1983). Sanful (2008) concluded that annual 

cycles in tropical zooplankton populations are dynamically variant and reflect continuously 

changing climatic processes.  

2.3. Factors  affecting zooplankton community structure 

The term biomass denotes the live weight or the amount of living matter present in the 

zooplankton sample (Goswami, 2004). Biomass describes the mass of material concentrated in a 

group of organisms (Downing and Rigler, 1984). Secondary production (SP) is the amount of 

tissue elaborated by aquatic invertebrates per unit time per unit area, regardless of its fate 

(Downing and Rigler, 1984). It is an important tool to understand biological communities, using 

population and reproductive parameters or by the cycling of matter and energy flow. As SP is a 

measure of the amount of new material formed, knowledge of this quantity allows an estimate of 

the portion of the biomass that is renewed per unit time (Brito et al., 2016). 

Various studies have pointed out different factors that affect the biomass and production rate of 

zooplankton. Integration of several of these theories has produced the Stability-Time Hypothesis 

which predicts greater species diversity over time in more stable environments (Sanful, 2008). 
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Downing and Rigler (1984) compiled factors affecting the production from various studies and 

arranged them into four categories: intrinsic characteristics of studied populations, extrinsic 

biological factors, environmental factors, and characteristics of the ecosystem. 

2.3.1. Intrinsic characteristics of studied populations 

The nature of the taxa which is the taxonomy and trophic status of the taxa is one of the factors 

which affect the rate of production. Similar species have developed different tolerances and 

efficiencies for dealing with environmental problems which are probably due to taxonomic 

differences (Downing and Rigler, 1984). Based on a study considering 108 lakes, Shuter and Ing 

(1997) suggested that the rate of production is affected by the taxonomic group (Rotifera, 

Chydoroidea, Cyclopoida, Calanoida, ordered from highest rate to lowest). Herbivorous taxa are 

generally thought to be more productive than detritivores or carnivores (Downing and Rigler, 

1984; Sanful, 2008).  

In addition to the taxonomic group, the biomass of the studied population is the major factor for 

secondary production as it has a direct relationship. Many studies had confirmed that the 

presence of the linear relationship of production (P) to mean biomass (Ruttner-Kolisko, 1977; 

Lewis, 1979; Downing and Rigler, 1984; Shuter and Ing, 1997). Moreover, the body size of the 

individual is affecting the production of the population as it affects the biomass of the population 

(Dumont et al., 1975; Rosen, 1981; Downing and Rigler, 1984). Downing and Rigler (1984) 

concluded that P/B decreases with increasing body size. For limnetic zooplankton in which 

weight levels of biomass accumulation are largely set by food resource availability and 

individual body size (Shuter and Ing, 1997). However the food type, large grazers have a greater 

impact on the phytoplankton assemblage than small-sized zooplankton (Sanful, 2008). And also 

age, lifespan, and voitinism (number of generations per year) of the population affected the 

production (Downing and Rigler, 1984). The age and lifespan of animals have a similar effect, 

such that longer-lived and aged animals have lower rates of production while secondary 

production and P/B increase with the number of generations produced per year (Downing and 

Rigler, 1984; Quetin et al., 1996). 
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2.3.2. Extrinsic biological factor 

Local species diversity and production are shaped by interactions among similar species and 

other species (Sanful, 2008). Competition and predation (food web interactions ) have also been 

shown to be the proximal factors controlling community structure (Lewis, 1979; Quetin et al., 

1996; Sanful, 2008).  Downing and Rigler (1984) suggest that predation decreases production 

perhaps due to a decline in growing biomass. This is confirmed by Nile tilapia predation on the 

larger zooplankton (Daphniasp) in Lake Hayq (Tadesse Fetahi et al., 2011b) and by the 

predation of zooplankton by Chaoborus in Lake Ziway (Adamneh Dagne, 2010) and Lake Jacaré 

(Maroneze et al., 2017). High diversity resulted in an increment of competition which decreased 

the production rate of a population (Downing and Rigler, 1984). 

2.3.3. Food availability and quality 

The sustenance of zooplankton organisms depends primarily on the quantity and quality of a 

reliable food (Kassahun Wodajo and Amha Belay, 1984; Seyoum Mengestou and Fernando, 

1991b, b; Quetin et al., 1996; Shuter and Ing, 1997; Sanful, 2008; Aranguren-Riaño et al., 2011). 

Though zooplankton exploits various food sources, phytoplankton remains the principal source 

of quality nutrition for zooplankton (Sanful, 2008). Interactions between zooplankton and 

phytoplankton occur predominantly at the herbivore interface and cascade to higher trophic 

levels. Tropical phytoplankton communities seem to be dominated by the Cyanophyta and they 

nutritionally inhibit the growth and reproduction of herbivores (Lewis, 1979; Sanful, 2008). 

2.3.4. Environmental factor 

Relative abundance and production of any zooplankton species were dependent on specific 

environmental variables (Abdul et al., 2016). Variations in the physicochemical properties of 

water bring about changes in the composition and abundance of aquatic organisms. 

physicochemical properties might significantly impact both individual species (depending on 

their environmental demands) and entire zooplankton clusters (Paturej et al., 2017). Some of the 

basic environmental factors are: 

Wind and mixing layer 

Wind patterns affect thermal stratification and the vertical distribution of chemical constituents 

and biota (Saunders and Lewis, 1988). Strong wind energy in association with reduced air 
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temperatures, depresses the thermocline and causes a deepening of the mixed layer, inducing 

hypolimnetic entrainment of nutrient-rich water to fertilize the mixolimnion which stimulates 

algal and microzooplankton production (Seyoum Mengestou and Fernando, 1991b; Coyle and 

Pinchuk, 2003; Sanful, 2008; Bowen and Currie, 2017). 

Temperature 

Temperature is the most known environmental factor that influences rates of activity from a 

molecular to an organismal scale. The rate of secondary production of zooplankton is highly 

affected by water temperature (Edmondson and Vinberg, 1971; Bottrell et al., 1976; Downing 

and Rigler, 1984; Shuter and Ing, 1997; Coyle and Pinchuk, 2003; Adamneh Dagne, 2010; 

Ayalew Wondie and Seyoum Mengistou, 2014; Abdul et al., 2016; Paturej et al., 2017). 

Leptodora kindtii abundance increases at higher water temperature (Paturej et al., 2017). 

Temperature is the factor that accounted for 26% of the observed variation in growing season 

weight-specific production rates (Shuter and Ing, 1997). Several authors have suggested that 

growth rates increase, egg development times decrease, the rate of population increase rises and 

feeding rates increase with increased temperature (Downing and Rigler, 1984).  

Conductivity and salinity  

The conductivity of the water affects the secondary production inversely (Green, 1993). 

Diversity of zooplankton decline in the increment of salinity and conductivity in Lake Awasa 

(Green and Seyoum Mengestou 1991; Green, 1993). Kassahun Wodajo and Amha Belay (1984) 

also confirm the effect of conductivity on the seasonality of zooplankton. However, in the Bight 

of Benin estuarine, Nigeria, zooplankton production is positively correlated with salinity which 

might be due to the physiological tolerance of zooplankton in the system (Abdul et al., 2016). 

Certainly, these factors affect mainly the productivity of lakes, not species, which ultimately 

affect the population due to cascading effect.  

Water chemistry  

The presence of some species is limited by factors such as dissolved oxygen, water hardness, 

ammonia, phosphate, turbidity, Chemical Oxygen Demand (COD) and Total Suspended Solid 

(TSS), pH, or other chemical properties of the water (Ayalew Wondie and Seyoum Mengistou, 

2006; Guevara et al., 2009; Paturej et al., 2017). There was a negative correlation between the 
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abundance of zooplankton and water pH and  Filinia longiseta appears to have been affected 

mainly by ammonia concentrations (Paturej et al., 2017). Zooplankton production positively 

correlated with transparency but negatively correlated with dissolved oxygen, phosphate, and 

nitrate (Abdul et al., 2016). However, carnivorous zooplankton production in a wide range of 

lakes is also influenced by oxygen concentration in the epilimnion (Downing and Rigler, 1984). 

Therefore, all anthropogenic and/or naturally induced changes of these environmental variables 

are capable of causing phytoplankton and zooplankton variability. These changes in nutrient 

supply to the phytoplankton and its direct effect on herbivore zooplankton populations cascade to 

higher trophic levels leading to significant changes in the abundance of species populations and 

subsequently on the overall zooplankton community biomass and production (Twombly, 1983; 

Sanful, 2008). 

2.3.5. Characteristics of the ecosystem 

To some extent, the limnological nature of the ecosystem affected the production of zooplankton. 

One of the factors is the depth of the lake (Shuter and Ing, 1997). Downing and Rigler (1984) 

suggest that shallower lakes support higher rates of secondary production. Similarly one of the 

factors that accounted for 55%  of the observed variation in growing season population biomass 

density is lake mean depth (Shuter and Ing, 1997). Secondary production in near-shore areas and 

macrophyte beds is greater than in all other areas (Downing and Rigler, 1984). 

The trophic state of lakes and reservoirs also can influence zooplankton productivity where 

higher density and biomass of cladocerans and copepods were observed in eutrophic 

environments in both tropical and temperate regions (Ejsmont-Karabin and Karabin, 2013). 

Similarly, Brito et al. (2016) conclude the presence of a high relationship between the trophic 

state and zooplankton productivity, with a high value were observed in the eutrophic 

environment both in the tropical and temperate regions. A review of Saiz et al. (2007) confirms 

that the oligotrophic character of the Catalan Sea constrains the feeding activity and production 

of zooplankton. In general, Lewis (1979) suggests that a comprehensive synthesis of community 

structure should be based on a thorough understanding of the physicochemical environment, 

community energetics, and evolutionary adaptations. 
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3. DESCRIPTION OF STUDY AREA 

Legedadi reservoir is one of the domestic water supplies for Addis Ababa which is found in 

Oromia Regional State but administrated by Addis Ababa Water and Sewerage Authority. It is 

located approximately 30 km northeast of Addis Ababa at the geographical position of 90 04’ N 

380 57’E and altitude of 2450 m a.s.l. The reservoir has a maximum depth of 28.2 m and a 

minimum depth of 1.4 m with a mean depth of 10.5m during the study period. Some 

limnological features of the reservoir and its catchment are shown in Table 2.  

Legedadi Reservoir was constructed in 1967 and one of the three dams contributing as a surface 

water source for Addis Ababa city; the others include, Geffersa Dam constructed in 1943 and 

Dire dam in 1999 (AAWSA, 2012).  

The study area is located in the upper northwestern part of the Awash basin. The reservoir is 

somehow turbid and alkaline with a mean temperature of 20 0C (Adane Sirage and Demeke 

Kifle, 2017). The reservoir shows superficial thermal stratification which is generated by surface 

heating and it seems to be frequent in the reservoir (Melaku Mesfin and Amha Belay, 1989). 

In general, the catchment area has a total area of 234 km2 (Andualem Gessese, 2008). The 

Legedadi catchment area may be sub-divided into three major sub-catchment areas; Sekoru and 

Fule (50 km2), Sendafa and Bolo (80 km2), and Lege Beri (22 km2) with a total of 152 km2 area 

(AAWSA, 2012). There are observable various rivers including Lege Beri, Lege Sekoru, Lege 

Doyo, Lege Fule, Lege Arera, Lege Jila, Lege Bolo, Lege Sendafa, and others, which feed the 

reservoir. The major inflows are runoff and rivers, mainly Sekoru River and Bolo and Sendafa 

River while the outflow river is Grand Akaki River (Fig –1) (AAWSA, 2012; Adane Sirage and 

Demeke Kifle, 2018). Streams from the sub-catchments enter to Legedadi reservoir through a 

common course and some others (Lege Bolo and Lege Sendafa) merge several hundred meters 

before entering Legedadi reservoir (Sisay Habtegebreal, 2014). The main discharges of the 

reservoir are the water production (165,000 m3d-1) and Akaki River (AAWSA, 2012). 

The natural vegetation cover of the watershed of the reservoir has been reduced due to several 

factors such as extensive cultivation and human settlement, and the recent vegetation cover is 

dominated only by Eucalyptus plantation (Sisay Habtegebreal, 2014). AAWSA (2012) reported 
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that the major land uses are bare land (12.1%), cultivated land (65.9%), plantation forest (7.7%), 

settlement (8.2%), water body (1.8%), grassland (3.4%), woodlot (0.4%) and bush shrub land 

(0.5%). The cultivated fields are located in the mid and lower slopes of the mountains and hills, 

foot slopes, undulating plains, flat to almost flat plain valley sides, and at part the edge of the 

perimeter of the reservoir (Andualem Gessese, 2008). The overall geomorphologic relief of 

Legedadi watershed area is characterized by plateau areas, escarpments with steep-slope 

sections, and infill zones where sedimentary and colluvial sediments are deposited (Sisay 

Habtegebreal, 2014). The total catchment area is characterized by basaltic rock (Adane Sirage, 

2006) with soil types vertisols, leptosol, luvisol, and cambisol (Andualem Gessese, 2008; 

AAWSA, 2012; Sisay Habtegebreal, 2014).  

The population density in the catchment was 19,553 with 4068 households and 17,002 TLU 

livestock production in 1994 (AAWSA, 1994) while the density of population was 44,184 with 

21,787 TLU of livestock in 2011 (AAWSA, 2012). Therefore, wastes moving into the reservoir 

include livestock dung and dropping, house refuses, feces, and lubricating oil. Further, MOA 

reported that farmers use DAP (100 kg/ha) and urea (50 kg/ha) fertilizer, insecticides, and 

pesticides (AAWSA, 1994) which all are washed out by runoff during the rainy season and 

transported into the reservoir. All this increases the amount of nitrogen and phosphorous which 

ultimately aggravates the production of excessive algal biomass in the reservoir. 

Blue-green algae (Cyanophyceae) comprised the largest portion of the phytoplankton community 

(63-95%) in Legedadi reservoir (Adane Sirage and Demeke Kifle, 2018). Microcystisa 

eruginosa, Anabaena, and Chroococcus turgidis were the main important phytoplankton species 

in relation to water quality deterioration (Amha Belay and Wood, 1982; Melaku Mesfin and 

Amha Belay, 1989; Adane Sirage and Demeke Kifle, 2018). Legedadi reservoir is reported to 

supports pisci-fauna which consists of Cyprinus carpio Linnaeus (common carp), Carassius 

auratus Berg (Crucian carp), and Garra spp, (EARO, 2004 cited in Adane Sirage and Demeke 

Kifle, 2017). 



 

19 

 

 

 

 

Figure 1: Map of Legedadi reservoir showing the sampling sites (Red diamonds) [Modified after 

Sisay Habtegebreal (2014) and Adane Sirage and Demeke Kifle (2018)]. 



 

Table 1: Limnological and geographical features of Legedagi reservoir and its catchment [After (1) AAWSA (1994), (2) Adane 

Sirage (2006), (3) Andualem Gessese (2008) and Sisay Habtegebreal (2014), and (4) AAWSA (2012)]. 

Morphological character 1 2 3 4 

Latitude  
 

90 20’  N  90 01' N - 90 13' N 
 

Longitude  
 

380 55’E 380 60' E - 380 07' E  

Altitude (m a.s.l.) 2433-2466 2450 
 

2,456.60 

Catchment altitude (m ) 2400 - 2800 2460-3200 2398 - 3220 2402 - 3226  

Catchment area (km2)  20, 560 ha 9 097.35 234 (20, 318.1 ha) 207.3 

Catchment slop (%) 6 - 45 very steep  steep  5.84 

Area (Km2) 400 ha 452 ha 
 

4.977 

Volume (m3) 45.9  x 10^6 
  

42.2  x 10^6 

Maximum depth (m) 33 34 
 

> 30 

Mean depth (m) 9 14 
  

Water temperature (0 C) 19.2-24.4 17-23.9 
  

Thermocline depth (m) 13 10 - 12 
  

Air temperature (0 C) 5 - 23 20 16 - 26 
 

Rainfall (mm/yr) 700 - 1400 1256 1119 - 1185 1,000 – 1,250  

Water residence time (yr) 
 

0.55 
 

1 

Dominant sediment type Colluvial   Colluvial and alluvial Colluvial 
 

Dominant soil type Pellic vertisols  Reddish Black vertisol 
 

Dominant plant Eucalyptus and crops 
 

Eucalyptus Eucalyptus 

Land use Cultivated Cultivated  Cultivated  Villages and cultivated 
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METEOROLOGICAL DATA 

The weather is relatively cool in the wet season from June to September when the main rainfalls. 

The post-rainy season of October to May has warmer temperatures with easterly winds (Andualem 

Gessese, 2008; Sisay Habtegebreal, 2014) (Fig-2). The mean monthly maximum temperature is 

between 19.9 0C and 24.6 0C while the minimum temperature varied between 1.8 0C and 12.9 0C 

throughout the year. The minimum monthly average temperature registered is 19.9 0C in July and 

the maximum monthly average temperature is 24.6 0C in April. The hottest season extends from 

October to February (Fig 2). Legedadi Reservoir watershed is characterized by Moist Dega agro-

climatic Zones (Sisay Habtegebreal, 2014) and the rainfall is bimodal type, which is distributed 

into minimum rainy season occurring in the months between March and May, and long rainy 

season occurring between June and September (Fig 2). 
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Figure 2: Summary of mean monthly rainfall (mm) (upper), Temperature (0C) (Middle), and 

wind speed (m/s) (lower) of Legedadi reservoir watershed of 2017 and 1996-2016. 
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4. MATERIAL AND METHODS 

4.1. Sampling protocol 

Samples were taken monthly from May – October 2017 for a total of six months which represent 

the dry season (October to February) and wet season (June to September). In the study area, the 

hottest season extends from December to late March. Three sampling sites were selected 

purposely to have a good representative of micro-habitats to extend the spatial distribution in the 

limnetic and littoral zone. The first site was near to the shore where Lege Bolo River enters into 

the reservoir (hereafter designated as Bolo station or BS) which has not more than 3 m depth; the 

second one was offshore near to the center of the reservoir (hereafter designated as center station 

or CS) which has around 15 m depth while the third one was offshore at the deeper part of the 

reservoir (hereafter designated as Dam station or DS) which has around 25 m depth. All the 

samples were done with the vertical depth profile for physicochemical analysis using Van Dorn 

water sampler (horizontal water bottle) and vertically hauling with conical plankton nets (15µm 

and 30µm) for phytoplankton and zooplankton. Zooplankton samples were taken by haul 

vertically from the bottom part, 1 m above the bed, up to the surface of the water while from the 

euphotic depth to surface water for phytoplankton. The depth profile sample was taken in every 

0.5m depth interval from the surface to 10m depth, in every 1m interval from 10m depth to 15m 

depth, and in every 5m interval beyond 15m depth. 

4.2. Physicochemical parameters 

Physicochemical parameters such as dissolved oxygen (DO), pH, temperature, conductivity, 

turbidity, and Secchi depth (ZSD) were measured in-situ and alkalinity was determined 

immediately while nutrients like soluble reactive phosphate (SRP), ammonia (NH3-N), nitrate 

(NO3
-), nitrite (NO2

-), sulfate (SO4
-), silicate (SiO2), salinity, organic matter, total dissolved 

solids (TDS) and total suspended solids (TSS) were analyzed in Addis Ababa University, 

Limnology laboratory and AASWA Chemistry laboratory. Secchi depth was measured using a 

standard black and white Secchi disk with a diameter of 30cm. To estimate the euphotic depth 

(ZED), Secchi depth was multiplied with a commonly used conversion factor of 3. Dissolved 

oxygen, pH, temperature, and conductivity were measured in-situ with a HACH multimeter 

probe (HQ40d) in a vertical water profile up to a similar depth for the zooplankton sample. The 
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vertical water profile was sampled in every 0.5m depth interval from the surface to 10m depth, in 

every 1m interval from 10m depth to 15m depth, and in every 5m interval beyond 15m depth. 

Specific conductivity (K25) was extrapolated from the actual conductivity and temperature 

measurement (Talling and Talling, 1965) and then it was used for estimation of total cation after 

Zinabu Gebre-mariam et al. (2002) regression formula which was derived for Ethiopian 

freshwater lakes. 

………Equation of Talling and Talling (1965) 

Where R is the correction coefficient (2.3% per degree Celsius), T is lake temperature    

,….....Equation of Zinabu Gebre-mariam et al. (2002) 

Turbidity of the composite water samples of all sampling sites was measured three times using a 

turbidity meter (OAKTON, Model: TN-100/T-100). Alkalinity, ammonia (NH3), nitrite (NO2
-), 

nitrate (NO3
-), sulfate (SO4

-), silicate (SiO2), and soluble reactive phosphate (SRP) were 

determined according to the guideline of HACH (1997). The alkalinity of the reservoir was 

determined by the titration method of the composite sample with 0.02N H2SO4 using 

phenophtaline and acid mixed indicator (Bromocresol green-methyl red) as soon as possible after 

sampling. It was determined three times in every sampling date and sampling site using HACH 

digital dispenser for the titration. Phenophtaline alkalinity was not seen, so only total alkalinity 

was calculated and reported as mg/L of CaCO3. For the analysis of nutrients in a laboratory, a 

composite water sample of vertical depth profile was collected from all sampling sites using a 

Van Dorn water sampler (horizontal water bottle). It was acclimated into pre-acidified 2L 

sampling plastic bottles and transported to the laboratory in a dark cooling icebox. The samples 

were filtered through Whatman glass fiberfilter paper (GF/F) (pore size - 0.7 µm) with the aid of 

an electrically operated suction pump. Six major nutrients such as ammonia (NH3) nitrite (NO2
-), 

nitrate (NO3
-), sulfate (SO4

-), silicate (SiO2), and soluble reactive phosphate (SRP) were 

determined using HACH DR 5000 spectrophotometer and salinity was determined using 

electronic salinity, TDS and conductivity meter (CO150 conductivity meter) at AASWA 

Chemistry laboratory while chlorophyll-a, organic matter, total dissolved solids (TDS) and total 
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suspended solids (TSS) were analyzed after APHA et al. (1999) in Addis Ababa University, 

Limnology laboratory. 

Nitrogen as ammonia (NH3 - N) was determined by Nessler method (lower range: 0.02 - 2.5 mg 

L-1) using Nessler reagent solution which developed a yellow color in the presence of ammonia 

in the sample after one minute reaction period. Nitrite (NO2
- - N) was determined by 

diazotization method (lower range: 0.002 - 0.3 mg L-1) using Nitri Ver 3 powder pillow which 

developed a pink color in the presence of nitrite in the sample after 20 minute reaction period 

while nitrate (NO3
- - N) was determined with the cadmium reduction method (lower range: 0.01 - 

0.5 mg L-1) using Nitra Ver 6 and Nitri Ver 3 powder pillow which developed a pink color in the 

presence of nitrate in the sample finally. Soluble reactive phosphorus (SRP, PO4
3-) was 

determined by Phos Ver 3 (Orthophosphate or Ascorbic acid method) (in the range of 0.02 - 2.5 

mg L-1) in which Phos Ver 3 powder pillow was added to 10 ml water sample which developed a 

blue color in the presence of phosphate in the sample after two-minute reaction period. Likely, 

sulfate (SO4
-) was determined by Sulfa Ver 4 method using Sulfa Ver 4 powder pillow in 25 ml 

water sample which developed white turbidity in the presence of sulfate in the sample after 5-

minute reaction period. Silicate (SiO2) was determined by Silicomolybdate method (high range: 

1 - 100 mg L-1) using three various powder pillow. Molybdate and acid reagent powder pillows 

were added respectively and dissolved in 10 ml of water sample which developed yellow color 

after 10 minute reaction period. Then a citric acid powder pillow was added to dissolve the 

yellow color due to phosphate in two minute reaction period. After a routine laboratory 

procedure, all the major nutrients were determined using HACH DR 5000 spectrophotometer. 

Total suspended solids (TSS) and total dissolved solids (TDS) were determined from the filtered 

sample, remnants on the pre-determined filter paper and the filtrate on the pre-determined flask 

respectively, which were dried at 105°C for 24 hr using BINDER oven and weighted (APHA et 

al., 1999). Organic matter was also determined from a filtered sample, remnants on the pre-

determined filter paper, which was dried at 400 °C using furnace (Nabertherm GmbH more than 

heat 30 -3000 0C; Model: SN289201, 2013), and the dried sample were weighted (APHA et al., 

1999). 
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4.3. Phytoplankton sampling and laboratory analysis 

Phytoplankton samples were taken from all sampling sites monthly. Qualitative samples were 

taken by towing vertically using a 15 µm mesh size plankton net. The samples were transferred 

into a dark bottle and preserved with Lugol’s iodine solution. The identification of phytoplankton 

taxa was done using the identification keys of Whitford and Schumacher (1973), Gasse (1986b), 

and Komárek and Anagnostidis (2000). The biomass of the phytoplankton was determined as 

Chlorophyll-a concentration, by measuring the absorbance of pigment extracts using 

spectrophotometric method at Addis Ababa University, Limnology laboratory (APHA et al., 

1999). Triplicates of 100 ml of lake water samples were gently filtered through Glass Fiber Filter 

paper (GF/F) (pore size - 0.7 µm) with the aid of an electrically operated suction pump. The 

filters were ground with a small volume of 90% acetone and centrifuged at 300 rpm for 10 

minutes. The spectrophotometer was set at 665nm and 750nm wavelength and absorbance 

readings of the pigment were recorded. Finally, Chl-a concentration was estimated using the 

equation of (Wetzel and Likens, 2000) without the consideration of pheophytin correction. 

Therefore, we used the equation by omitting absorbance value after acidification and factor to 

equate acid reduction in absorbance as follows.  

, 

Where, K= Absorption coefficient of Chl-a(11), A665 = Absorption value at 665 nm, A750 = 

Absorption value at 750 nm, VE = volume of extract (in ml), VSF = volume of sample filtered (in 

Liters) and Z = path length of the cuvette - spectrophotometric cell (1 cm). 

The ratio of phytoplankton biomass and zooplankton biomass was estimated to assess 

zooplankton grazing(Hart, 2011). The primary productivity of the reservoir was determined in-

situ at DS station three times in the study period (August, September, and October) using light 

and dark BOD bottles after the Winkler method (Wetzel and Likens, 2000). A composite water 

sample, from the surface and 0.5 m depth, was siphoned into duplicate 250 ml pyrex light and 

dark glass BOD bottles under dim light conditions. Two pairs of light and dark glass BOD 

bottles were attached to a metal suspension rod marked at 0 and 0.5 m (to represent the euphotic 

depth). The metal suspension rod was attached to buoy (floater) plastics at the top and attached 
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with an anchor at the bottom. Immediately after lowering the metal suspension rod into the water 

column, a pair of initial bottles was fixed with Winkler A and B reagents. After 3 hours 

incubation period at midday, the metal suspension rod was taken out and the sample bottles were 

fixed with Winkler A and B reagents immediately. The samples were stored in a dark icebox and 

transported to the laboratory where the titration was done. 1 ml concentrated H2SO4 was injected 

into the fixed water samples to dissolve the precipitate. The concentration of oxygen was 

determined by titration with sodium thiosulphate using pale yellow color formation and starch as 

an indicator for the endpoint (Wetzel and Likens, 2000). Gross and net photosynthesis were 

estimated from changes in oxygen concentration in the dark, initial, and light bottles. 

4.4. Zooplankton sampling and laboratory analysis 

Zooplankton samples were collected by hauling vertically from the bottom (1m above the bed of 

the reservoir) to the surface with conical plankton nets of 30 µm mesh size at constant hauling 

speed. After every sampling, samples were preserved with sugar formalin (5 % final 

concentration) to retain loose eggs and for subsequent microscopic laboratory analysis (Haney 

and Hall, 1973). 

Identification of zooplankton was done to species level as far as possible except the nauplii and 

copepodites those were identified at higher-level groups (as calanoid and cyclopoid) using the 

guides in Defaye (1988), Fernando (2002), Witty (2004), and Fenwick (2007). The identification 

was done under the supervision of experts and dissecting the major diagnostic characters 

(antennules, P5 or 5th legs, and urosome segments) of zooplankton using microneedle according 

to Goswami (2004) and Witty (2004). Microneedle was prepared by flaming a needle in 

potassium hydroxide (KOH). Every developmental stage, sex, and species of copepods were 

identified and counted. Identification and enumeration of zooplankton were performed under a 

compound microscope and wild binocular stereomicroscope (50 x magnifications) using multi-

channel counter and expressed in number of individual m-3. A sub-sample counting was used to 

determine the abundance of zooplankton depending up on the concentration of the specimen. 20 

ml of a sample was pipette out with a wide mouth pipette and poured into a gridded glass 

chamber. Then out of 15 grids, three grids were counted. The identification of zooplankton was 

done using various identification keys: Koste (1978), Green and Seyoum Mengestou (1991), and 

Russell (2007) for Rotifera, Shiel (1995), Korinek (1999), Fernando (2002), and Benzie (2005) 
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for cladocerans and Defaye (1988), Fernando (2002), Witty (2004), Yamaguchi and Bell (2007) 

and Korosi and Smol (2012) for Copepoda. The abundance of zooplankton was calculated using 

the following equation 

, 

V = r2 h 

Where, 

V = volume of water filtered, 

r = radius of the mouth of the net, 

h = Length of the water column traversed by the net 

4.5. Estimation of biomass 

The biomass of dominant zooplankton was estimated as dry weight (Harris et al., 2000). Due to 

their abundance, size, and consistency of occurrence throughout the sampling date, four rotifers 

(Filinia opoliensis, Keratrlla tropica, Brachionus sp, and Polyarthra remata), Daphnia barbata, 

and all copepods (Mesocyclops aequatorialis, Thermocyclops ethiopiansis, Metadiaptomus 

colonialis, and Paradiaptomus (Lovenula) falcifera) were selected for biomass estimation. To 

estimate the biomass, the lengths of each selected species were measured. To have a good 

representative sample of selected species for the determination of dry weight, a length of at least 

90 samples of each species, sex, and developmental stages were measured. For this reason, the 

selected dominant zooplankton species were pipette out and sorted according to their species, 

sex, and developmental stages and measured under a microscope fitted with a calibrated ocular 

micrometer. Then after their mean individual dry weight and biomass as mg DW m-3 were 

estimated using different techniques for rotifers and microcrustaceans. Dry weights of selected 

species were estimated using estimation of biovolume and length-weight regression for rotifers 

and crustaceans respectively (Bottrell et al., 1976; Downing and Rigler, 1984; EPA, 2016). 

According to Ruttner-Kolisko (1977), biovolumes of rotifers were estimated through the use of 

geometrical formulae (Table-2) which approximate the volume of an individual rotifer (appendix 
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in Bottrell et al., 1976; Downing and Rigler, 1984; EPA, 2016). To estimate the biovolume of 

individual rotifer using an approximate geometric formula, the standard total length of a rotifer, 

excluding the outgrowths like spines and setae, was measured at least for 90 samples for all 

dominant species from each sampling date and sampling sites (Downing and Rigler, 1984; 

Goswami, 2004). The measurement was done with a microscope fitted with a calibrated ocular 

micrometer (Fig-3). Then, the mean length of each species in every sampling date and site were 

determined. Then the mean length was used to calculate the volume from simple formulae 

according to their shape. Individual body weight was calculated for each sampling date and site. 

Finally, the biomass of each species in every sampling date and sites were estimated by 

multiplying the individual dry weight by the abundance in respective sampling date and sites. 

Total biomass of the rotifers in the reservoir was also estimated.  

Rotifer biomass (µg) = (length3 x FF) + (%BV x length3 x FF) x 10-6 x WW: DW……..(EPA, 

2016) 

Where,  

g = biomass of individual  

Length = total length in m  

FF = species specific formula factor  

% BV = volume of appendages as a percent of body biovolume  

10-6 = conversion to wet weight; assuming a density of 1  

WW: DW = wet weight to dry weight conversion 0.1 
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Table 2: Formulae for calculating the biomass of rotifers and formula factors 

Taxa Geometric formula used FF % BV 

Brachionus  General ellipsoid 0.12 0.1 

Filinia Ellipsoid of revolution 0.13 0.01 

Keratella quadrata Parallelepiped 0.22 0.05 

Polyarthra remata parallelepiped 0.23 0.1 

 

 

Figure 3: Measurement of the standard length of a rotifer (Filinia opoliensis, Brachionus sp, 

Polyarthra remata, and Keratrlla tropica) (a) length with an ocular micrometer. 

The biomass of crustacean was estimated from length-weight regression after body length 

measurement. The standard length of the crustaceans was measured for all species, sex, and 

developmental stages using a microscope fitted with a calibrated ocular micrometer. Like 

rotifers, at least 90 specimens body length of each species were measured from every sampling 

site and date, and mean body length was calculated for each. Using mean body length, individual 

dry weight was calculated using length-weight regression (Downing and Rigler, 1984). 

lnW = ln a +b ln L 

The intercept (a) and slope (b) was determined from various works of literature according to the 

species and age class (Table-3). The standing biomass of each species, sex, and age class was 

estimated by multiplying respective individual dry weight and abundance. Total biomass was 
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calculated by summing up the biomass of the groups. ZB:Chl-a ratio was calculated as a 

predictor of grazing pressure in tropical reservoirs (Hart 2011) with body size being a critical 

factor. 

Table 3: Length-weight relationships for micro crustacean zooplankton from various 

sources 

Species/age class Regression formula Reference 

Copepod nauplii lnW = 0.6977 + 0.469 lnL 1 

Cyclopoid copepodites  lnW = 1.6602 + 3.968 lnL 1 

Calanoid copepodites lnW = 1.05 + 2.46 lnL 2 

Mesocyclops aequatorialis   lnW = -14.805 + 2.406 lnL 4 

Thermocyclops ethiopiansis* lnW = -13.732 + 2.563 lnL  4 

Paradiaptomus (Lovenula) falcifera W = 7.6705L^2.3315 3 

Metadiaptomus colonialis  W = 7.6705L^2.3315 3 

Daphnia barbata lnW = 1.51 + 2.56 lnL 3 

Reference (1) Rosen (1981), (2) Pace and Orcutt (1981), (3) Dumont et al. (1975) and (4) Adamneh Dagne (2010) 

Superscript* the regression formula was adopted from Thermocyclops decipiens 

 

Table 4: Conversion factors for various unites 

Groups  Conversion factors References  

Phytoplankton  mg C m-3 h-1 = 0.3125 * mg O2 m
-3 h-1 Britton and Greeson (1989) 

 
Wet weight = 10 * carbon  Jones (1979)  

Zooplankton  DW = 0.1 * WW Bottrell et al. (1976) and EPA (2016) 

 
m-3 = m-2/Z, where Z is the mean depth 

 

Phytoplankton 

biomass (PB) Chl-a*67 Hart (2011)  
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4.6. Statistics analysis 

Descriptive statistics were used to compare data and to determine the level of variation of data 

from the mean value. All zooplankton data were log-transformed while physicochemical data 

were root transformed. All the transformed physicochemical data along the sampling date were 

heterogeneous. Therefore, the Kruskal-Wallis test was applied to test the presence of a 

significant difference in physicochemical parameters and phytoplankton biomass along with the 

sampling dates. And one-way ANOVA was applied to test the presence of a significant 

difference in the abundance and biomass of zooplankton at the sampling stations. A statistical 

correlation was made for the phytoplankton and zooplankton biomass, physicochemical 

parameters and zooplankton biomass. All the statistical analysis was done with p = 0.05using 

SPSS software package version 20 and Microsoft excel 2007 software. Relationships between 

dominant zooplankton taxa and significant environmental variables were analyzed with 

constrained Redundancy Analyses (RDA) (CANOCO for Windows 4.5 software). All graphs 

were presented using Sigma plot version 10. 
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5. RESULT 

5.1. PHYSICO-CHEMICAL PARAMETERS 

A summary of physico-chemical features of the reservoir is presented in Table- 5 while the 

crudel data of the sampling dates and sampling sites are presented in appendix-1. 

Table 5: A summary of physico-chemical features of the reservoir 

 

Parameters  

 

Mean + SD 

 

Minimum 

 

Maximum 

 

N 

NH3 (mg/L) 0.467 ± 0.139 0.21 0.89 54 

NO2 (mg/L) 0.005 ± 0.004 0 0.03 54 

NO3 (mg/L) 0.169 ± 0.058 0.05 0.29 54 

PO4 (mg/L) 0.169 ± 0.132 0.06 0.85 54 

SO4 (mg/L) 3.019 ± 4.607 0 19 54 

SiO2 (mg/L) 11.833 ± 3.28 6 19 54 

TDS (g/L) 0.252 ± 0.313 0.05 1.81 54 

TSS (g/L) 0.358 ± 0.176 0.14 0.86 54 

Organic matter (g/L) 0.04 ± 0.149 0.02 0.085 54 

Salinity (‰) 0.083 ± 0.376 0 0.1 54 

Alkalinity (mg/L CaCO3) 45.79 ± 11.45 25.4 70.4 54 

Turbidity (NTU) 470.2 ±179 239 936 54 

DO (mg/L) 5.93 ± 0.58 3.96 6.83 54 

Temperature (0C) 18.96 ± 1.11 17.2 22.5 54 

Percent saturation (%) 85.37 ± 8.86 55.5 98.7 54 

Conductivity(µS/cm) 30.07 ± 2.48 25.28 34.99 54 

Total cation (meq/L) 0.44 ± 0.033 0.37 0.5 54 

ZSD (m) 0.098 ± 0.027 0.055 0.14 54 

Zeu (m) 0.293 ± 0.077 0.165 0.42 54 

pH 8.24 ± 0.33 7.03 8.93 54 

 

 



   

 

34 

5.1.1. PHYSICAL FEATURES 

Around 75 % of the measured water temperature of the reservoir was above 18 0C with a 

maximum value of 22.50C at Bolo in May and with a minimum of 17.2 0C at the Dam station in 

August. The maximum water temperature of Bolo, Center, and Dam station was 22.50C, 20.8 0C, 

and 20.40C in the dry season (May) while the minimum was 17.80C, 17.60C, and 17.20C in the 

rainy season (August) respectively. On average water temperature were 19.2 0C, 18.3 0C and 

18.4 0C at BS, CS and DS with 20 0C, 19.4 0C, 18.1 0C, 17.80C, 18.10C and 18.2 0C in May – 

October respectively. Water temperature is positively correlated with oxygen (r = 0.37, p > 0.01) 

at DS while it is inversely at the other station and it is abundant in BS (Fig – 4).  

The reservoir is turbid with shorter transparency of 9.8 cm as Secchi depth with a range of 5.5 

cm in August and 14 cm in October. Both the minimum and maximum recorded value of 

transparency was at Dam station (DS) with the average values of 10.3, 9 and 9.9 cm at BS, CS, 

and DS, respectively.  

Euphotic depth also showed a perfect similar trend with Secchi depth as it is a derived quantity 

from Secchi depth. 42 cm and 16.5 cm were the maximum and minimum values of euphotic 

depth respectively with an average value of 29.3 cm. The euphotic depth was deeper in the pre 

and post rainy season (May, June, and October) and was relatively shallower from July to 

September (rainy season).  

The other physical feature of the reservoir was turbidity which was 470.2 NTU on average. 

Turbidity has showed inverse correlation with the Secchi depth (r = -0.45, p > 0.01) and total 

alkalinity (r = -0.74, p > 0.01) while it has positive correlation with TSS (r = 0.91, p > 0.01) and 

organic matter (r = 0.65, p > 0.01) (Fig – 4).In this study, fairly high readings of turbidity were 

reported. The average turbidity peaked at DS (936 NTU) in the rainy season come along the high 

turbulence.  

Legedadi reservoir is well-known freshwater with a salinity value of less than 0.1 ‰ frequently 

(83.3 %) in all sampling stations and dates. This value became zero in September at all stations 

and in October at DS. Salinity had shown positive relationship with SiO2 (r = 0.39,p > 0.01) 

which may be related to its dissolution (Fig – 4). 
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Figure 4: Bi-plot of the Redundancy Analysis for environmental variables and sampling site. 

The circles represent sampling stations and red arrows the environmental variables. 
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5.1.2. CHEMICAL FEATURES 

5.1.2.1. Inorganic Carbon 

Legedadi reservoir was alkaline throughout the sampling period as all the observed value of pH 

was above 7. pH of the reservoir lied between 7 and 9 with lowest and highest value recorded in 

the same season august at CS and BS, respectively. On average the pH value ranges between 8.0 

and 8.5 in all sampling stations and dates with a mean value of 8.24 (Fig -5, Table-6).  

Total alkalinity of the reservoir ranged from 25.4 to70.4 mg/L CaCO3 in July and June 

respectively at central part of the reservoir with the mean value of45.79 mg/L CaCO3. The 

average alkalinity of BS, CS and DS was 50.3, 43.9 and 43.3, respectively while it was 52.7, 

61.2, 27.6, 46.1, 44.6 and 42.5 from May to October 2017, respectively. It has shown a 

significant positive correlation with pH (r = 0.5, p > 0.01), conductivity (r = 0.5, p > 0.01) and 

SiO2 (r = 0.6, p > 0.01). A strong and negative relation was found with turbidity (r = -0.7), 

organic matter (r = -0.6, p > 0.01) and TSS (r = -0.6, p > 0.01) (Fig -4).  

5.1.2.2. Dissolved Oxygen and Collective Chemical Features 

Surface water dissolved oxygen of Legedadi reservoir ranged between 3.96 and 6.83 mg L-1 with 

a mean value of 5.93 mg L-1 (Table-5). In the reservoir, as expected from small-sized and 

shallow water bodies with frequent occurrence of complete mixing, there was little spatial 

difference of dissolved oxygen. However, there were notable temporal variations usually 

between the study months. The lowest recorded value was in August at the DS station while the 

highest recorded value was in September at the same station (Fig-6). DO has shown a negative 

correlation with the water temperature at Bs station while it was a positive relationship at DS 

entirely (Fig-6). It has also shown significant positive correlation (r = 0.37, p > 0.01) (Fig-4). 

The percentage saturation of oxygen was less than 100 at all sampling stations and sampling 

dates (see appendix 1). The lowest recorded saturation was 55.5 while the highest saturation was 

98.7 in a similar season and station with DO. It varied between 81.2 and 89.9 at BS station, 65 

and 93.6 at CS station, and 55.5 and 98.7 at DS station.      

The observed electrical conductivity (K25) of Legedadi Reservoir was remarkably low with the 

average of 30.1µS cm-1 and ranged between 25.3 and35 µS cm-1 in September and June 



   

 

37 

respectively (Table-5). Conductivity has shown a significant strong positive correlation with 

salinity (r = 0.7, p > 0.01), SiO2 (r = 0.7, p > 0.01) and alkalinity (r = 0.5, p > 0.01) (see Fig -4).  

The average total cation of Legedadi reservoir was 0.44 meq L-1 (Table-5). The maximum and 

minimum total cation was recorded at CS in June (0.50 meq L-1) and DS in September (0.37 meq 

L-1), respectively in a similar trend with conductivity.  

 

 
Figure 5: pH distribution along with the sampling sites (upper) and sampling periods (lower). 
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Figure 6: The spatial and temporal variation of surface water temperature (T 0C) (white broken 

line) and DO (mg L-1) (black solid line) and their correlation. 
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The organic matter of Legedadi reservoir was laid between 22 and 85 mg L-1 (see appendix-1) 

with an average value of 40 mg L-1. It varied between 22.0 and 80.0 mg L-1 with a mean of 

37.4mg L-1 at BS station mg L-1, 23.9 and 63.0 mg L-1 with a mean 40.2 mg L-1 at CS station and 

22 and 85 mg L-1 with a mean 42.1 mg L-1at DS station mg L-1. The maximum and minimum 

value of organic matter was recorded in July at DS station and in August at BS station, 

respectively. Organic matter has shown a positive relationship with turbidity (r = 0.65, p > 0.01) 

while it has a negative relationship with alkalinity (r = -0.6, p > 0.01) (see Fig -4).  

As the most turbid water, the reservoir had experienced a high level of TSS and TDS. TSS 

valued peaked at CS station in May (142 mg L-1) where as it declines and become the lowest at 

DS station in July (859 mg L-1) with a mean value of 358mg L-1 (Table -5). The RDA analysis 

shows that TSS contributes a lot to the highest turbidity of the reservoir. A significant strong 

correlation was found between TSS and turbidity (r = 0.91, p > 0.01) and with organic matter (r 

= 0.64, p > 0.01) while it has shown a negative relationship with alkalinity (r = -0.64, p > 0.01) 

(Fig -4). 

TDS of the reservoir was ranged 52 – 1806 mg L-1 in July and May respectively with a mean 

value of 252mg L-1 (Table-5). The observed value of TDS in this study was below the 

recommended value of EPA and WHO for drinking purposes (500 mg L-1). According to WHO 

(2003), the water of Legedadi reservoir is rated as excellent (< 300 mg L-1).  

5.1.2.1. Inorganic Algal Nutrients 

Generally, high levels of major inorganic nutrients are reported in Legeadi reservoir. The 

concentration of ammonia (NH3-N) in Legeadi reservoir was 0.467 mg L-1 that ranged from 0.37 

to 0.89 mg L-1 (Table -5). The distribution of ammonia was varied between 0.37 and 0.89 mg L-1 

in October and May at BS station, 0.23 and 0.68 mg L-1 in August and May at CS station, and 

0.22 and 0.63 mg L-1 in August and May at DS station, respectively (Fig-7). 

Nitrite (NO2
-) lied between 0 and 0.03mg L-1 in May and October, respectively at BS station with 

a mean value of 0.005 mg L-1 (Table-5). The average maximum nitrite was recorded in October 

at the BS station while the minimum value was in May at the same station (Fig-7).  
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Nitrate (NO3
-) has shown almost a similar trend with ammonia in the reservoir with a mean value 

of 0.17 mg L-1. The maximum nitrate was recorded in May at the CS station while the minimum 

value was in August at the BS station (Fig-7). It is abundant in the CS station (Fig-4). 
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Figure 7: Spatial and temporal distribution of Ammonia (upper), Nitrite (middle), and Nitrate 

(lower). 
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Sulfate (SO4
-) was varied between 0 (in September and October)and 12 mg L-1 (May) at BS 

station, 0 (in September and October) and 4 mg L-1 (in May) at CS station, and 0 and 19 mg L-1 

in September and May at DS station, respectively. The sulfate of the reservoir ranged from 0 to 

19 mg L-1 with a mean value of 3.019 mg L-1 (Table-5). The minimum value was recorded at all 

stations while the maximum was recorded at the DS station (Fig – 4). The average value of 

sulfate had shown spatial and temporal variation (Fig – 8). 

In Legedadi reservoir, silica (SiO2) ranged from 6 to19 mg L-1 with a mean value of 11.8 mg L-1. 

The minimum and maximum silica were recorded in August and May, respectively. Silica was 

varied 8 and 19mg L-1 in August and May respectively with mean value 12.4 at BS station, 9 and 

17 mg L-1 in September and May, respectively with mean value11.9 at CS station and 6 and 17 

mg L-1 in August and (May and June), respectively with mean value 11.2 at DS station. The 

average recorded value was 16.9, 15, 10.6, 9, 9.5, and 10mg L-1 from May to October, 

respectively. The temporal and spatial distribution of silica was presented in Fig -6 based on the 

mean value of the triplicate. It has shown a positive relationship with total cation (r = 0.69, p > 

0.01). 

SRP (PO4) of Legedadi reservoir varied between 0.06 and 0.85 mg L-1 in June and May, 

respectively with a mean value of 0.17mg L-1. SRP was varied 0.07 and 0.85 mg L-1 in October 

and May, respectively with mean value 0.21 at BS station, 0.06 and 0.34 mg L-1 in June and 

May, respectively with mean value 0.15 at CS station and 0.07 and 0.23 mg L-1 in June and July, 

respectively with mean value 0.15at DS station. It was 0.37, 0.09, 0.15, 0.16, 0.1and 0.14 mg L-1 

on average in May up to October, respectively (Fig -10). There was a positive relationship 

between SRP and ammonia (NH3) (r = 0.69, p > 0.01) (Fig -4). 
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Figure 8: Spatial (Box plot) and temporal (line chart) distribution of sulfate in Legedadi 

reservoir 
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Figure 9: Spatial and temporal distribution of silica (SiO2) in Legedadi reservoir. 
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Figure 10: 3D bar plot of Spatial and temporal distribution of SRP (PO4) in Legedadi reservoir. 
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5.2. BIOLOGICAL PARAMETERS 

5.2.1. COMPOSITION, BIOMASS, AND PRODUCTION OF PHYTOPLANKTON 

A total of 14 algal species belonged to four taxonomic classes and 10 genera were identified in 

this study. Blue-green algae with 7 species were the most dominant and diversified algal class in 

the reservoir. Almost all blue-green algae were large-sized and in colonial and filamentous form. 

Table -6 lists the identified species of algal community in Legedadi reservoir.  

Phytoplankton biomass as Chl-a was5.0 µg L-1 and ranged from 1.1 to 14.3 µg L-1 in Legedadi 

reservoir. The minimum value was recorded in the rainy season (June – September) at all stations 

while the maximum value was recorded in late October at the DS station. It was varied between 

1.1 and 11 µg L-1 in (July and September) and (May and October), respectively at BS station 

with a mean value of 5.0 µg L-1, between 1.1 and 12.1in (July, August, and September) and 

October, respectively at CS station with a mean value 5.4 µg L-1 and between 1.1 and 14.3in 

(June, July, August and September) and October, respectively at DS station with a mean value 

4.6 µg L-1 (Fig-11). On average Chl-a was 9.7, 3.7, 2.6, 2.4, 2.2, and 9.6 from May to October, 

respectively (see Fig- 16). The gross photosynthetic rate showed temporal variation in Legedadi 

reservoir with the peak was in September. The maximum observed photosynthetic rate was in 

surface water than 0.5 m depth. Amax was 58, 128.5, and 51.7 mg C m-3 h-1 in August, September, 

and October, respectively.  
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Table 6: Identified species of phytoplankton in Legedadi Reservoir. 

Division Taxa 

Chlorophyceae  

(Green algae) 

Ankistrodesmus sp.  

Closterium sp.* 

Pediastrum duplex Meyen 

Pediastrum simplex Meyen 

 

Cyanophyceae   

(Blue-green algae) 

Anabaena circinalis (Kütz.) Rab. 

A. flosaquae Bréb* 

A. spiroides Kleb. * 

Gloeocapsa sp.  

Microcystis aeruginosa Kütz* 

Planktolyngbya sp. * 

Zygnemasp.* 

 

Bacillariophyceae  

(Diatoms) 

Cymbella sp.* 

Navicula sp.* 

 

  

Euglenophyceae  

(Euglenoids) 

Phacus sp. 

 
 

 
 

 
Superscript * is for most dominant 
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Figure 11: Spatial and temporal distribution of Chlorophyll-a in Legedadi reservoir 
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5.2.2. SPECIES COMPOSITION AND ABUNDANCE OF ZOOPLANKTON 

A total of 26 species were identified during the study periods. Of which, 21 species belonged to 

rotifer while 4species belonged to copepods (Table-7). Daphnia barbata was solely 

representative of cladoceran groups. Copepods were represented by two cyclopoids 

(Mesocyclops aequatorialis and Thermocyclops ethiopiansis) and two calanoids (Metadiaptomus 

colonialis and Paradiaptomus (Lovenula) falcifera) (see Appendix-5). Rotifers were highly 

diverse than others and abundant following copepod while Cladoceran was less diversified and 

abundant.  

A total of 27, 470 Ind m-3 of zooplankton were recorded in Legedadi of which 12,844, 117 and 

14,508 Ind m-3 were rotifers, cladocerans, and copepods respectively (Fig-12). The highest 

zooplankton abundance was recorded at BS station in August (54,372 Ind m-3) while the lowest 

value was at CS station in September (2,734 Ind m-3) (Fig-13). Rotifers contributed the highest in 

the abundance of zooplankton in May, June, and October while Copepods contributed the 

highest abundance in July, August, and September following the rainfall (Fig-14). Similarly, 

cladocerans increased in density with an increment of rainfall. The density of all species 

identified in sampling date and site are presented in Appendix – 2 and 3. Among the rotifers, 

Brachionus sp., Filinia opoliensis, Keratella tropica, and Polyarthra remata were the most 

abundant and persistent (see Appendix-6). There was an inconsistency of cohort in copepod in 

the study period. The density of copepod was dominated by nauplii and copepodite than the adult 

copepod while calanoids were the most dominant and persistent among the adult copepods. Male 

M. colonialis and P. falcifera were dominant than the females while female M. aequatorialis and 

T. ethiopiansis were dominated than male. The temporal variation in density of major 

zooplankton groups is shown in Fig – 15 (see Appendix-3). Total zooplankton abundance 

showed a significant positive relationship with SRP (p = 0.4, p > 0.01), salinity (p = 0.5, p > 

0.01) and pH (p = 0.3, p > 0.01). 

 

 

 



   

 

Table 7: Identified species of zooplankton in Legedadi Reservoir. 

Taxa 

Abundance  

(Ind. M-3) 

Mean +SD 

 

Remark 

Rotifer   

Anuraeopsis fissa GOSSE, 1851 487.8+1098.2  

Anuraeopsis sp.  1161.8 +4929 Only found at BS station in August 

Asplanchina predonta GOSSE, 1950 631.5+1123  

Asplanchina sieboldi LEYDIG,1854 573.6 +1624  

Brachionus calyciflours PALLAS, 1766 129.1 +540.1 Not found at DS station 

Brachionus sp. 1126.7 +2826.9  

Epiphanes senta MULLER,1773 23.2+ 63.3  

Euchlanis sp. 572.5+1066  

Filinia opoliensis ZACHARIAS, 1898 2294.4 +4398.9  

Filinia pejileri HUTCHINSON, 1964 188.9 +376.8  

Filinia terminalis PLATE,1886 191.2 +370  

Hexarthra intermedia brasiliensis HAUER, 1953 360.3 +542.2  

Keratella tropica APSTEIN, 1907 2725.5 +2946.3  

Lecane closterocerca SCHMARDA, 1859 143.9 +425 Not found at CS station 

Lecane luna MULLER,1776 64.2 +204.9  



   

 

 

Taxa 
Abundance 

Mean +SD 

 

Remark 

Polyarthra remata SKORIKOV, 1896 1157.2 +2060.4  

Reticula sp. 114+140.4  

Testudinella sp.    713.1+1559.5  

Trichocerca flagellata HAUER,1937 4.4 +14.6 Not found at BS station  

Trichocerca tropis HAUER,1937 46.1+119.6 Only found at BS station 

Trochosphaera solititials THORPE,1872 182.6 +340  

Copepod  
 

Mesocyclops aequatorialis VAN DE VELDE, 1984  77.1+157.6  

Metadiaptomus colonialis VAN DOUWE, 1914 296.5+551.4  

Paradiaptomus (Lovenula) falcifera LOVEN, 1845 247.5+655.4  

Thermocyclops ethiopiensis KIEFER, 1934 88.4+140.8  

Cladoceran   

Daphnia barbata Weltner, 1897 117.1 +158.7  
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Figure 12: Percent contribution of zooplankton groups to the total zooplankton abundance in 

Legedadi reservoir 

 

 

Figure 13: Spatial distribution of zooplankton group in Legedadi reservoir. 
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Figure 14: Temporal variation in percentage contribution of the density of different groups of 

zooplankton at Legedadi reservoir. 
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Figure 15: Temporal variation of the density of different taxonomic groups and developmental 

stage of zooplankton at Legedadi reservoir 
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5.2.3. BODY SIZE AND BIOMASS OF ZOOPLANKTON 

The average body size of different zooplankton species and developmental stages in Legedadi 

reservoir is given in Table – 8. The smallest rotifer was Brachionus sp while the largest was P. 

falcifera. Female zooplankton was larger than male zooplankton except in the case of P. 

falcifera.  

Daily biomass of Legedadi reservoir ranged from 0.43 to 94.2 mg DW m-3 at DS station in June 

and at BS station in July respectively with a mean value of 21.5 mg DW m-3. Of the total 

standing biomass of zooplankton (21.5mg DW m-3) in Legedadi reservoir, 97 % (21 mg DW m-3) 

was contributed by copepods and 2 % (0.4 mg DW m-3) was by D. barbata while 1 % (0.1 mg 

DW m-3) was by rotifer. 40.8 % of the mean biomass was covered by nauplii of copepods (both 

calanoid and cyclopoid). From total rotifer biomass, F. opoliensis accounted for 66 %. The total 

zooplankton biomass of the BS station (46 mg DW m-3) was almost 6 times that of the CS station 

(8 mg DW m-3) and 4 times that of the DS station (10.6 mg DW m-3). Rotifers biomass was high 

at DS station and low at CS station. The highest copepod biomass was recorded in May and the 

lowest was in September while the highest rotifer biomass was recorded in August and the 

lowest was in June (Fig – 15). D. barbata had shown a similar trend with rotifer. Spatial and 

temporal variation in biomass of different groups of zooplankton is given in Appendix – 4. 

Zooplankton biomass has shown similar trends with phytoplankton biomass in the sampling 

period except for July and August (Fig – 16). ZB to Chl-a ratio for Legedadi Reservoir is of high 

magnitude (4.3). Redundancy analysis showed salinity had a negative relationship with 

cyclopoid and rotifers while a positive relationship with calanoid, copepodite, nauplii, and D. 

barbata (Fig – 18).  
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Table 8: Body size of major zooplankton in µm in Legedadi reservoir (N=90) 

Taxa  Mean (µm)+ SD Minimum Maximum 

Filinia opoliensis 152.6 + 10.2 142.3 171.6 

Keratella tropica 85.7 + 3.8 79.8 95.8 

Brachionus sp 64.4 + 11.6 51.2 77.8 

Polyarthra remata 66.7 + 9 51.9 78.5 

Daphnia barbata 1008.1 + 411.9 580.5 1795.5 

M. aequatorialis Male 514.9 + 21.6 486.8 537.3 

M. aequatorialis Female 591 + 61.5 509.1 678.3 

T. ethiopiansis Male 582.5 + 119.5 462.8 734.2 

T. ethiopiansis Female 619.6 + 121.4 486.8 782 

P. falcifera Male 1593 + 1047 849.9 3040.4 

P. falcifera Female 1256.9 + 116 1173.1 1428.4 

M. colonialis Male 958.4 + 197.5 764.1 1396.5 

M. colonialis Female 1162.4 + 260 829.9 1492.3 

Calanoid nauplii 167.4 74.8 339.1 

Cyclopoid nauplii 127.1 43.9 263.3 

Calanoid copepodite 463.3 257.4 837.9 

Cyclopoid copepodite 351.0 201.4 526.7 
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Figure 16: Temporal variation of phytoplankton and zooplankton biomass 
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Figure 17: Biomass of different major zooplankton groups and developmental stages in 

Legedadi reservoir. 
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Figure 18: Bi-plot of the Redundancy Analysis zooplankton biomass (broken line) with major 

environmental variables (Solid line). Cal. Cop. – Calanoid copepodite, Cyc. Cop – 

Cyclopoid copepodite. 
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6. DISCUSSION 

6.1. PHYSICO-CHEMICAL PARAMETERS 

6.1.1. PHYSICAL FEATURES 

The surface water temperature of Legedadi reservoir has no significant difference (p > 0.05) 

along with the sampling site while it has shown a difference in the sampling period (p = 0.00). It 

decreases along the sampling period and became low in the rainy season. It is related to the 

declining of irradiance and air temperature which was strongly correlated with water temperature 

(r = 0.996,p > 0.01). The study finding is aligned with the report of Melaku Mesfin and Amha 

Belay (1989), AAWSA (1994), Habte Jebessa (1994), and Adane Sirage and Demeke Kifle 

(2017). The water temperature of Legedadi reservoir is lower than Lake Tana (Tesfaye Wudneh, 

1998; Ayalew Wondie and Seyoum Mengistou, 2014), Lake Kriftu (Eshete Assefa and Seyoum 

Mengistou, 2011), Lake Ziway (Adamneh Dagne, 2010), Koka reservoir (Hadgembes Tesfay, 

2007) and Lobo-Broa Reservoir, Brazil (Rodríguez and Tundisi, 2002). This is possibly due to 

the high altitude of Legedadi reservoir which experiences less solar radiation than the Lakes and 

reservoirs mentioned above (Wetzel and Likens, 2000). 

Water transparency of the reservoir with a Secchi depth had not shown spatial variation (p > 

0.05) while it had shown a significant difference (p = 0.00) in the study period. This variation 

was caused following the rainy season which increases the external load of the reservoir. 

Legedadi reservoir has low Secchi depth which is due to the high turbidity of the reservoir. 

Person’s correlation shown the presence of moderate inverse correlation between turbidity and 

Secchi depth (r = -0.45, p>0.01) while it is strong in Geffersa reservoir (Nigatu Ebisa, 2010). The 

Secchi depth of this study is within the range compared with the earlier report byAAWSA (1994) 

and Adane Sirage and Demeke Kifle (2017)  while it is shallower than the reports of Melaku 

Mesfin and Amha Belay (1989) and Habte Jebessa (1994) those recorded a lower turbidity value 

than this study. The reason may be the increment of sedimentation rate due to lack of catchment 

protection activity. 
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Secchi depth and euphotic depth of Legedadi is lower than Ethiopian lakes and reservoirs: 

Geffersa Reservoir (Nigatu Ebisa, 2010), Lake Kriftu (Eshete Assefa and Seyoum Mengistou, 

2011), Lake Hawasa (Green and Seyoum Mengestou 1991), and Lake Ziway (Adamneh Dagne, 

2010). Similarly, low values of transparency have been reported for shallow reservoirs in Koka 

Reservoir (Hadgembes Tesfay, 2007).  

The turbidity of Legedadi Reservoir is relatively high which had no significant spatial variation 

(p > 0.05). There is a significant difference in turbidity value in July when there was maximum 

rainfall. The turbidity level of Legedadi Reservoir is much higher than Geffersa Reservoir 

(Nigatu Ebisa, 2010), Lake Tana (Ayalew Wondie and Seyoum Mengistou, 2014). The studies 

conducted in every decade in the last 40 years including this study showed that the turbidity was 

folded twice in a decade (Melaku Mesfin and Amha Belay, 1989; AAWSA, 1994; Adane Sirage 

and Demeke Kifle, 2017). Turbidity of the reservoir has increased haphazardly probably due to 

three reasons. Firstly, the high sediment load of the reservoir through runoff was 54.19 t/ha/yr in 

1997 (AAWSA, 1994) and become 66.21 t/ha/yr in 2013 (Sisay Habtegebreal, 2014). Secondly, 

the presence of common carp may cause the reservoir to be highly turbid. The fish is well known 

to disturb the bottom of the reservoir as it is a bottom feeder (Magalhães, 1993; Gul et al., 2010; 

Rahman et al., 2010; Mangi and Memon, 2017). Thirdly, the polymictic nature of the reservoir 

which is the result of high wind action may cause turbidity by suspending particles.  

There was a significant temporal variation (p < 0.05) in the salinity of Legedadi reservoir while it 

is the same across the sampling station (p > 0.05). The temporal variation occurred during the 

high rainy season which has a dilution effect. This finding is in line with the earlier report of 

AAWSA (1994), (Habte Jebessa, 1994) and Melaku Mesfin and Amha Belay (1989). The 

salinity of the reservoir is below the standard level of freshwater. The salinity of the reservoir is 

more or less similar to Koka Reservoir  (0.2 g/L) (Elizabeth Kebede et al., 1994). The salinity is 

slightly lower than some Ethiopian freshwater; Lake Ziway (0.3 – 0.4 g/L) (Herco Jansen, 2009), 

Lake Abaya (0.9 g/L), and Lake Chamo (1 g/L) (Elizabeth Kebede et al., 1994). The reservoir 

also has lower salinity than Lake Turkana (1.7-2.7 g/L) (Yuretich and Cerling, 1983; Peck, 

2015).  
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6.1.2. CHEMICAL FEATURES 

The pH value of the reservoir has shown significant temporal and spatial variation (p < 0.05). 

These variations are coincided with where and when the algal bloom occurred and copper sulfate 

was sprayed to control the bloom. pH value was lower at the dam station and nearby in July 

when after the application of copper sulfate. The solubility of copper sulfate in water is lower in 

high pH and lower water temperature (Justel et al., 2015). The other lowest pH was recorded in 

October when there was the highest turbulence due to high wind action in the sampling period 

(Fig-2 in the description of the study area) which suspended particles and acidic microbial 

products and ultimately reduce pH value. This finding is slightly greater than the reports on the 

same reservoir  (6.7 – 7.6) (Melaku Mesfin and Amha Belay, 1989), 7.32 (Habte Jebessa, 1994), 

(7.2-8.28) (Adane Sirage and Demeke Kifle, 2017). This is maybe due to the high land-use 

change and increment of soil erosion in the catchment which increases the nutrient entering the 

reservoir that contributed to the pH value (Andualem Gessese, 2008; AAWSA, 2012; Sisay 

Habtegebreal, 2014). Legedadi reservoir has a comparable pH value when it compares with other 

Ethiopian and abroad reservoir and lakes (Table- 9). 

The total alkalinity of the reservoir doesn’t show significant spatial variation (p > 0.05) while 

there was temporal variation (p < 0.05) that concurs with the rainfall. Total alkalinity was 

lowered when there is high rainfall which may trigger dilution in the concentration of total 

carbonates. The finding of this study is closer to the range of total alkalinity reported earlier 

(Melaku Mesfin and Amha Belay, 1989; AAWSA, 1994; Habte Jebessa, 1994; Adane Sirage and 

Demeke Kifle, 2017). Generally, Legedadi Reservoir has low alkalinity which resulted in low 

buffering capacity of the reservoir, it means the reservoir is intolerant to the addition of a small 

amount of acid into the system. As suggested by Adane Sirage and Demeke Kifle (2017), the low 

alkalinity of the reservoir may be due to the geochemistry of the reservoir which contains a low 

concentration of OH-, HCO3
-, CO3

-. 

In similar ways, the total cation of the reservoir is also low relative to other lakes and reservoirs 

as reported in the previous studies on the reservoir (Melaku Mesfin and Amha Belay, 1989; 

AAWSA, 1994; Habte Jebessa, 1994; Adane Sirage, 2006). This resulted lower in electronic 

conductivity and salinity of the reservoir. Electronic conductivity (K25) was lower than the earlier 

studies (Melaku Mesfin and Amha Belay, 1989; AAWSA, 1994; Habte Jebessa, 1994; Adane 
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Sirage and Demeke Kifle, 2017). It is lower relative to other Ethiopian and abroad lakes and 

reservoirs (Table – 9). 

Table 9: Comparison of pH and conductivity value of Legedadi Reservoir with other 

reservoir and lakes 

Reservoirs 
Conductivity 

(µs/cm) 
pH Reference 

Legedadi 30 7 – 9  Present study 

Geferssa 72.4 - 136.56 7.29 - 8.44 Nigatu Ebisa, 2010 

Koka 200 8.3 - 8.6 Hadgembes Tesfay, 2007  

Oyun, Nigeria 80.4 - 178.8  6.8 - 8.2 Mustapha, 2008 

Lakes    
 

Ziway 425.4 8.7 Adamneh Dagne, 2010  

Kuriftu 3190 8.20-8.93 Eshete Assefa and Seyoum Mengistou, 2011  

Tana 115–148 6.8–8.3 Ayalew Wondie and Seyoum Mengistou, 2014  

Magadi   7.2 - 11.05  Eugster, 1970  

Dissolved oxygen of Legedadi Reservoir doesn’t show significant spatial variation (p > 0.05) 

while there was temporal variation (p = 0.006). This temporal variation may depend on the 

variation of irradiance intensity. DO in Legedadi Reservoir is typically dependent on water 

temperature at BS station while it may depend on the photosynthetic rate at DS station. As DO 

has an inverse relationship with water temperature (Walczyńska and Sobczyk, 2017), it increases 

when the water temperature is decreased at the BS station. However, the similar pattern of DO 

and temperature at the DS station is probably due to the high photosynthetic rate when the 

irradiance intensity is higher which is responsible for the rise of water temperature. DS station is 

a site where the algal bloom was frequently observed, and the highest phytoplankton biomass 

was recorded. The present DO values for Legedadi Reservoir are slightly lower than those 

reported previously by Melaku Mesfin and Amha Belay (1989), AAWSA (1994), Habte Jebessa 

(1994), and Adane Sirage (2006). It may be due to the period of the study in which their study 

was conducted in the dry season mostly when there was high irradiance.  
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Organic matter of the reservoir had shown temporal variation (p < 0.05) which was following the 

rainy season. The higher organic content of the water at the DS station is related to the higher 

algal biomass at a similar station. Moreover, the season for the appearance of this high 

concentration coincided with the season after the spray of copper sulfate, this may shifting the 

alive to detritus. The higher concentration of organic matter in the reservoir may be a cause for 

the lower concentration of DO and alkalinity of the reservoir relative to other Ethiopian lakes 

and reservoirs. It also attributed to the highest TSS value of the reservoir.  

Total suspended solids and Total dissolved solid of the reservoir had shown a similar manner 

with the turbidity as they are the main factor for turbidity. TSS had shown significant temporal 

variation (p < 0.05) while TDS does not show temporal and spatial variation (p > 0.05). The peak 

value of TSS and TDS was related to the highest rainy season. The value of TDS and TSS of this 

study was eighty times folded of the previous reports (Melaku Mesfin and Amha Belay, 1989; 

AAWSA, 1994; Habte Jebessa, 1994; Adane Sirage, 2006). The reservoir has a higher TDS and 

TSS value than other Ethiopian lakes and reservoir which may be due to similar reason as 

turbidity and most of the sampling period was rainy season: Lake Tana (TDS,148-178 mg L-1) 

(Ayalew Wondie and Seyoum Mengistou, 2014) and Gefferssa Reservoir (TSS, 25 mg L-1) 

(Nigatu Ebisa, 2010).    

The nitrogen content of the reservoir as NH3-N, NO2
- and NO3

- had shown temporal variation (p 

< 0.05) whereas there was no significant spatial variation (p > 0.05). The high content of 

nitrogen recorded in the highest dry season may due to evaporative concentration. It became 

lower in the rainy season due to dilution and increases in post rainy season probably due to the 

high external load through runoff. Talling (2011) noticed this event in African lakes including 

Ethiopian water bodies. Moreover, the peak values of ammonia and nitrate concurred with 

periods of high phytoplankton biomass which probably suggesting that nitrogen is the limiting 

nutrient for algal growth and release of ammonium from the decomposition of algal material 

(Talling and Talling, 1965; Wetzel and Likens, 2000). It is because the period is usually the peak 

of agricultural activities around the reservoir. Washing of cow dungs and bathing and washing 

with phosphate-based detergents and soaps into the reservoir could have also caused the high 

concentration of the ions. These events led to cultural eutrophication of the reservoir with 

subsequent bloom in algae and changes to the water quality (Mustapha, 2008). Besides the 
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external load of the reservoir, the high wind reaction of the reservoir in the dry season makes the 

nutrients available.   

The nitrogen content of the reservoir in this study is closer to the study of Adane Sirage and 

Demeke Kifle (2017) and (AAWSA, 1994; 2012) whereas it is lower than the study of (Habte 

Jebessa, 1994) and (Melaku Mesfin and Amha Belay, 1989). This is maybe due to the variation 

of the study period when they included the dry season heavily which has an evaporative 

concentration effect to enlarge the concentration of the nutrient. The reservoir has a higher level 

of nitrogen content as ammonia, nitrate, and nitrite than other Ethiopian lakes and reservoirs 

(Table-10). This is maybe due to the land uses of the catchment which is intensively agricultural 

practices and lack of macrophyte development on the bank of the reservoir. It could have come 

from leaching and run-off of nitro-phosphate and sulfate fertilizers from nearby farmlands. 

Moreover, the steeply nature of the catchment and the high rate of land use change trigger the 

high external sediment and nutrient load to the reservoir (Andualem Gessese, 2008; Sisay 

Habtegebreal, 2014).  

In this study, the reservoir has shown significant spatial (p = 0.02) and temporal variation (p = 

0.00) of sulfate. The highest concentration of sulfate was recorded at Dam station and in June 

that coincided with when and where copper sulfate was sprayed to control algal bloom. Sulfate 

value reduced with an increment of the rainy season and become lowest post rainy season, this is 

maybe due to the dilution effect and also coincided with the highest water level. The value 

recorded in this study is very lower than the value reported by Habte Jebessa (1994) but it was 

closely related to the value recorded by other studies on a similar reservoir (Melaku Mesfin and 

Amha Belay, 1989; AAWSA, 1994; Habte Jebessa, 1994; AAWSA, 2012; Adane Sirage and 

Demeke Kifle, 2017).  
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Table 10: Comparison of the nitrogen contents of Legedadi reservoir with other reservoirs 

and lakes. (1) Present study (2) (Nigatu Ebisa, 2010), (3) (Hadgembes Tesfay, 

2007), (4) (Mustapha, 2008), (5) (Adamneh Dagne, 2010), (6) (Eshete Assefa and 

Seyoum Mengistou, 2011)and (7) (Ayalew Wondie and Seyoum Mengistou, 2014). 

Reservoir NH3-N NO2
- NO3

- Reference 

Legedadi 0.467 (0.21-0.89) 0.005  (0-0.03) 

0.17     

(0.05-0.29) 1 

Geferssa 0.15 - 0.87 _ 0.01-0.3 2 

Koka 
  

0.04- 0.27 3 

Oyun, Nigeria 
  

1.4 - 6.4 4 

Lake 
   

  

Ziway 0.036 0.004 5 

Kuriftu 
  

0.033 - 0.045 6 

Tana 
  

0.2 7 

The amount of sulfate in Legedadi reservoir is higher than in other reservoirs and lakes (Table-

11) except the eutrophic reservoir, Oyun Reservoir. This may be due to the high algal biomass of 

the reservoir which may result in high sulfate concentration as reported by Armengol et al. 

(1999) and Mustapha (2008). The redundancy analysis showed there is a strong positive 

correlation between sulfate and organic matter (see figure-4 in result section). Besides this, the 

application of sulfate fertilizers nearby farmland finds a way to the reservoir which contributed 

to the highest amount of sulfate in the reservoir.  

Silica concentration of Legedadi reservoir has no significant spatial variation (p > 0.05) while 

there is significant temporal variation (p < 0.05). It has a similar trend with the other algal 

nutrient in which its value was increased from post rainy season to dry season and the lowest 

value was in the rainy season. This may indicate that the concentration of silica in the reservoir is 

based mainly on external load through the run-off and become highest in the evaporative 

concentration as the season become dry.    
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The recorded value of silica in this study is closer to the earlier report of Melaku Mesfin and 

Amha Belay (1989), AAWSA (1994), and Habte Jebessa (1994) in the same reservoir while the 

report of Adane Sirage and Demeke Kifle (2017) is higher than this study. This is probably the 

result of the sampling period of the study. Adane Sirage and Demeke Kifle (2017) consider a 

wide range of the dry season in which there was a high concentration of silica as reported in this 

study. However, the value of this study was closer and somehow higher than the value of other 

Ethiopian and tropical lakes and reservoirs (see Table-11). This is maybe due to the absence of 

needs for silica by the low level of diatom in the algal group of the reservoir. Studies indicate 

that a large amount of silica consumption and production occurs in the aquatic system where 

there are a large number of diatoms (Eugster, 1970; Cole, 1983; Gasse, 1986a; Wetzel and 

Likens, 2000). The report of Adane Sirage and Demeke Kifle (2017) confirmed that the absence 

of a relationship between silica concentration and phytoplankton biomass. Besides this, the high 

level of sediment load due to the eroded soil in the catchment may be the main factor for the high 

level of silica concentration in the reservoir. The erosion rate of the catchment is folded twice 

and three-time from time to time (AAWSA, 1994; Andualem Gessese, 2008; AAWSA, 2012; 

Sisay Habtegebreal, 2014).  

SRP (PO4) of Legedadi reservoir does not shown spatial variation (p > 0.05) whereas there was 

temporal significant variation (p < 0.05). A high level of phosphate was recorded in the dry 

season which may be the result of evaporative concentration. The peak value of the finding 

coincided with the lowest water level of the reservoir when there is high evaporation which may 

cause the increment of nutrient concentration. Moreover, the highly fluctuated nature of the 

water level of the reservoir may have affected the concentration of SRP. During the dry season, 

the level of water is reduced highly and leaves a hundred meters which results in the shoreline 

became bare and the littoral sediments being dried. Besides this, due to the loss of rivers in the 

season, human activities will become into the shore of the reservoir where they watering animals, 

grazing animals on macrophytes grow on the dried sediment, washing clothes and cow dung, and 

bathing with phosphate-based detergents and soaps. All the material resulted from these 

activities nearby or around the reservoir could have also caused the high concentration of SRP. 

The higher SRP concentration at the shore station (BS station) in the dry season may be 

indicative for this reason. These phenomena have been reported to contribute significantly to the 

high nutrient pool of the reservoirs in Nigeria (Mustapha, 2008). A similar suggestion was 
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presented by earlier studies in the same reservoir (AAWSA, 2012; Adane Sirage and Demeke 

Kifle, 2017).  

The finding of this study is much higher than those reported earlier in the same reservoir 

(Melaku Mesfin and Amha Belay, 1989; AAWSA, 1994; Habte Jebessa, 1994; AAWSA, 2012; 

Adane Sirage and Demeke Kifle, 2017) and other Ethiopian reservoirs and lakes (See Table-13). 

This is possibly the result of lack of catchment protection and steep nature of the catchment 

together with lack of vegetation cover in the littoral zone and intensive human activities in the 

watershed such as agriculture that uses a high level of nitro-phosphate inorganic fertilizers. As a 

result, the sedimentation rate with high nutrient load increased haphazardly. According to the 

information of the Ministry of Agriculture (MOA) in Sendafa woreda, the farmers used 

Diammonium Phosphate (DAP) and urea to fertilize their croplands (AAWSA, 2012). Moreover, 

the report of (Morris, 1980) and Lehman (1980) showed that zooplankton are capable of 

regenerating phosphorus to the system remarkably, more than the combined external sources 

sometimes.  

In general, algal nutrients did not show spatial variation (p > 0.05) even though the BS station 

has a higher value. This is maybe due to the polymictic nature of the reservoir, the frequent and 

strong wind action mix up the whole part of the reservoir and makes the nutrients available. 

Earlier investigations confirmed the remarkable role of wind in nutrient recycling (Langenberg et 

al., 2003; Blottiere, 2015). BS station is the shore of the reservoir where the river Bole is found, 

so nutrients inflow through runoff into the reservoir allows the area to be rich in nutrients. 

Moreover, the highest and frequent fluctuation of water level exposes the station to drying and 

wetting which trigger human and animal activities in the area during the empty phase. Various 

reports showed that wastes from those human and animal activities are a potential source of 

nutrients for the station (Vanni, 2002; Hill et al., 2005; Mustapha, 2008).      
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Table 11: SRP, Silica, and sulfate value of Legedadi reservoir with other reservoirs and 

lakes.(1) Present study (2) (Nigatu Ebisa, 2010), (3) (Hadgembes Tesfay, 2007), (4) 

(Mustapha, 2008), (5) (Adamneh Dagne, 2010), (6) (Eshete Assefa and Seyoum 

Mengistou, 2011), (7) (Ayalew Wondie and Seyoum Mengistou, 2014) and (8) 

(Eugster, 1970). 

Reservoir SRP Silica SO4 Reference 

Legedadi 0.17 (0.06-0.85) 11.8 (6-19) 3 (0-19) 1 

Geferssa 0.029-0.2 2.5 -13.4  2 

Koka 0.016-0.081 6.25 -15.35  3 

Oyun, Nigeria 0.7 - 2.2 30 - 60 9 - 16.9 4 

Lake      

Ziway 0.034 37 0.3 5 

Kuriftu 0.009-0.037 5.6 - 10.5  6 

Tana 1 3.22  8 

Magadi  0.009-0.13 0.02-1.44 0.024-4.8 9 

The reservoir also had shown a temporal variation of all algal nutrients in a similar pattern (p < 

0.05). These variations are probably due to dilution and low wind action (Fig - 2) during the 

rainy season and evaporative concentration during the dry season. According to AAWSA (1994), 

80 % of the steep slope of the catchment was cropping land and grazing for which farmers use 

nitro-phosphate inorganic fertilizers like DAP and urea. Population number of the catchment is 

haphazardly increased followed by a high rate of land-use changes into agricultural land, 

grazing, and settlement which resulted in the high rate of soil erosion that finds a way into the 

reservoir directly during the rainy season (Andualem Gessese, 2008; Sisay Habtegebreal, 2014). 

Ultimately, their accumulations after a while raise the concentration of nutrients in the post rainy 

season and become highest in the dry season due to evaporation. Generally, the algal nutrient of 

the reservoir is below the threshold level of WHO (1996) for drinking water supply. 
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6.2. BIOLOGICAL PARAMETERS 

6.2.1. PHYTOPLANKTON 

In this study, the identified algal species is matched up with earlier studies in the same reservoir 

(Melaku Mesfin and Amha Belay, 1989; AAWSA, 1994; Adane Sirage and Demeke Kifle, 

2017). However, the number of identified phytoplankton in the study (14) is comparable with the 

earlier report (12) (Melaku Mesfin and Amha Belay, 1989) and lower than (22) (AAWSA, 1994) 

and (35) (Adane Sirage and Demeke Kifle, 2017). This variation probably arises due to unable to 

catch many of the resident algae-smaller algae as well as the slender ones like pennate diatoms. 

And it may be related to the limitation in the identification of the lower taxonomic level. 

Nevertheless, the reservoir was experiencing blooming of algae in the study period (Fig-19b) as 

reported in the earlier studies(Adane Sirage and Demeke Kifle, 2017). Moreover, the reservoir is 

highly dominated by the filamentous and colonial Cyanophyceae like Microcystis and Anabaena 

those are well known for water quality deterioration and toxin formation (Amha Belay and 

Wood, 1982; Cole, 1983). The dominancy of these groups was reported up to > 60 % of the 

phytoplankton abundance (Adane Sirage and Demeke Kifle, 2017). The investigation of Hanna 

Habtemariam (2017, personal communication) on the toxicology of Microcystis in parallel to this 

study confirmed the dominancy of the species at a time. The dominance of this ungrazeable and 

nuisance species in the reservoir may be due to the high turbidity of the reservoir and their 

physiological adaptation – gas vacuole. Moreover, it may be caused by the selection feeding of 

herbivore zooplankton towards the smaller phytoplankton according to the size efficiency 

hypothesis (Brooks and Dodson, 1965). The larger size of the phytoplankton makes it difficult to 

be ingested as food instead, it may entangle, clogged and damaged the feeding apparatus of 

zooplankton (Fig-19c). Eventually, the reduction of computation for a resource may lead to the 

proliferation of the larger Cyanophyceae. The extensive and comprehensive review of Brook 

Lemma (2018) on Lake Dagow, Germany, Lake Bishoftu-Guda (Babogaya), Lake Hora-Arsedi, 

and Lake Kuriftu came up with a similar suggestion for Paradiaptomus and Daphnia.  

Phytoplankton biomass estimated as Chl-a had no spatial variation (p > 0.05) while it has a 

significant difference along with the sampling dates (p < 0.05). The peak in Chl-a recorded in 

May and September when there were high solar radiation and high algal nutrients. The biomass 

was reduced during the early rainy season especially in June in accordance with Adane Sirage 
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and Demeke Kifle (2017). Besides the low radiance, the application of algaecide copper sulfate 

may attribute to the reduction of biota at all (Justel et al., 2015). The RDA analysis shows that 

the presence of a positive correlation between major algal nutrients (Nitrate, nitrite, and silica) 

and temperature with Chl-a. It indicates the dependence of phytoplankton on those factors as 

documented in the literature (Demeke Kifle and Amha Belay, 1990; Hunt and Matveev, 2005). 

The algal biomass recorded in this study is comparable with the earlier study (Habte Jebessa, 

1994). However, it is low in relative to other reports (Melaku Mesfin and Amha Belay, 1989; 

Adane Sirage and Demeke Kifle, 2017), it seems to be associated with the sampling period in 

which they incorporate ten months to a year data. Furthermore, the algal biomass of this study is 

comparable with Lake Tana and lower than other Lakes (Table- 12), probably due to its highest 

water turbidity.  

A gross photosynthetic rate at light saturation (Amax) of Legedadi Reservoir (51.7 - 128.5, mg C 

m-3 h-1) was comparable to the earlier report in the same reservoir (Adane Sirage, 2006) (52.1-

297, mg C m-3 h-1). However, this high photosynthetic rate was got from the sample in the rainy 

season only. Similarly, the high productivity of surface water at 0.5m depth was recorded in 

Adane Sirage (2006) even there is high productivity at 0.25m depth. The low productivity of 0.5 

m depth is related to the lowest euphotic depth of the reservoir due to its high water turbidity.   
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Table 12: Comparison of phytoplankton biomass as chlorophyll-a with various lakes 

Lakes Chl-a (µg L-1) References 

Legedadi 5 Present study 

Tana 4.5 Ayalew Wondie and Seyoum Mengistou, 2006 

Kuriftu  15.6-63.7 Eshete Assefa and Seyoum Mengistou, 2011  

Ziway 6.8-58.4 Adamneh Dagne, 2010  

Small Abaya 31.2 Yirga Enawgaw and Brook Lemma, 2018  

 

 

 

 

 

 

 

 

 

 

 



   

 

72 

 

 

 (A)                                                                      (B) 

 

  (C)                                                                 (D) 

Figure 19: Features of Legedadi Reservoir during the study (A) highest water level of the 

reservoir with a total absence of land-cover (B) Algal scum during sampling period 

that dominated by Microcystis aeruginosa, (c) the trouble that zooplankton face 

from the filamentous algae and (D) Zygnema sp under high objective lens of a 

compound microscope. 
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6.2.2. ZOOPLANKTON 

6.2.2.1. Composition and abundance of zooplankton 

In this study, typical tropical zooplankton was recorded in the reservoir and some of them were 

reported in earlier studies. Defaye (1988) reported only two calanoid species (Paradiaptomus 

falcifera and Metadiaptomus colonialis) in the reservoir. Similarly, Metadiaptomus colonialis 

was also recorded in a similar reservoir by Habte Jebessa (1994). The two cyclopoid species 

were reported in this paper solely, this may be due to different sampling seasons and techniques. 

Moreover, a single sample was taken in those two papers according to their objective. Even 

though both papers didn’t consider rotifers, Adane Sirage (2006) reported the presence and 

dominance of Asplanchina sp. in the reservoir alike this paper.  

Zooplankton diversity of Legedadi reservoir (26) is higher than Lake Kuriftu (9) (Eshete Assefa 

and Seyoum Mengistou, 2011) and Lake small Abaya (24) (Yirga Enawgaw and Brook Lemma, 

2018) while it is much lower than that of Ethiopian rift valley lakes: Lake Hawassa (53) 

(Seyoum Mengestou and Fernando, 1991a) and Lake Zeway (59) (Adamneh Dagne, 2010). The 

difference in the diversity of the study area and other Ethiopian lakes may be due to differences 

in the quality and quantity of available food which may result from the different levels of 

nutrients, turbidity, hydrology, etc. These factors have a high correlation with that of the 

zooplankton community structure of African inland water (Edmondson and Vinberg, 1971; 

Talling, 2011).    

The species richness of the study area was dominated by rotifers as typically tropical distribution 

(Adamneh Dagne, 2010; Ayalew Wondie and Seyoum Mengistou, 2014). The rotifers richness 

over the microcrustaceans is also reported by several authors in the different tropical aquatic 

ecosystems (Table-13). In the system where there is a fish, the system is more predominantly 

invaded by small-bodied zooplankton (Brooks and Dodson, 1965; Shapiro and Wright, 1984). 

The zooplanktivor fish, Garra sp. that is found in the reservoir may play this role in the system. 

This species was reported to have 30 – 50% zooplankton in their diet in Lake Ashenge 

(Vijverberg et al., 2014). However, the impact of this zooplanktivor fish on the zooplankton 

community of the studied reservoir needs further investigation.    



   

 

74 

Table 13: Species richness of zooplankton in the various reservoir (R) and lakes (L) 

Ecosystem Rotifer 
Cladoceran

s 

Copepo

d 
Reference 

R. Legedadi  21 1 4 Present study 

R. Geferssa  15 8 2 Nigatu Ebisa, 2010 

L. Hawassa 40 5 8 Seyoum Mengestou et al., 1991 

L. Small Abaya 11 5 2 Yirga Enawgaw and Brook Lemma, 2018 

L. Ziway 49 7 3 Adamneh Dagne, 2010  

L. Kuriftu 5 3 1 Eshete Assefa and Seyoum Mengistou, 2011  

L. Tana 7 8 3 
Ayalew Wondie and Seyoum Mengistou, 

2014 

L. Valencia,  13 6 3 Saunders and Lewis, 1988 

L. Bosumtwi,  6 1 1 Sanful, 2008 

The analysis on the abundance of zooplankton community in Legedadi reservoir revealed that 

the reservoir was dominated by copepods (Fig-12, in result section). The dominant abundance of 

copepods over cladocerans and rotifers is common in tropical and subtropical water bodies 

(Fernando, 1980; Twombly, 1983). Evasive strategies of copepods such as specially adapted 

physiological features to sustain in anoxic condition (but the mechanism is still not described) 

(Tadesse Fetahi et al., 2011a), having low reproductive rates with high survival rates of juveniles 

and high recruitment rates (Lewis, 1979; Saunders and Lewis, 1988) may allow for the 

maintenance of large population sizes. Furthermore, versatile mode of feeding including colonial 

blue-green algae by copepods may attribute to its high abundance(Sanful, 2008). The dominancy 

of copepods was followed by rotifers and became more abundant in some seasons such as the pre 

and post rainy season. This seasonal fluctuation of abundance showed clear oscillation (Fig-14. 

in result section). The dominancy of the rotifer abundance coincided with the reduction of the 

abundance of copepods. This may be due to two major reasons, reduction in predation pressure 

by the cyclopoid copepods and reduction of competition for food from calanoid, nauplii, and 

early copepodites. Cyclopoid copepods are reported as good invertebrate predators of rotifers 

(Burgis, 1969; Fernando et al., 1990; Scheffer, 1998). This role of cyclopoid is mentioned in 
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some Ethiopian lakes  (Tadesse Fetahi et al., 2011a; Yirga Enawgaw and Brook Lemma, 2018). 

Besides the more efficient grazer cladoceran and calanoid copepods (Fernando et al., 1990; 

Lampert and Sommer, 2007), nauplii and early copepodites are good competent herbivorous 

(Saunders and Lewis, 1988; Sanful, 2008). The dominance of the abundance of copepods and 

rotifers over the cladocerans is also reported in L. Valencia (Saunders and Lewis, 1988) and 

Lake Small Abaya(Yirga Enawgaw and Brook Lemma, 2018). Studies show that smaller 

zooplanktons are benefited more in abundance than cladocerans in the ecosystem dominated by 

filamentous and colonial blue-green algae (Fulton and Paer, 1988; Bouvy et al., 2000). Such an 

algal community limits the exploitation rate of cladocerans as they are filter feeders through a 

physical constraint on ingestion, nutritional inadequacy, and toxicity. Higher turbidity of the 

reservoir may have a great role in the lowest abundance of D. barbata by clogging the digestive 

apparatus (Lewis, 1979; Kirk, 1991). This is indicated by the lowest abundance of D. barbata 

when the turbidity of the reservoir peaked.  

The polymictic nature of the reservoir enables the system to have a uniform distribution of 

zooplankton abundance with no significant spatial difference (p > 0.05). In a short sampling 

period, however, the reservoir shows a temporal variation in the abundance of the zooplankton 

community (p < 0.05). Variations in the seasonal pattern of the zooplankton community are 

common in several tropical and subtropical water bodies. The literature revealed that temporal 

variations of tropical zooplankton are probably explained by the variation of physical and 

chemical features of the lakes that can bring a change on the quantity and quality of available 

food (Kassahun Wodajo and Amha Belay, 1984; Saunders and Lewis, 1988; Seyoum Mengestou 

and Fernando, 1991a; Mageed, 2006; Adamneh Dagne, 2010; Ayalew Wondie and Seyoum 

Mengistou, 2014). The maximum zooplankton abundance was in the rainy season in accordance 

with other lakes (Tadesse Fetahi et al., 2011a; Yirga Enawgaw and Brook Lemma, 2018) as 

rainfall is a major source of nutrient input through runoff (Burgis, 1969; Sanful, 2008) and as it 

is a season of maximum lake mixing (Cole, 1983; Seyoum Mengestou and Fernando, 1991a). 

The minimal abundance in June and September coincided with a season when copper sulfate was 

sprayed and the bottom outlet drainage was opened respectively. Generally, the reservoir has low 

zooplankton density relative to other Ethiopian lakes (Tesfaye Wudneh, 1998; Adamneh Dagne, 

2010; Tadesse Fetahi et al., 2011a) that could be due to the proliferation of inedible large blue-

green algae in the reservoir especially Microcystis and Anabaena sp. (AAWSA, 1994; Adane 
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Sirage and Demeke Kifle, 2018). Studies show the ability of these phytoplankton to minimizes 

grazing (Hanley, 1987) and their size reduces the predation pressure on them (Brooks and 

Dodson, 1965; Shapiro and Wright, 1984).    

6.2.2.2. Body size and biomass of zooplankton 

As it is common in tropical water bodies, the size of zooplankton recorded in this study is 

smaller than the temperate zooplankton. Moreover, the size of zooplankton in the study area was 

bigger in the case of females than males in accordance with the literature (Downing and Rigler, 

1984; Seyoum Mengestou and Fernando, 1991b; Harris et al., 2000; Fernando, 2002). However, 

P. falcifera female was smaller in single sampling date August when the size and biomass of all 

zooplankton were highest. Similarly, the lower abundance of female P. falcifera in a similar 

sampling date may indicate that it may be related to predation pressure. This means a conducive 

environment encourages the reproduction rate of the species. Consequently, the egg-carrying 

females appeared larger than the males and became vulnerable to predation. Studies show that 

community reproductive rate, biomass, and production are maximum during the rainy season 

(August to October) (Seyoum Mengestou and Fernando, 1991b; Sanful, 2008). The study of 

Seyoum Mengestou and Fernando (1991b) indicated the larger size of ovigerous females than 

adult females.  

The general pattern of the size of zooplankton in this study is low relative to other tropical lakes 

and reservoirs. The size of M. aequatorialis (487-678, µm) in Legeradi reservoir is smaller than 

Lake Hawassa (745- 958, µm) (Seyoum Mengestou and Fernando, 1991b), Lake Ziway (742-

1526, µm) (Adamneh Dagne, 2010), Lake Small Abaya (862-912, µm) (Yirga Enawgaw and 

Brook Lemma, 2018) and Lake Tana (930-970, µm) (Ayalew Wondie and Seyoum Mengistou, 

2006). Similarly, the study recorded a smaller size of T. ethiopiansis (462-782, µm) relative to 

Lake Tana (800-820, µm) for the same species (Ayalew Wondie and Seyoum Mengistou, 2006) 

while it is comparable with Thermocyclops sp in Lake Hawassa (460-520, µm) (Seyoum 

Mengestou and Fernando, 1991b) and Lake Tana (400-1000, µm) (Tesfaye Wudneh, 1998). 

Moreover, the size of K.tropica in the studied reservoir (86 µm) was lower than the Bariri 

reservoir, Brazil (108.6 µm) for the same species. Nevertheless, the body size of D. barbata 

(581-1796 µm) in Legedadi reservoir was quietly larger than Lake Ziway (445-1377, µm) 

(Adamneh Dagne, 2010) and Lake Small Abaya (701-793, µm) (Yirga Enawgaw and Brook 
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Lemma, 2018). However, the body size of cyclopoid nauplii and copepodites in Legedadi is 

comparable with several Ethiopian lakes (Table-14).  

Table 14: The body size (µm) of cyclopoid nauplii and copepodites in various water bodies 

Lakes 
Cyclopoid 

copepodite 

Cyclopoid 

nauplii 
References 

Legedadi 201-527 44-263 Present study 

Tana 350-400 160-190 Ayalew Wondie and Seyoum Mengistou, 2006  

Kuriftu  550 230 Eshete Assefa and Seyoum Mengistou, 2011  

Hawassa 355-535 130-240 Seyoum Mengestou and Fernando, 1991b  

Ziway 212-742 106-297 Adamneh Dagne, 2010  

Small Abaya 425-560 169-180 Yirga Enawgaw and Brook Lemma, 2018  

Bosumtwi, 

Ghana 
360-780 130-310 Sanful, 2008 

Generally, the most abundant copepod and cladoceran taxa in tropical water bodies are typically 

< 1.0 mm in length (Vijverberg et al., 2014). Different environmental and biotic factors have a 

role in affecting the body size of freshwater microcrustacean zooplankton (Lewis, 1979). The 

extensive review of Hart and Bychek (2011) suggests that the body size of zooplankton generally 

declines with temperature and increases with the rising food supply. The water temperature of 

this reservoir is lower than all the water bodies mentioned above which may be the reason for 

larger the body size of zooplankton. Like the suggestion of Hart and Bychek (2011), the 

phytoplankton biomass and its quality of the reservoir to support the zooplankton community is 

relatively lower.  

The biomass contribution of dominant zooplankton in Legedadi Reservoir was copepods, 

cladocerans, and rotifers in ascending order which is known from most tropical lakes (Table-15) 

(Sanful, 2008; Ayalew Wondie and Seyoum Mengistou, 2014; Yirga Enawgaw and Brook 

Lemma, 2018). The possible reason for the highest biomass of copepod may be their raptorial 
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feeding habits on algae, microbes, detritus, and smaller zooplankton (Fernando et al., 1990; 

Scheffer, 1998; Saiz et al., 2007; Sanful, 2008), efficient in testing quality food (Gliwicz, 2004 ), 

tolerance for anoxic condition (Tadesse Fetahi et al., 2011a) and high recruitment rates (Lewis, 

1979; Saunders and Lewis, 1988). Out of the total biomass, copepods accounted for 97 % of the 

biomass and of this biomass, 71.1 % was contributed by calanoids (28.1 % nauplii, 18.5 % 

Paradiaptomus, 13.8 % copepodites, and 10.7 % Metadiaptomus) while cyclopoids accounted 

for 28.9 % (17.7 % copepodites, 8.2 % Thermocyclops, 2.5 % nauplii and 0.5 % Mesocyclops). 

The larger body of the calanoids enables them to efficiently exploit the phytoplankton (Brooks 

and Dodson, 1965), out competent grazer in cyanobacteria dominated lake (Bouvy et al., 2000) 

and turbid lake (Lewis, 1979; Kirk, 1991). The lowest biomass of cladocerans might be related to 

filter-feeding habits in which the digestive apparatus may be clogged by large filamentous blue-

green algae and the turbidity of water (Kirk, 1991; Bouvy et al., 2000). Moreover, D. barbata is 

an important element in functioning as a feed for zooplanktivor fish as its large body exposed 

them to predation (Brooks and Dodson, 1965; Shapiro et al., 1975; Vijverberg et al., 2014). Even 

though the low biomass of rotifer is common, it may have resulted from the predation of the two 

carnivore zooplankton (Thermocyclopsand Mesocyclops) (Ayalew Wondie and Seyoum 

Mengistou, 2006). The RDA shows a strong correlation of rotifers biomass with the biomass of 

cyclopoids (Fig-20 in result section). The relationship of cyclopoids with rotifers indicated its 

high predation pressure on rotifer biomass, which is a well-established fact for several lakes 

(Tadesse Fetahi et al., 2011a; Ayalew Wondie and Seyoum Mengistou, 2014; Yirga Enawgaw 

and Brook Lemma, 2018). Similarly, besides the available food, the higher biomass of F. 

opoliensis might have resulted from lower predation pressure due to its relatively larger body 

size and large spiny structure (Brooks and Dodson, 1965). However, the biomass of Filinia and 

Keratrlla is comparable to Lobo-Broa Reservoir, Brazil (Rodríguez and Tundisi, 2002). 
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Table 15: The biomass(mg DW m-3) of rotifers, cladocerans, and  copepods of several 

tropical Lakes from various sources: (1) Present study, (2) (Ayalew Wondie and 

Seyoum Mengistou, 2014), (3) (Eshete Assefa and Seyoum Mengistou, 2011), (4) 

(Seyoum Mengestou and Fernando, 1991b), (5) (Adamneh Dagne, 2010), (6) (Yirga 

Enawgaw and Brook Lemma, 2018) and (7) (Sanful, 2008) 

Lakes 

Rotifer 

(%) 

Cladoceran 

(%) 

Copepod 

(%) 

Total 

(annual) Reference 

Legedadi 0.1 (1) 0.4 (2) 21 (97) 21.5 (8872.1) 1 

Tana 3.1(7) 7.5 (17) 34.4 (76) 45 2 

Kuriftu  0.63 (0.9)  23.8 (99.1) 24 3 

Hawassa - 15 36.93 44.85 4 

Ziway 3.1 (3.4) 9.4 (10.3) 78.3 (86) 91 5 

Small Abaya 13.67 -10.9 (6) 46.76 -51.35 (20) 170 -102 (74) 198 6 

Bosumtwi (negligible) (2) (98) (11,190) 7 

 

Like most shallow and small tropical lakes, the reservoir didn’t show a significant difference of 

(p > 0.05) zooplankton biomass along with the sampling sites. The temporal zooplankton 

biomass variation showed clear bimodal seasonal fluctuations in the same trends of abundance 

(Fig-17 in result section). The peak was in May and the rainy season August. The large biomass 

of zooplankton in the rainy season was in accordance with other tropical lakes (Seyoum 

Mengestou and Fernando, 1991b; Sanful, 2008). A large portion of the peak may comprise 

cyclopoids which coincided with the high rotifer biomass that functions as a food supply for 

copepods (Scheffer, 1998; Saiz et al., 2007).  

The value of ZB:Chl-a ratio of Legedadi Reservoir is within the range of predictor for grazing 

pressure in tropical reservoirs (Hart 2011). A closer value of ZB to Chl-a ratio was recorded in 

four South African minerally turbid reservoirs (Hart 2011). Accordingly, the magnitude of 

ZB:Chl-a ratio of Legedadi Reservoir indicated that zooplankton biomass is capable of 

controlling phytoplankton biomass in the reservoir. Similarly, the log biomass of zooplankton 

and Chl-a relationship (Fig-16 in result section) indicate the grazing pressure of zooplankton on 
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the algal biomass. However, zooplankton were not successful in controlling algal bloom 

observed in Legedadi Reservoir which might be mainly due to the dominance of ungrazeable 

blue-green algae. Moreover, the increment of zooplankton biomass with the phytoplankton may 

be due to the shifting of the zooplankton diet to other alternative foods like the microbial loop, 

small zooplankton, or detritus (Saiz et al., 2007).  

Several studies indicate that seasonal variation of zooplankton biomass could be triggered by 

quality and quantity of available food, salinity, temperature, turbidity, inorganic nutrients, water 

transparency, water mixing, and predation (Burgis, 1969; Shapiro and Wright, 1984; Green and 

Seyoum Mengestou 1991; Seyoum Mengestou and Fernando, 1991b; Ayalew Wondie and 

Seyoum Mengistou, 2006; Saiz et al., 2007; Adamneh Dagne, 2010; Yirga Enawgaw and Brook 

Lemma, 2018). The RDA analysis of the present study (Fig-20 in result section) revealed that all 

zooplankton, except adult cyclopoids, were negatively correlated with major nutrients and Chl-a 

which indicate the grazing efficiency of the herbivore zooplankton (Scheffer, 1998; Saiz et al., 

2007). This relationship of herbivore was reported in Lake Hayq (Tadesse Fetahi et al., 2011a) 

and Lake Small Abaya (Yirga Enawgaw and Brook Lemma, 2018). Moreover, the analysis 

shows that the presence of positive relation between cyclopoids and turbidity as reported by 

Ayalew Wondie and Seyoum Mengistou (2014). Furthermore, cyclopoid species have a relation 

with organic matter, Chl-a, and rotifers, which indicate the versatile feeding mode of cyclopoids 

on phytoplankton, small-bodied invertebrate, microbes and detritus (Ayalew Wondie and 

Seyoum Mengistou, 2006). Cyclopoids are reported to feed on Microcystis and nauplii in Lake 

George, Uganda (Burgis, 1969). Generally, the analysis also indicated the relation of 

zooplankton biomass with temperature and food as these parameters are fundamental for 

developmental time and size of zooplankton (Edmondson and Vinberg, 1971; Downing and 

Rigler, 1984). 
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7. CONCLUSION AND RECOMMENDATION 

7.1. Conclusion 

Legedadi reservoir is found to be a highly nutrient-rich dam with high values of physico-

chemical parameters. The finding of the study revealed that the reservoir is warm, less 

oxygenated, and fresh with shallow Secchi depth, however, it has high values of algal nutrient, 

alkalinity, and turbidity. The reservoir is the most turbid water relative to other reservoirs and 

lakes. All this indicates that the deterioration is mainly related to the haphazard increase of 

human population that has resulted in intensive human activities- agricultural activities, washing 

clothes, settlements, quarrying for building stones, and high industrial activity- near the reservoir 

and its catchment area. However, the physico-chemical parameters of the reservoir are below the 

standard of WHO for drinking water supply.  

The phytoplankton community of the reservoir is highly dominated by filamentous and colonial 

blue-green algae. The remarkably high dominance of these algae is attributable to the turbidity of 

the reservoir that disadvantages others. The blue-green algae are responsible for the algal bloom 

frequently observed in the reservoir.  

The zooplankton community of the reservoir is highly diversified with considerable diversity in 

the Rotifera. The Cladoceran community is represented by a single species Daphnia barbata in 

the reservoir. Copepods are the most abundant zooplankton in the ecosystem while D. barbata is 

less abundant. Although the size of zooplankton in the reservoir is typically tropical, it is lower 

in size relative to other Ethiopian water bodies, except D. barbata. As a result of the low 

abundance and body size, the reservoir has low zooplankton biomass. The ZB:Chl-a ratio is 4.3 

indicating that zooplankton biomass is capable of controlling phytoplankton biomass in the 

reservoir. The biomass of phytoplankton is low, however, it is dominated by ungrazeable larger 

blue-green algae that might be unfiltered and under estimated the phytoplankton biomass. 

Therefore, zooplankton is not a promising way of controlling excessive algal growth in the 

reservoir. 
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7.2. Recommendations 

The study laid the baseline for the zooplankton community structure of the reservoir along with 

the physical and chemical nature of the reservoir. As the study was conducted to look over 

alternative solution for algal bloom frequently observed in the reservoir, it has come up with the 

following recommendation: 

I. Controlling mechanism of bloom 

Zooplankton couldn’t be successful in the biomanipulation to control the algal bloom frequently 

observed in the reservoir. Therefore, AAWSA should work in searching for other 

biomanipulation options (such as fish grazers). 

II. Improving the water quality  

As the main reason for the blooming of blue-green algae, the water quality especially the high 

nutrient load and turbidity of the reservoir should be improved with the following 

recommendation; 

1. Development and implementation of environmental impact assessment (EIA) 

As the catchment area is near Addis Ababa (about 25 km far), there are a lot of projects as a 

result of urban development. One of such activities is real estate construction (Ropack and 

CDC), a large number of modernizer private housing due to the large number of settlement 

which needs quarrying for building stones and followed by dumping the soil to the bank of 

rivers. Furthermore, there are several activities in planting industries as it is the geographically 

strategic area like NAS food factory, METEC engineering industry, large scale garage, etc. The 

waste of these factories makes the way directly towards the reservoir. The concerned bodies 

should have to develop and implement a master plan and EIA for such activities. The document 

of AAWSA (2012) indicates the plan of AAWSA to construct six micro dams in Legedadi 

catchment which needs an extensive survey of EIA.   

2.  Development of Buffer zone 

The reservoir lack land cover with intensive farmland surrounding the reservoir. The 

establishment of the buffer zone may help in trapping the nutrients inflow to the reservoir. 

Developing vegetation cover with a high capacity of trapping nutrients, clay, and sediment and 

with minimum litter production is important in prolongation of the life span of the reservoir.  
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Therefore, development activities should be curtailed 50m away from the reservoir according to 

the recent proclamation. 

3. Responsibility of AAWSA in the management 

As the manager of the reservoir, AAWSA should be able to:  

 Use the algicides in a proportionate and studied manner.  

 Implementation of micro dams as soon as possible may help in trapping nutrients, silt, 

and clay and reduced the sedimentation rate of the main dam. 

III. Research gaps and further investigations needed  

 Annual-based limnological (physical, chemical, and biological) features of reservoir 

investigation.  

 Intensive work on the ecology of zooplankton in consideration of feeding habits, their 

diet, and grazing capacity and rate in the reservoir. 

 The impact of predation on the zooplankton community of the reservoir  

 Ecology of the fish community in the reservoir with a view of their impact of grazing on 

planktonic community and cycling of nutrients.  

 Investigate for possible fish grazers of large blue-green algae in the reservoir 
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APPENDIX –1: Mean values of all triplicate physico-chemical parameters of Legedadi reservoir along all sampling station and 

periods in 2017. 

 

Site Date 

Ammonia 

(NH3) 

(mg/L)   

Nitrite 

(NO2) 

(mg/L)   

Nitrate 

(NO3) 

(mg/L)   

SRP 

(PO4) 

(mg/L)   

Sulphate 

(SO4) 

(mg/L)  

Silicate 

(SiO3) 

(mg/L)  

 

TDS 

(mg/L)   

 

TSS 

(mg/L)   

Organic 

matter 

(mg/L)   

 

Salinity 

(‰) 

Alkalinity 

(mg/L  

CaCO3) 

Bolo 

May 0.867 0.001 0.247 0.643 9.3 18.3 64.7 319.0 31.16 0.1 61.2 

June 0.530 0.003 0.173 0.130 3.3 14.3 90.0 290.3 32.7 0.1 62.9 

July 0.440 0.007 0.235 0.113 3.0 11.0 186.3 591.0 65.0 0.1 26.4 

August 0.450 0.003 0.060 0.183 1.0 8.7 93.0 238.7 26.7 0.1 54.1 

Sept 0.417 0.006 0.123 0.097 0.0 11.3 229.5 174.5 26.5 0.07 50.3 

Oct 0.400 0.012 0.137 0.097 0.0 10.7 194.3 237.3 42.3 0.10 46.8 

Center 

May 0.503 0.005 0.267 0.280 1.7 16.0 105.0 213.5 26.8 0.1 47.6 

June 0.447 0.008 0.140 0.073 1.7 14.3 132.7 271.0 35.7 0.1 62.1 

July 0.477 0.006 0.223 0.150 2.7 10.7 302.0 614.5 41.5 0.1 25.4 

August 0.230 0.004 0.150 0.153 1.0 11.3 758.3 308.7 34.7 0.1 44.1 

Sept 0.440 0.005 0.127 0.103 0.0 9.0 229.3 330.3 45.3 0.0 42.9 

Oct 0.487 0.006 0.157 0.157 0.3 10.3 258.0 256.0 50.7 0.1 41.0 

Dam 

May 0.603 0.003 0.227 0.183 3.7 16.3 898.7 454.0 26.3 0.1 49.3 

June 0.393 0.007 0.167 0.080 19.0 16.3 106.3 251.7 33.3 0.1 58.7 

July 0.507 0.006 0.117 0.180 4.0 10.0 172.3 844.3 73.0 0.1 31.0 

August 0.223 0.005 0.110 0.157 2.3 7.0 293.7 418.3 34.7 0.1 40.0 

Sept 0.503 0.003 0.217 0.100 1.0 8.3 89.0 340.0 39.0 0.0 40.7 

Oct 0.483 0.003 0.167 0.170 0.3 9.0 319.7 260.7 43.6 0.03 39.8 



   

 

Site Date 
Turbidity 

(NTU) 

Chl-a  

(µg/L) 

DO 

(mg/L) 

Temperature 

(0C) 

% Satu 

DO 

Cond. 

(K25) 

(µS/cm) 

Total 

cation 

(meq/L) 

Zsd 

(m) 

Zeu 

(m) 
pH (Range) 

Bolo 

May 440 9.90 5.86 21.2 89.2 31.3 0.45 0.095 0.29 8.51 - 8.54 

June 332.0 4.95 5.81 20.4 86.3 33.7 0.48 0.115 0.35 8.41 - 8.42 

July 764.7 1.83 6.25 18.7 89.2 30.0 0.44 0.090 0.27 8.25 - 8.31 

Augest 390.3 3.67 6.23 18.6 86.9 30.0 0.44 0.090 0.27 8.41 - 8.93 

Sept 243.3 2.93 5.95 19.1 85.2 30.1 0.44 0.095 0.29 8.37 - 8.43 

Oct 362.0 6.97 5.85 18.1 83.4 30.6 0.44 0.135 0.41 7.88 - 8.74 

Center 

May 445 9.53 6.40 20.0 93.3 31.7 0.46 0.120 0.36 8.39 - 8.62 

June 356.0 4.95 5.76 19.5 84.3 33.6 0.48 0.115 0.35 8.19 - 8.41 

July 815.3 4.40 6.23 19.1 88.2 29.1 0.43 0.070 0.21 7.95 - 8.07 

Augest 467.3 1.83 5.17 18.5 72.9 29.2 0.43 0.065 0.20 7.03 - 8.35 

Sept 417.3 1.47 6.17 17.9 88.7 26.0 0.38 0.085 0.26 7.47 - 8.43 

Oct 374.0 10.45 5.99 17.6 85.4 28.0 0.41 0.085 0.26 7.63 - 7.83 

Dam 

May 445 9.53 6.46 20.0 95.1 31.6 0.46 0.120 0.36 6.44 - 8.5 

June 333.0 1.10 5.86 19.0 84.5 33.6 0.48 0.135 0.41 8.23 - 8.48 

July 921.7 1.47 5.97 18.2 84.6 31.0 0.45 0.080 0.24 7.61 - 7.97 

Augest 567.7 1.83 4.30 17.4 60.1 29.4 0.43 0.055 0.17 7.98 - 8.89 

Sept 397.3 2.20 6.00 19.2 86.0 25.3 0.37 0.065 0.20 7.59 - 8.99 

Oct 390.7 11.37 6.48 18.7 93.4 27.0 0.40 0.140 0.42 7.61 - 7.98 



   

 

APPENDIX –2:  Spatial and temporal distribution of density (Ind m-3) of different rotifer species in Legedad reservoir in 2017. 

Site Time 
Filinia 

opoliensis 

Filinia 

pejileri 

Filinia 

terminalis 

Keratella 

tropica 

Brachionus 

sp. 

Trochosphaera 

solititials 

Polyarthra 

remata 

Hexarthra 

intermedia 

brasiliensis 

Anuraeopsis 

fissa 

Asplanc-

hina 

predonta 

Asplanchina 

senodol 

Bolo 

May 8153 1019 510 1529 11720 1019 3057 2038 1529 2548 5605 

June 981 140 420 3083 0 0 841 140 561 0 140 

July 917 0 0 8713 4127 459 2293 917 4586 4127 0 

Aug 218 0 0 5882 0 0 1525 0 871 1525 0 

Sept 0 0 0 611 0 0 306 0 0 0 0 

Oct 611 0 0 2446 0 0 153 0 153 153 0 

Center 

May 3142 368 283 1783 1189 198 793 340 142 57 57 

June 1032 38 0 1643 459 268 38 764 76 229 0 

July 1952 120 240 961 90 0 631 360 120 90 90 

Aug 822 0 0 1150 0 0 0 0 0 329 0 

Sept 66 0 33 360 0 0 360 0 0 0 0 

Oct 835 0 49 983 49 0 197 197 49 197 0 

Dam 

May 18153 1338 1529 8854 1338 1083 8726 1146 510 828 4395 

June 149 75 56 131 878 168 37 75 112 56 37 

July 597 204 247 874 29 44 641 15 73 29 0 

Aug 688 0 0 7739 344 0 0 172 0 172 0 

Sept 66 0 0 265 33 0 563 0 0 0 0 

Oct 2918 99 74 2052 25 49 668 321 0 396 0 



   

 

Site Time 
Asplanchina 

senodol 

Euchlanis 

sp 

Reticula 

sp 

Epiphanes 

senta    

Testudinella 

sp     

Trichocerca 

flagellata 

Trichocerca 

tropis 

Brachionus 

calyciflours 

Lecane 

clostero-

cerca 

Lecane 

luna 

Anuraeopsis 

sp 

Bolo 

May 5605 2038 0 0 4076 0 0 0 0 0 0 

June 140 140 280 0 420 0 0 0 0 0 0 

July 0 2293 459 0 5503 0 459 2293 0 0 0 

Aug 0 3921 0 218 1525 0 218 0 1743 871 20912 

Sept 0 0 0 0 0 0 0 0 0 0 0 

Oct 0 306 306 0 0 0 153 0 611 153 0 

Cente

r 

May 57 226  28 0 0 0 0 0 0 0 

June 0 229 76 0 153 0 0 0 0 0 0 

July 90 30 90 0 0 60 0 30 0 0 0 

Aug 0 164  0 0 0 0 0 0 0 0 

Sept 0 0 0 0 0 0 0 0 0 33 0 

Oct 0 98 98 0 0 0 0 0 0 49 0 

Dam 

May 4395 318 255 0 0 0 0 0 0 0 0 

June 37 112 19 0 0 19 0 0 0 0 0 

July 0 160 44 0 29 0 0 0 15 0 0 

Aug 0 172 172 172 1032 0 0 0 172 0 0 

Sept 0 0 0 0 0 0 0 0 0 0 0 

Oct 0 99 25 0 99 0 0 0 49 49 0 

 



   

 

APPENDIX –3: Spatial and temporal distribution of density (Ind m-3) of different Cladoceran and copepod species in Legedadi reservoir in 2017 

Site Time 
Daphnia 

barbata 

Meso 

cyclops 

Male 

Meso 

cyclops 

Female 

Meso 

cyclops  

Total 

Thermo-

cyclops 

Male 

Thermo-

cyclops 

Female 

Thermo-

cyclops   

Total 

Para-

diaptomus 

Male 

Para-

diaptomus 

Female 

Para-

diaptomus  

Total 

Bolo 

May 0 0 510 510 0 0 0 0 0 0 

June 0 0 0 0 0 0 0 0 0 0 

July 0 0 0 0 0 0 0 2293 459 2752 

Aug 218 0 0 0 218 0 218 218 218 436 

Sept 153 0 0 0 0 153 153 0 0 0 

Oct 0 0 0 0 0 0 0 611 153 764 

Center 

May 142 0 0 0 28 0 28 0 57 57 

June 76 38 38 76 0 0 0 0 0 0 

July 90 120 120 240 30 30 60 120 0 120 

Aug 493 0 0 0 164 164 329 164 0 164 

Sept 33 0 0 0 0 33 33 0 0 0 

Oct 147 0 0 0 0 0 0 49 49 98 

Dam 

May 191 64 382 446 64 64 127 0 64 64 

June 19 0 19 19 0 0 0 0 0 0 

July 29 44 29 73 15 15 29 0 0 0 

Aug 516 0 0 0 172 344 516 0 0 0 

Sept 0 0 0 0 0 0 0 0 0 0 

Oct 0 25 0 25 49 49 99 0 0 0 



   

 

Site Time 

Meta 

diaptomus 

Male 

Meta 

diaptomus 

Female 

Meta 

diaptomus  

Total 

Calanoid 

nauplii 

Calanoid 

copepodite 

Cyclopoid 

nauplii 

Cyclopoid 

copepodite 

Bolo 

May 0 0 0 2548 510 8153 4076 

June 561 140 701 2522 1541 3783 561 

July 1376 917 2293 65121 5962 7338 0 

Augest 218 436 654 37903 8931 11981 0 

Sept 0 0 0 1987 459 764 306 

Oct 0 0 0 611 153 1376 611 

Center 

May 57  57 878 396 651 226 

June 153 115 268 573 306 1070 306 

July 0 0 0 931 120 901 841 

Augest 164 164 329 4108 329 8710 3944 

Sept 0 33 33 0 0 360 98 

Oct 0 0 0 1081 49 1327 295 

Dam 

May 127 382 510 4268 1592 5096 955 

June 0 0 0 149 0 187 131 

July 0 0 0 437 0 2373 1048 

Augest 172 172 344 6363 688 15822 7395 

Sept 66 33 99 563 397 33 33 

Oct 49 0 49 2992 890 1830 445 

 



   

 

APPENDIX - 4: Spatial and temporal variation in biomass of different groups of zooplankton in 2017. CN- Calanoid nauplii, CC-

Calanoid copepodite, CYN- Cyclopoid nauplii and CYC- Cyclopoid copepodite. 

Site Time 
Filinia 

opoliensis 

Keratella 

tropica 

Brachionus 

sp 

Polyarthra 

remata 

Daphnia 

barbata 

Meso 

cyclops 

Thermo 

cyclops 

Para 

diaptomus 

Meta 

diaptomus 
CN CC CYN CYC 

BS 

May 0.31 0.03 0.02 0.03 0.00 0.62 0.00 0.00 0.00 1.90 0.05 5.38 65.00 

June 0.04 0.04 0.00 0.00 0.00 0.00 0.00 0.00 3.56 2.03 1.47 2.87 0.07 

July 0.06 0.15 0.03 0.03 0.00 0.00 0.00 20.74 13.15 52.28 1.94 5.83 0.00 

Aug 0.01 0.08 0.00 0.02 2.63 0.00 5.10 26.17 8.37 32.29 3.21 9.82 0.00 

Sept 0.00 0.01 0.00 0.00 0.16 0.00 1.34 0.00 0.00 1.52 0.34 0.49 0.01 

Oct 0.03 0.04 0.00 0.00 0.00 0.00 0.00 5.33 0.00 0.44 0.18 1.01 0.05 

CS 

May 0.12 0.03 0.00 0.01 0.53 0.00 0.00 0.75 0.42 0.69 0.12 0.48 0.01 

June 0.04 0.02 0.00 0.00 0.33 0.11 0.00 0.00 1.47 0.42 0.16 0.75 0.01 

July 0.08 0.01 0.00 0.01 0.07 0.37 0.83 0.63 0.00 0.72 0.07 0.63 0.10 

Aug 0.05 0.02 0.00 0.00 0.99 0.00 5.89 14.38 2.23 3.18 0.18 6.22 0.51 

Sept 0.00 0.00 0.00 0.00 0.02 0.00 0.32 0.00 0.64 0.00 0.00 0.26 0.00 

Oct 0.04 0.01 0.00 0.00 0.27 0.00 0.00 0.93 0.00 0.84 0.00 0.93 0.00 

DS 

May 0.85 0.13 0.00 0.07 0.71 0.75 1.96 0.84 5.38 3.85 0.60 3.77 0.09 

June 0.01 0.00 0.00 0.00 0.17 0.03 0.00 0.00 0.00 0.08 0.00 0.13 0.01 

July 0.02 0.01 0.00 0.00 0.09 0.13 0.23 0.00 0.00 0.16 0.00 1.59 0.11 

Aug 0.03 0.10 0.00 0.00 1.33 0.00 13.87 0.00 3.73 2.79 0.63 10.67 0.85 

Sept 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.09 0.49 0.10 0.02 0.00 

Oct 0.11 0.03 0.00 0.01 0.00 0.03 1.39 0.00 0.33 2.49 0.27 1.26 0.03 



   

 

APPENDIX - 5: The picture of crustacean zooplankton during the identification of the species 

 

     M. colonialis (Female)           M. colonialis (Male)             P. falcifera (Male)             P. falcifera (Ovigerous female)  

 

         Calanoid copepodite          Cyclopoid copepodite          T. ethiopiansis (Ovigerous)       M. aequatorialis (Ovigerous) 

 

                 D. barbata                                 Ovigerous D. barbata                        Calanoid nauplii           Cyclopoid nauplii 



   

 

APPENDIX - 6: The picture of dominant rotifers during the identification of the species.  

 

        F.opoliensis                  K. tropica                   Brachionus sp          P. remata 

 

            F. pejileri               H. intermedia              L. closterocerca              L. luna 

 

        F. terminalis           Asplanchina sp.                  B. calyciflours                                                          Collective rotifer in the sample  
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