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Abstract 

Fishery and aquaculture development along with sustainable use of natural resources play significant 

role in alleviating the problems of nutritional insecurity and environmental degradation in Ethiopia. The 

ecological status of Ethiopian Rift Valley lakes; which provide substantial economic, environmental and 

social benefits across diverse ecological settings; and the potential of the Nile tilapia, Oreochromis 

niloticus (L. 1758) populations in aquaculture development were not comprehensively studied. This 

study was thus undertaken to assess the current and past physico-chemical conditions of Lakes Chamo, 

Koka and Ziway, phenotypic and reproductive characters of O. niloticus populations of the lakes, and 

potential of the fish populations for aquaculture development. Field, laboratory and experimental data 

were obtained using standard methods over a period of three years, and analyzed using various 

computations, and compared against previous records and standards. The study demonstrated that water 

physico-chemical parameters varied significantly between seasons, and within and between the lakes. 

The findings have shown that some of the parameters were higher than previously reported levels. 

Anthropogenic associated factors including water turbidity, soluble reactive phosphorus, and nitrate-N 

concentrations varied among the lakes and across seasons. Invasion of water hyacinth and wetland 

vegetation cover also varied considerably across the lakes. Phenotypic and reproductive characters, and 

response to elevated fry rearing temperature of the three O. niloticus populations from the three lakes 

were also investigated. There were significant differences (p ≤ 0.05) in most of the morphometric 

character indices, meristic counts, mean length and weight, Fulton's condition factor, length at first 

sexual maturity (L50), absolute fecundity, peak breeding seasons and response to heat treatment among 

the three O. niloticus populations. The current values of some of the parameters, like L50, decreased 

from previous reports, indicating urgent need for implementation of proper fishery management. 

Possessing desired phenotypic and reproductive qualities in aquaculture, populations of Chamo followed 

by Koka appear to be potentials for further genetic improvement. Further research is required to 

investigate whether the fish populations could maintain those characters in pond cultures. To improve 

sex reversal efficiency by heat treatment, sensitive individuals can be selected and their degree of 

sensitivity can be improved through continuous selection of progenies from temperature sensitive 

parents. Generally, there is an urgent need for proper agricultural practices, proper municipal and 

industrial waste management practices, protection of wetland vegetation and delimitation of the lakes' 

buffer zones to sustain the services of the lakes.  

Key words: Aquaculture, heat treatment, Lake Chamo,  meristic, sex reversal, water hyacinth. 
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Chapter One 

----------------------------------------------------------------------------------------------------------- 

1. Background 

1.1 Fisheries and Aquaculture in Ethiopia  

1.1.1 Fisheries development in Ethiopia 

Ethiopia being one of the fastest growing economies, is a large country in East Africa with about 120 

million people, where food insecurity continued to be a problem for the population (Haan et al., 2006; 

Addisu Awoke et al., 2019; Teshager Assefa, 2020). Though agriculture is a backbone of the country’s 

economy with about 80% of the population involved in the business, productivity of the traditional 

farming is poor at farmers’ levels leading to food self-insufficiency. Productivity and sustainability of 

traditional rain fed agriculture at small scale farmers level has been challenged by recurrent drought in 

some parts of Ethiopia, affecting the food and nutritional security goal of the country. Currently, 

nutritional insecurity of the population has become a concern in many regions of the country. Therefore, 

increasing productivity of the farms, sustaining the natural resources and diversifying farm products are 

better approaches to alleviate the nutritional insecurity problems. Accordingly, development of fishery 

and aquaculture, especially fish culture, are among the potential and applicable approaches to achieve 

the nutritional security at household level in potential areas of the country.  

Fish are highly diversified aquatic species that provide food to the world population in the first rank with 

total annual production of 171 million metric tonnes in 2016; 88% of which were utilized for direct 

human consumption. The average annual increase in global apparent food fish consumption was 3.2%, 

outpaced population growth (1.6%) and exceeded consumption of meat from all terrestrial animals 

except 4.9% record for the poultry (FAO, 2018). Fish has been leading in the production of all animal 

protein sources followed by pig meat (112.3 million MT), poultry (109.0 million MT), beef & buffalo 

(68.0 million Mt) and Sheep & goat (14.1 million MT) in 2013 (Ritchie and Roser, 2018). However, the 

contribution of fish as food in Ethiopia remained insignificant.   

On the other hand, the demand for fish and its price at the local market is dramatically increasing in the 

country, following the increase in beef price and the rise in fish eating culture of the society. The per 

capita fish consumption of Ethiopia increased slowly from about 200 g (Gordon et al., 2007) to about 
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250 g as estimated from a report of the Ministry of Agriculture (2012/13). Fish usually comes from 

capture fisheries while aquaculture is an alternative way of quality fish supply to fill a demand-supply 

gap and substitute the stagnating or declining fish supply from the wild. The fish production in Ethiopia 

was still below 0.5 kg fish production per person per year in 2015 while the world’s per capita fish 

consumption was about 20.2 kg in 2015 at an average increasing rate of 1.5 percent per year (FAO, 

2018).  

According to several sources, the current fish catch compares with the previous fish potential estimate of 

the country, which is in the order of 45,000–51,500 tonnes per year. This exploitation rate is nearly the 

country's potential mainly from the natural lakes and major reservoirs whereby some of the lakes are 

showing signs of over exploitation (Vijverberg et al., 2012). However, the construction of new 

reservoirs, under-exploited riverine fisheries and aquaculture are some of the development prospects of 

fish production in the country and the recent fish potential estimate from empirical models is about 

94,500 tonnes per year (Gashaw Tesfaye and Wolff, 2014); which's contribution is still insignificant 

(below 1 kg percapita fish production) for the over 120 million Ethiopian population. The water bodies 

supporting fish production in the country also support the existence of aquatic and terrestrial animals 

and plants, balancing the ecosystem functions. However, the quality and quantity of the water and their 

functions are declining because of the increased human pressure related to improper land use system, 

improper waste disposal, uneconomical water use for municipal and irrigation, climate change and other 

industrial activities in the catchment (Brook Lemma and Hayal Desta, 2016). Some of the Rift Valley 

lakes such as Koka and Hawassa have been contaminated with effluents from their catchments and 

heavy metals found in water and in tissues of fishes (Dsikowitzky et al., 2012). Proper management 

plans are required to sustain/restore the environments of the water bodies in general and the fishery 

sector in particular. On the other hand, development of aquaculture in the country potentially reduces the 

pressure on capture fisheries and also fulfils the fish demand supply gap. 

1.1.2 Aquaculture development in Ethiopia 

Aquaculture is the farming of aquatic organisms including finfish, mollusks, crustaceans and aquatic 

plants in a controlled environment. Global aquaculture production was 110.2 million tonnes in 2016, of 

which food fish constituted 80.0 million ($231.6 billion USD), aquatic plants 30.1 million tonnes (USD 

$11.7 billion) and non food products 37,900 tonnes ($214.6 million USD) (FAO, 2018). Aquaculture 
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has grown at annual growth rate of 5.8 percent during 2001 to 2016 which was faster than other food 

production sectors (FAO, 2018). 

Aquaculture is a new technique in Ethiopia that started a few decades ago. Its expansion in a given area 

is determined by a large number of factors. Considering fish culture in land based ponds, these factors 

include water availability and quality, topography and soil texture, land use and cover, temperature and 

economic parameters. According to the study by FAO sub-regional Office for Eastern Africa (FAO 

SFE) (Rothuis et al., 2012), based on GIS assisted modeling, about 15,158 km
2
 is highly suitable while 

871,731 km
2
 land area of Ethiopia is moderately suitable for O. niloticus pond culture. However, the 

aquaculture activities haven’t yet developed in Ethiopia as intended because of several reasons. Lack of 

awareness, knowledge and skill among aquaculture farmers and fish users, lack of fish seed sources and 

fish feeds, and shortage of skilled manpower in the extension services are among the major bottlenecks 

in aquaculture development. Bureaucratic procedure for investment permission was also a bottleneck for 

the development of aquaculture investment in the region. 

1.1.3 Importance of O. niloticus in fisheries and aquaculture of Ethiopia 

Among the freshwater fish in Ethiopia, O. niloticus is indigenous and popular in the country's fishery 

production. The fish is cultured worldwide and currently ranked second only to carps in global farmed 

food fish (Ridha, 2006). The appropriateness of O. niloticus in aquaculture is attributed to its adaptation 

to wide range of environmental conditions, rapid growth rate, easy and rapid propagation, and tolerance 

to stress in handling (Getinet Gebretsadik and Bart, 2007). However, the efficiency of reproduction in O. 

niloticus has paradoxical consequences. It allows easy and rapid propagation of the fish in various 

environmental conditions. In contrary, within a limited environment, uncontrolled multiplication of the 

fish not only reduces the faunal diversity of the system but also produces stunted fish population of poor 

market value (Hepher and Pruginin, 1981; Coleman, 2001). Moreover, in mixed sex culture, growth rate 

of female O. niloticus are slower than their male counterpart whereby the weight of male O. niloticus at 

harvest is twice as big as its female batches in mixed sex population grown in pond culture (Megerssa 

Endebu et al., 2016).  

The aquaculture activity in Ethiopia mainly involves pond culture of O. niloticus which has been 

challenged by poor fish growth performance. Productivity of the O. niloticus in pond culture was limited 

because of a number of problems among which over population and undersized fish in the ponds as a 
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result of unwanted reproduction which causes competition for space, food and oxygen is well noted. In 

order to alleviate the overpopulation problem of O. niloticus in pond culture, predatory control of the 

unwanted recruitment by introducing predatory fish such as Clarias gariepinus has been practiced in 

Ethiopia (Megerssa Endebu et al., 2016). However, the efficiency of predatory control, the availability 

of predator fish and the slower growth rate of female O. niloticus are some of the problems related to 

predatory control of unwanted population in mixed sex culture. Use of male mono-sex is practiced in 

commercial production of O. niloticus worldwide.  

1.2 Biology of O. niloticus 

In taxonomy, O. niloticus is one of the hundred species of cichlid fishes under the former genus Tilapia. 

Recently some of the tilapia was moved into a few other genera, notably Oreochromis, Sarotherodon 

and Coptodon (Dunz and Schliewen, 2013). Tilapias are mainly freshwater fish that inhabit shallow 

stream, ponds, rivers and lakes, and sometimes live in brackish water. The tilapia fish has been 

introduced to many tropical countries in the world (Pullin et al., 1997), mostly for aquaculture, 

augmentation of capture fisheries and sport fishing because of its wide range of trophic and ecological 

adaptations (Welcomme, 1988).  

Distribution wise, O. niloticus is an African freshwater fish with broad natural distribution from Nile 

River Basin; the south-western Middle East; the Niger, Benue, Volta and Senegal Rivers, and Chad, 

Tanganyika, Albert, Edward, Kivu Lakes (Trewavas, 1983; Daget et al., 1991; Boyd, 2004). It is among 

the important food fish species both in capture fisheries and aquaculture production. A complex sub-

species structure of O. niloticus has been documented across different water bodies in Africa. Based on 

the traditional taxonomic methods, seven sub-species of O. niloticus have been identified, of which six 

are distributed amongst the East African Rift Valley lakes (Trewavas, 1983). 

Genetic differentiation of O. niloticus has been observed in which three main groups: the Ethiopian Rift 

Valley populations, Nile drainage and Kenyan Rift Valley populations, and Sudano-Sahelian 

populations were identified based on molecular studies (Eknath and Hulata, 2009; Bezault et al., 2011). 

The genetic differentiation of the species at macro-geographic scale was mainly affected by the paleo-

geographic and climatic events, while the present-day river systems are influential on genetic 

connectivity and patterns of genetic structure at smaller geographic scales (Bezault et al., 2011). 



 

5 
 

The main morphological features of O. niloticus include laterally compressed body; cycloid scales; 

upper jaw length showing no sexual dimorphism; spiny and soft ray parts of dorsal fin continuous. The 

lower and upper lethal temperatures of O. niloticus are 11-12 °C and 42 °C respectively. The fish is an 

omnivorous grazer that feeds on phytoplankton, periphyton, aquatic plants, small invertebrates, benthic 

fauna, detritus and bacterial films associated with detritus and even other fish and fish eggs (Agumassie 

Tesfahun and Mathewos Temesgen, 2018). It can also filter feed suspended particles including bacteria 

and phytoplankton, on mucous in buccal cavity as additional source of nutrition.  

In pond culture, O. niloticus reaches its sexual maturity at age of 5-6 months when the temperature 

reaches 24 °C. The male establishes a territory, digs and guards a spawning nest in which a ripe female 

spawns during the breeding process. The ripe female releases its eggs into the nest while the male 

releases its milt (the male gametes) onto the eggs so as external fertilization takes place in water. After 

fertilization, the female collects the eggs in her mouth immediately and moves off. The female incubates 

the eggs in her mouth and broods the fry after hatching until the yolk sac is absorbed; it ceases to feed 

while brooding (Loiselle, 1985). The released fry may swim back to their mother's mouth in case of 

danger alarm. If the temperature doesn't limit, spawning can take place the whole year in ponds, which 

causes the production of unwanted fry in mixed sex culture. Because of this maternal mouth brooding, 

the number of eggs per spawn in O. niloticus is small in comparison to other pond fish (FAO, 2009).  

1.3 Production of male-mono-sex in tilapia culture 

Mono-sex culture of male tilapia has been popular for better growth performance and population 

control, and is considered at global standard of tilapia culture. Tilapia mono-sex culture can be achieved 

in different mechanisms. These include: 

Hybridization: Cross-breeding between O. niloticus female and Oreochromis aureus (blue tilapia) male 

or Oreochromis mossambicus (Mozambique tilapia), for example, results in all male population. 

However, the blue tilapia and the Mozambique tilapia are not found in Ethiopia to use the technology. 

The problems associated with this technology are therefore the risk of introducing exotic species, and 

maintaining different brood stocks. 

YY-super male technology: is another method to produce all-male tilapia populations. This technology 

takes multi step process and longer time to develop the YY-male tilapia. In the genetic sex 

determination, the O. niloticus are female homo-gametes (XX) and male heterogametes (XY). It 
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involves sex reversal steps by which genetically male O. niloticus is forced to change into phenotypic 

female (XY-female which is referred to as functional female) by feminization process through dietary 

hormone administration in the first step (Juarez-Juarez et al., 2017). The consequent generations are 

produced without hormone treatment, by mating functional female (sex reversed XY-female) with 

normal-XY male followed by screening YY-males through progeny sex ratio screening.  

Sex reversal: This involves enabling genetically female organism, possessing XX- sex chromosome in 

case of O. niloticus, to develop male sexual organs and biologically behave like a male or vice-versa. 

The mechanisms involve:  

 Hormone treatments: Hormone treatments are commonly used in some countries to 

reverse the sex of O. niloticus. Dietary supplementation of synthetic androgens, especially 

methyl testosterone is a widely practiced method for production of all-male tilapia population 

(Gale et al., 1999; Beardmore et al., 2001; Smith and Phelps, 2001; Juarez-Juarez et al., 

2017). However, the consumption of hormone treated organisms is forbidden in some 

countries.  

 Heat treatment: Heat treatment of O. niloticus fry can result in all males or male biased sex 

ratios. Elevating fry rearing temperature as a means of producing mono-sex tilapia has been 

tried in several laboratories (Abucay et al., 1999; Baroiller and D’Cotta, 2001; Misikire 

Tessema et al., 2006; Abou El-Fotoh et al., 2014). Temperature affects sexual differentiation 

of gonads of O. niloticus during the critical developmental period. When fries of O. niloticus 

at age of 9-13 days post fertilization are exposed to elevated water temperatures for 10 or 

more days, the proportion of males increases (Baroiller et al., 1995; Hendry et al. 2002; 

Abou El-Fotoh et al., 2014). In O. niloticus, liability of sex ratios to temperature treatment is 

heritable (Misikire Tessema et al. 2006). According to Misikire Tessema et al. (2006), 

proportion of males reared under the above condition can reach 100% in certain breeding 

pairs. The sex reversing efficiency of heat treatment in O. niloticus is affected by gene 

(Angienda et al., 2010). The researchers achieved 86% male in general and 95% male for O. 

niloticus carrying a genetic marker called Abur36. 

Other methods such as ploidy manipulation and rearing in cages are also applied for controlling 

overpopulation in O. niloticus cultures. 
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Environmental factors, mainly temperature and other factors such as density, pH and hypoxia affect the 

sex ratio of many fish species. The factors can either determine sex or influence sex differentiation on 

domestic stocks and field populations. According to Baroiller et al. (2009), genetic variability of 

thermo-sensitivity existed between populations and also between families within the same population of 

fish.  The above authors also identified the existence of XX-male tilapias from wild natural populations 

and the temperature sensitivity nature is heritable trait. In tilapia, both genetic sex determination and 

environmental sex determination exist. 

In Ethiopian Rift Valley case, water bodies such as Lakes Koka (in Awash Basin), Ziway and Chamo 

(both found in different drainage basins) are geographically isolated. The O. niloticus living in these 

geographically isolated water bodies are expected to develop wider genetic variation in order to adapt to 

their environments. Sex reversal of O. niloticus fry by heat treatment was attempted on populations of 

Lakes Hora and Ziway origin at 36 ± 1 
0
C whereby 77.6% and 80.3% males respectively were achieved 

(Megerssa Endebu et al., 2017), suggesting differences in heat treatment sensitivity between the two 

populations. 

Evaluation of population differences in the sex reversal efficiency of heat treatment helps in selecting 

the sensitive groups for its practical application in production of male O. niloticus fingerlings used in 

aquaculture. Along with their thermo-sensitivity trait, evaluation of their growth performance in culture 

conditions makes them desirable. 

Growth of O. niloticus in pond culture is a function of genetics and environment. Tilapias develop 

genetic diversity within a given population and also differ in their characteristics across the 

geographically isolated environments (Agnese et al., 1997; El-Zaeem, 2012). Hence, one of the aims of 

this study was to assess the culture merits of O. niloticus of Ethiopian Rift Valley lakes in order to use 

them in aquaculture production. 
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1.4 Drainage basins and distribution of O. niloticus in Ethiopia 

Ethiopian ecology and climatic condition is highly diversified mainly due to its topography which 

ranges from 125 m below sea level in Dallol depression to 4,620 m above sea level at the top of mount 

Ras Dashen. The land mass of Ethiopia is divided into Western and Southeastern highlands by the great 

East African Rift Valley which runs through Ethiopia diagonally from northeast to the southern border 

of the country. 

Because of the Ethiopia’s diverse topography, the river systems of the country drain to various 

directions. Accordingly, the river basins of the country are categorized into 12 drainage systems; the 

Abay, Awash, Baro-Akobo, Omo-Gibe, Rift valley, Tekeze, Wabi-Shebelle, Genale-Dawa, Ogaden, 

Denakil, Mereb-Gash and Ayisha River Basins (Figure 1).  

Of the 12 river basins, the major ones are eight and these include Abay (Blue Nile within the limit of 

Ethiopia), Baro-Akobo (White Nile Basin within the limit of Ethiopia) and Tekeze (joins Atbara River 

in Sudan); all the three basins drain the western landmass of Ethiopia towards the Nile River and 

ultimately end up into Mediterranean sea; while the Omo-Gibe Basin which also drains the western 

landmass of Ethiopia heads to south and joins Turkana Lake at Ethio-Kenya border; the Genale-Dawa 

and Wabi-Shebele River Basins drain the Southeastern landmass of Ethiopia towards Somalia lowland 

and ultimately end up into Indian Ocean; Rift valley lakes and Awash River Basin (together with the 

Danakil Depression) drain the escarpments of the valley and remain in the rift valley system (Figure 1).  

The Wabi-Shebele River Basin is the widest basin in Ethiopia covering an area of 202,220 km
2
 (Fraol 

Abebe et al., 2021) followed by the Abay Basin which covers an area of 199,812 km
2 

(Haileyesus Belay 

et al., 2020), Genale-Dawa Basin with 170,000 km
2
 drainage area and Awash River Basin with drainage 

area of 110,439 km
2
 (The World Bank, 2020). Many natural and artificial lakes of different sizes are 

distributed in these river basins of the country. The majority of the Ethiopian lakes are confined within 

the rift valley, a part of which can be divided into four systems: namely Lake Turkana, Chew Bahir, the 

Main Ethiopian Rift (MER), and the Afar depression (Tenalem Ayenew, 2009). 
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Figure 1. River basins of Ethiopia. (After OCHA, 2006). 

(1 = Abay (Blue Nile), 2 = Awash River, 3 = Omo-Gibe, 4 = Baro-Akobo, 5 = Genale-Dawa, 6 = Wabi-Shebelle, 

7 = Rift Valley lakes, 8 = Tekeze, 9 = Denakil depression, 10 = Ogaden, 11 = Ayisha, 12 = Mereb-Gash). 

The Ethiopian Grand Renaissance Dam (GERD), now under construction, with 1,874 km
2
 area and 74 

km
3
 volume capacity (IPoE, 2013) is found within Abay Basin. Several other reservoirs of hydro-

electric and sugarcane irrigation dams such as Didessa, Genale and many other smaller reservoirs are 

under construction and some of which are ready to be used in increasing the water resources of the 

country. 

Each of the water bodies in all the drainage basins harbors diverse fish species including endemic as 

well as exotic species. O. niloticus is found in all the Drainage Basins with water resources and 

constitute the major proportion of fish catch in many of the water bodies (Tenalem Ayenew, 2009; 

Tadlo Awoke et al., 2015; Abebe Getahun, 2017).  
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1.5 General description of the study areas 

The study areas cover three Ethiopian Rift Valley lakes: Chamo, Koka and Ziway within the Rift Valley 

Lakes Basin (Figure 2). These water bodies were selected for their significant contribution in the fish 

production where O. niloticus populations were targeted as these are candidate fish species in the 

development of aquaculture in Ethiopia. 

Lake Chamo is situated in Southern part of the Ethiopian Rift Valley lakes within the Abaya-Chamo 

drainage basin at 5°42' to 5°58' N Latitude and 37°27' to 37°38' E Longitude and an altitude of 1110 

m.a.s.l. The lake has a surface area of about 297 km
2
 (Alemayehu Hailemicael, 2011), maximum depth 

of 13 m, mean depth of 6 m (Seleshi Bekele et al., 2007) and recharged mainly by feeder rivers called 

Kulfo, Sago and Sile with no visible outlet; the lake has no visible outlet. Chamo has a watershed area of 

1,109 km
2
 (Fassil Teffera et al., 2018). The basin system is characterized by highly diversified fish 

fauna of about 21 species (Golubtsov and Radeat Habteselassie, 2010). 

Lake Koka is a man-made reservoir located at about 90 km Southeast of Addis Ababa, in Awash River 

Basin, between 8° 18ʹ to 8° 28ʹ N and 39° 0ʹ E to 39° 9ʹ E at an altitude of 1,590 m.a.s.l. It was 

constructed on Awash River in 1960 for the purpose of hydro-electric power generation. Upper Awash 

basin drains about 11,250 km
2
 area up to the inlet of Lake Koka. Lake Koka has a water-covered area of 

about 200 km
2
 (Mesfin Gebrehiwot et al., 2020) with a maximum and mean depth of 14 m and 9 m, 

respectively (LFDP, 1997). Lake Koka’s water level fluctuates from season to season ranging from very 

shallow depth during dry seasons as witnessed in May 2019 to the maximum capacity that results in 

overflows of the dam during rainy seasons that resulted in displacing the surrounding communities as 

witnessed in July to August 2020. It has two feeder rivers, Awash and Modjo Rivers from west. The 

Awash River continues flowing in East direction as outlet river after generating hydro electric power at 

the dam site. 

Lake Ziway (also known as Lake Danbal) is located in the Ethiopian Rift Valley between 7
0
 52’ to 8

0
 8’ 

N and 38
0
 40’ to 38

0 
56’ E at an altitude of 1636 m.a.s.l. with maximum length of 32 km and maximum 

width of 20 km (LFDP, 1997). It has a watershed area of 6,991 km
2
 (Abraham et al., 2018). The lake is 

the second largest lake in Ethiopian Rift Valley after Lake Abaya, having an area of 434 km
2
 and shore 

line length of 137 km. The lake is, however, the shallowest of the Rift Valley lakes with maximum and 

mean depth of 8.95 m and 2.5 m, respectively (LFDP, 1997). The lake has two feeder rivers, Meki River 

from Northwest and Katar River from East side, and has one outlet river in its southern part, the Bulbula 
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River, which seasonally flows into Abijata Lake. Lake Ziway is home to endemic and exotic fish species 

that are commercially important to various degrees. 

 

Figure 2. Location of lakes Chamo, Koka and Ziway in the Ethiopian Rift Valley (modified after 

Elizabeth Kebede et al., 1994). 
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1.6 Rationales, significance, research questions and objectives of the study 

Aquatic environments in the Ethiopian Rift Valley, like water bodies in other areas are liable to human 

induced factors and climatic changes. These factors cause nutrient loadings to the water bodies, 

changing water physico-chemical properties, composition and coverage of lake shore vegetation and 

status of invassive water hyacinth, all of which have impacts on sustainability of aquatic resources. 

Hence, the assessment of current physico-chemical status of the water bodies help in setting proper 

management measures to conserve the aquatic environments and their fishery resources. The phenotypic 

and reproductive characters of a fish species are governed by both genetic and environmental factors. 

The study of the parameters of O. niloticus populations of Chamo, Koka and Ziway lakes helps in 

understanding their characteristics in these isolated water bodies; the information used in conservation 

of the fish in their natural environments by detecting any change when happened, and identify the 

potential strains aquiring desired quality in aquaculture. Furthermore, this study addressed the response 

of the three fish populations to elevated fry rearing temperature and their growth performances under 

pond culture. This information will have important contribution in developing aquaculture strains of the 

fish species in Ethiopia.  

The researches on fisheries of O. niloticus in Ethiopia have focused mainly on species composition, 

length-weight relationship, condition factor, feed and feeding habits, breeding season and gear 

selectivity of the species in different water bodies (Gashaw Tesfaye and Zenebe Tadesse, 2008; Lemma 

Abera, 2012, 2013; Gashaw Tesfaye et al., 2016; Agumassie Tesfahun and Mathewos Temesgen, 2018; 

Assefa Tessema et al., 2019).  

However, phenotypic and reproductive characters of the fish especies, especially that of the popular and 

economically important O. niloticus (Yared Tigabu, 2010; Gashaw Tesfaye and Wolff, 2014) in terms of 

their in situ conservation and their potential use in aquaculture were not well studied. These 

characteristics are also influenced by ecological parameters of the environment that the current eological 

status of the study area were assessed. Moreover, O. niloticus is a candidate fish for aquaculture 

development in the country where screening of potential strains among the local populations is 

underway (Kassaye Balkew and Gjoen, 2012; Daba Tugie et al. 2017). The use of mono-sex male O. 

niloticus in commercial aquaculture is common and efficient worldwide for the reason that males 

usually grow faster and more uniform in size than females (Phelps and Popma 2000; Beardmore et al., 

2001; Bwanika et al., 2007). As a part of screening O. niloticus strains for aquaculture development, the 
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potential of the populations in reversing their sex by elevated fry rearing temperature treatment towards 

mono-sex male and the growth performance of the sex-reversed fish should be studied.  

Based on the above rationales, the following research questions were adressed:  

 Do the ecological status of Lakes Chamo, Koka and Ziway differ across the lakes and change 

over time?  

 Are the O. niloticus populations of Lakes Chamo, Koka and Ziway different in their 

morphometric characters and meristic counts? Which of the fish populations possess the required 

quality for aquaculture in terms of length and weight? 

 Are the O. niloticus populations of Lakes Chamo, Koka and Ziway different in their reproductive 

characters? Do reproductive characters of the populations change over time? 

 How do the O. niloticus populations of Lakes Chamo, Koka and Ziway rsponed to elevated fry 

rearing temperature in terms of survival and growth rates, and their sex ratios? 

The present study attempted to answer the above research questions focusing on the following 

objectives.  

General objective: 

To investigate ecological status and desired culture characteristics of O. niloticus populations of the 

three Ethiopian Rift Valley lakes in order to sustain the fishery and improve their productivity in 

aquaculture system. 

Specific objectives: 

The specific objectives of the studies were to: 

1. assess current and past water physico-chemical status of Lakes Chamo, Koka and Ziway 

2. characterize phenotype of O. niloticus of Lakes Chamo, Koka and Ziway 

3. investigate sex-ratio, size at first sexual maturity, fecundity and gonadosomatic index of O. 

niloticus of Lakes Chamo, Koka and Ziway and,  

4. assess effect of elevated fry rearing temperature on survival rates, growth rates and sex ratios of 

O. niloticus populations of Lakes Chamo, Koka and Ziway.  
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1.7 Ethical consideration 

Ethical guidelines or procedures for research works that involve animal (fish) subjects are not available 

in Ethiopia. However, formal permits to sample fish in the study areas were obtained from the Regional 

Livestock and Fishery Development Bureaus (letters in Amharic language). The general provisions of 

world medical association (WMA) statement on welfare of animals used in research for humane 

treatment of fish during sampling and handling operations were obeyed. Moreover, general principles 

pertaining to field activities with wild fish as laid down by AFS et al. (2004) was considered. To 

minimize prolonged stress to live fish in the experiment, the required data were collected from the 

sampled fish as promptly as possible, representative samples were kept in container with ample 

oxygenated water and extra specimens were returned back to their ponds.  

1.8 Structure of the dissertation 

The parts of this study were structured sequentially, based on the research questions and the specific 

objectives. 

Chapter 2 attempted to answer the question on the ecological status of Lakes Chamo, Koka and Ziway; 

differences across the lakes and change over time. For this chapter, in situ water physico-chemical 

parameters were measured seasonally for two years, water samples were taken from the lakes during 

rainy season and dry seasons for nutrient loading analysis, observations were made for the status of lake 

shore vegetation and presence of invasive waterhyacinth and litretures were reviewed to compare with 

previous values.  

In Chapter 3, the question of differences in morphometric characters and meristic counts of  O. 

niloticus populations of Lakes Chamo, Koka and Ziway and which of the fish populations possess the 

required quality for aquaculture in terms of length and weight? were addressed. In this chapter, O. 

niloticus samples of commercial catchs were collected from the three lakes at different seasons. Twenty 

six morphometric characters, eight meristic counts, length and weight as growth parameters, length-

weight relationship and fish condition factor were considered for analysis in the characterization and 

comparision of the populations and their potential to be used in aquaculture. 

In Chapter 4, the following questions were addressed: Are the O. niloticus populations of Lakes 

Chamo, Koka and Ziway different in their reproductive characters? Do reproductive characters of the 

populations change over time? For this chapter, data on reproductive parameters of  O. niloticus were 
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collected from Lakes Chamo, Koka and Ziway four times a year: at onset of rainy sesason,  during main 

rainy season, after rainy season and during dry season.  Fish breeding season, length-at first sexual 

maturity and absolute fecundity of  the populations were analyzed and compared among the lakes.  The 

size at first sexual maturity of the populations over time was also compared.  

In Chapter 5 the following question was analyzed: How do the O. niloticus populations of Lakes 

Chamo, Koka and Ziway responed to elevated fry rearing temperature in terms of survival rates, growth 

rates and their sex ratios? For this chapter, progenies were produced from the three O. niloticus 

populations and subjected to elevated fry rearing temperature in a laboratory. The progenies' survival 

rate, their growth performance and sex ratio were analysed and compared among the populations.   
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Chapter Two 

_________________________________________________________________________________ 

2 Current physico-chemical conditions of Lakes Chamo, Koka and Ziway 

2.1 Introduction 

Freshwater ecosystem plays pivotal functions ecologically and economically. Ecologically, the system 

supports various floral and faunal diversities, nutrients recycling, and water purification. Economically, 

the system serves as a source of irrigation for agricultural production, domestic water use, drinking 

water for livestock and wildlife, fisheries, transportation, and recreational purposes (Dudgeon et al., 

2007; Hildrew et al., 2007; Limburg, 2009). Freshwater aquatic ecosystems have different 

characteristics, support diversity of life and render different types of services depending on their nature, 

size and locations. For instance, the Ethiopian Rift Valley lakes Chamo, Koka and Ziway are among the 

ecologically and economically important freshwater ecosystems used heavily in local fisheries 

production and for irrigation purposes (Abebe Getahun, 2017).  

The main Ethiopian Rift Valley lakes are situated in different hydrological basins that include the 

Awash, Ziway-Shala, Hawassa and Abaya-Chamo Basins (Tenalem Ayenew, 2009). Lake Chamo is 

located in the Abaya-Chamo Basin, which consists of three lakes: namely, Lakes Abaya, Chamo and 

Chew Bahir. These three lakes that are separate today were linked with each other in the past with 

intermittently flowing rivers and with the overflow to Lake Turkana in the south. The Awash River 

basin consists of Bishoftu crater lakes in its upper basin and Koka, Beseka, Afambo, Gemeri and Abe 

Lakes in its middle and lower basin. Lake Koka is an artificial reservoir created to generate hydro-

electric power. The Awash River Basin covers an estimated land area of 110,000 km
2
 that runs for 1,200 

km from Ginchi, 90 km west of Addis Ababa, to the Danakil Depression. The upper Awash Basin drains 

about 11,402 km
2 

area up to the inlet of Lake Koka (Fekadu Aduna et al., 2021). The basin is among the 

most important water resources used for large-scale irrigation schemes in Ethiopia. Ziway Lake and 

Lakes Langano, Abijata and Shala are located in the Ziway-Shala Basin, which covers an estimated 

catchment area of about 13,000 km
2 

and characterized by volcano-tectonic depressions in its center. 

Despite the fact that the majority of the tropical lakes including the Ethiopian Rift Valley lakes are 

natural river fed lakes or reservoirs (Lewis, 2000), previous studies reported that Chamo, Koka and 
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Ziway Lakes have different morphological, physico-chemical and biological characteristics (Elizabeth 

Kebede et al., 1994; Tenalem Ayenew, 2009; Abebe Getahun, 2017). Such variations in biological, 

chemical and physical attributes are due to anthropogenic activities, and various natural factors in the 

lakes and in their catchments and their interactions have been reported to affect water qualities, 

biodiversity and fisheries production in the lakes (Alemayehu Hailemicael, 2011; Fasil Degefu et al., 

2011; Megerssa Endebu et al., 2015; Tadesse Fetahi, 2019). 

Despite its significant economic and ecological services, the freshwater biodiversity and its services are 

under threat worldwide, in some areas at an alarming rate (Dudgeon et al., 2007). Threats to biodiversity 

in freshwater ecosystems have been acknowledged and summarized into five major types called 

"HIPPO", an acronym standing for the habitat loss and fragmentation, invasive species, pollution, 

population growth and overexploitation of resources (Limburg, 2009; Torrance, 2010). These problems 

are further exacerbated by human population increase with stagnated rate of food production unmatched 

with increasing food demand. Population growth has played major roles in freshwater ecosystem 

functioning but also in the change of the land use system in Ethiopia causing land degradation, habitat 

fragmentation, and deforestation (Tenalem Ayenew and Dagnachew Legesse, 2007). Such changes are 

largely due to the use of water for irrigation that affected the hydrological settings of some Rift Valley 

lakes including Lakes Chamo, Koka and Ziway. The Rift Valley lakes, like other tropical lakes, are 

sensitive to increase in nutrient loading from anthropogenic activities in the catchment areas mainly 

through inlet rivers and change in water quality and biodiversity in response to eutrophication (Lewis, 

2000; Tadesse Fetahi, 2019). The nutrient containment in tropical lakes is more strongly oriented 

towards nitrogen, the most probable limiting factor than phosphorus (Lewis, 2000). 

Both abiotic factors that mainly constitute the water physico-chemical properties and biotic factors 

together with land management practices contribute to the dynamics of freshwater ecosystem including 

the lakes ecosystem, particularly its physico-chemical attributes reflected by water quality parameters 

such as water temperature, pH, electric conductivity (EC), total dissolved solids (TDS), salinity, 

turbidity measured in Secchi disc depth, nitrate and phosphate concentrations. Electric conductivity (EC) 

and salinity of the lakes are related to dissolvable salts such as sodium chloride, magnesium sulfate, 

potassium nitrate, sodium bicarbonate contents. Talling and Talling (1965) reported that dissociation of 

these salts are the drivers of salinity and EC of the Rift Valley lakes mainly due to carbonate and 

bicarbonates followed by chloride, fluoride and sulfate anions, and by the four main cations; namely, 
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sodium, calcium, magnesium and potassium. Water EC is determined by the concentration and types of 

ions, and water temperature. Total dissolved solids (TDS), the great majority of the loads in natural 

water are from the cations and anions are also responsible for the EC of the water, is a measure of all 

dissolved contents of inorganic and organic substances present in the water in molecular, ionized or 

colloidal suspended forms.  

Abiotic factors characterized by the water physico-chemical properties determine the lakes biological 

functions and biological diversity in the ecosystem. Warm waters with the optimum temperature range 

of 25-30°C promote a healthy and balanced lakes ecosystem that includes the reproduction and growth 

of several economically important local fish species. The change in temperature patterns of a lake from 

the optimum range required for a rather efficient metabolic rate of various fish species alters the fish 

feeding behavior and interaction with its habitat (Walberg, 2011), and spawning and hatching patterns 

(Faruk et al., 2003). Electric conductivity, an electrical potential of ions in water is affected by the ions 

concentration, charge and mobility, where the latter increases as the water temperature increases 

(Hayashi, 2004). The neutral pH level, which is a measure of the concentration of free hydrogen and 

hydroxyl ions in the water, of freshwater ecosystems optimum for the fish species can be changed by 

pollution. Water quality degradation due to excessive nutrients loading particularly nitrogen and 

phosphorus has been acknowledged to result in eutrophication and increased water hyacinth (Eichhornia 

crassipes) invasion (Hossain et al., 2015). Previous studies reported on three Ethiopian Rift Valley 

lakes; namely Lakes Chamo, Koka and Ziway, indicated selected physico-chemical properties of the 

lakes were far from the levels expected from healthy lakes (Table 1).  

In addition to the physico-chemical attributes that reflected the deteriorating quality status, the Ethiopian 

lakes are under threat by an aquatic weed called Water hyacinth (Eichhornia crassipes). Water hyacinth 

was originally from Amazon Basin with first report in 1965 in Koka Lake and Awash River is now an 

invasive alien aquatic weed species (Firehun Gebregiorgis, 2017) that has become a national concern 

threatening aquatic biodiversity and socioeconomic activities in the Ethiopian water bodies. It has been 

reported that this weed spread widely invading the Awash River Basin (Abasamuel, Koka and Wonji 

sugarcane irrigation reservoirs), Abay River Basin (Lake Tana and Blue Nile), Baro-Akobo River Basin 

(Sobat, Baro, Gillo and Pibor Rivers) and Rift Valley Basin Systems (Lake Ellen, Lake Abaya, Lake 

Ziway, Lake Elltoke) (Firehun Gebregiorgis et al., 2007, 2013; Dereje Tewabe, 2015; Dereje Tewabe et 

al., 2017; Firehun Gebregiorgis, 2017). 
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Table 1. Previous studies of some physico-chemical parameters of Lakes Chamo, Koka and Ziway 

 Chamo Koka Ziway 

Water temperature (°C) 26.0 - 30.4
 i
 20.6 - 24.0

g
 23.1 - 27.5

g
 

Secchi disc depth (cm) 

65
c
  

12 - 60
i 

28 
c 

35
c
 

pH range 

8.9 
c
   

8.87 - 9.93
i 

8.2
c
  

8.1- 8.5
e
  

7.4 - 8.0
g 

8.5
c 

8.4
 
- 8.9

g
 

Salinity (g/L)* 

1.1
 a
, 1.0

 c
, 

0.6 - 0.93
i 

0.319
 a
 

0.2
c
 

0.349
 a
 

0.4
c
 

Total dissolved solid (mg/L) 595 - 924
i 

 379
f
 

Conductivity (µS/cm, 25°C) 

1,100
a
; 927

b
 

1,320
c
  

1,253-2,127
i
 

274
a
; 286

c
; 200

d
 

251
 
- 458

g 

380-1200
j 

322 
a
; 410

c 

372 - 427
b
 

479
 
- 530

g
 

Soluble reactive phosphorus (μg 

/L) 25.5
c
 9.5 

c
; 36.10

h
 Below detection level

 

Total phosphorus (μg /L) 135.0
c 

224.0
c
; 477.2

h
 

170
b
;  

219.0
c 

NO
-
3-N(μg /L) 18.6

c 
1.4 

c
, 44.4

 h
 

690
 
- 1,430

g
  

3.9 
c 

0 - 50 
g
 
 

Adapted from
 a 

Wood and Talling 1988 (data Feb-March 1964); 
b
 Talling and Talling, 1965; 

c
 Elizabeth Kebede et al., 1994; 

d
 

Melaku Mesfin et al., 1988; 
e
 Hadgembes Tesfaye, 2007; 

f
 Teodros Rango et al., 2009; 

g 
Alemayehu Esayas et al., 2011; 

h
 

Fasil Degefu et al., 2011; 
i
 Addisu Fekadu and Solomon Chanie, 2017; 

j
 Mesfin Gebrehiwot et al., 2020.  

The three lakes targeted for this study: namely, Lakes Chamo, Koka and Ziway are vulnerable to 

changes in water quality level due to rapid changes in land use and management systems and other 

anthropogenic activities in their catchment. As a result, this study attempted to provide information on 

the current status of some physico-chemical and biological aspects of the lakes at three sampling regions 

of the water body namely the inlet region (IR), the middle region (MR) and the outlet region (OR). 

Assessing variations in different parts of the water would provide critical information to design effective 

intervention options to rehabilitate these lakes.  
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2.2 Materials and Methods 

2.2.1 Study areas 

This study targeted selected water physico-chemical and biological attributes of three Ethiopian Rift 

Valley lakes, namely, Chamo, Koka and Ziway (Figure 2, Table 1).  

2.2.2 Study seasons and sampling sites 

This study was conducted from May 2018 to April 2020 categorized as Year 1 (May 2018-April 2019) 

and Year 2 (May 2019-April 2020). Data and sample collection followed the local rainy season that 

dictated the agricultural activities in the region and thus quality of water in the inlet rivers to the three 

lakes. Accordingly, the seasons were grouped as (1) February to March (FBM) – a dry season for Ziway 

and Koka lakes regions, but it was the onset of main rainy season for Lake Chamo region; (2) May – the 

onset of main rainy season for Ziway and Koka lakes regions, but it was the main rainy season for Lake 

Chamo region; (3) July-August (JUA) – the main rainy season for Ziway and Koka lakes regions, but it 

was the winding of main rainy season and the harvesting time for the Chamo lake region; (4) October to 

November (OCN), the season right after main rainy season for Ziway and Koka Lakes regions, but it 

was a short rainy season for Lake Chamo region. To cater for changes during the day, measurements 

were recorded, and samples were collected in the mornings 7:00-9:00 AM and the afternoons from 2:00 

to 4:00 PM on the days the samples were collected. 

Sites for water sample and in situ data collection were selected purposely to represent the lakes from 

inlet region, middle of the lake and outlet away from the major inlet regions. The landing sites are called 

Leto-1, Leto-2 and Elgo for Lake Chamo; Awash, Metoaleka and Bekele for Lake Koka and Golbe-

Tsedecha, Meki-Girisa, and Batu-Bochesa for Lake Ziway. 

2.2.3 Data collection 

In-situ measurements: - Seven water physico-chemical parameters, namely (1) conductivity (CND), 

(2) pH, (3) Secchi disc depth (SCH), (4) resistivity (RST), (5) salinity (SLN), (6) temperature (TMP) 

and (7) total dissolved solids (TDS) were measured in-situ at the sampling sites of the three lakes.   

Secchi disc depth (SCH) indicated water turbidity level measured using a standard Secchi disc, a white 

metallic disc of 20 cm diameter having six circular holes around as a contrast for observation in water. 

The Secchi disc measurements were taken by sending the disc into water from a boat and observing 
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depth of disappearance (d1) when lowering and depth of appearance (d2) when lifting slowly from 

depth. The average depth of d1 and d2 was recorded in cm and described as Secchi disc depth.  

Water pH was measured using handheld Elmetron pH-meter of model CP-411. Conductivity, salinity, 

total dissolved solids (TDS) and water temperature (TMP) were measured using handheld multi-meter 

of model SX723 pH/mV/Cond meter. These parameters were measured in-situ at different depths, 

surface (0-25 cm) and depth about 1 m twice a day in the mornings and the afternoons. 

Sampling for laboratory analysis: - Water samples were collected from the sampling sites of the lakes 

to determine the nutrient loadings measured by (1) nitrate concentrations (NTN), (2) soluble reactive 

phosphorus (SRP), and (3) total phosphorus (TP). The parameters were analyzed following the standard 

methods for the examination of water and wastewater (APHA, 1995) at the Limnology Laboratory of 

Addis Ababa University. The method followed Ascorbic acid procedure to determine SRP, persulfate 

digestion procedure to determine total phosphorus, and Salicylate method to determine nitrate level.  

Vegetation assessment: - To judge the wetlands vegetation status of the lakes, observations were made 

along the shores of lakes. Water hyacinth, the invasive alien species, was visually observed across the 

three lakes and recorded as present or absent.  

2.2.4 Data analysis 

Data on the water physico-chemical attributes and nutrient loadings were subjected to one-way Analysis 

of Variance (ANOVA) in SPSS-20 package (IBM SPSS, 2011) and two-ways ANOVA by GENSTAT 

(VSN International, 2020) where unbalanced regression analysis estimated the means and the presence 

of statistical significance across Lakes, sampling sites, seasons, and their interactions. Mean differences 

of the parameters between the three lakes and among the four seasons within each lake were further 

separated using LSD post hoc analysis at 5% significance level. Comparison between the lakes and the 

seasons were made based on the mean values. Pearson Correlation analysis was performed with SPSS 

and graphs were constructed with PAST statistical program (Hammer et al., 2001). 
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2.3 Results 

The physico-chemical parameters measured across two years at Inlet, Middle and Outlet Regions of 

Lakes CHM (Chamo), KKA (Koka) for seasons FEM (February to March), MAY (May), JUA (July to 

August) and OCN (October to November) were summarized in a matrix plot (Figure 3). 
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J. TPP (µg/L) 

 

Matrix plot of means of physico-chemical parameters measured across two years 

at Inlet, Middle and Outlet Regions of Lakes CHM (Chamo), KKA 

(Koka) for seasons FEM (February to March), MAY (May), JUA (July 

to August) and OCN (October to November). Physico-chemical 

properties (I) measured in-situ included (A) CND = Conductivity; (B) 

pH; (C) SCH = Secchi depth as Turbidity level indicator; (D) RST = 

resistivity; (E) SLN = Salinity; (F) TMP = Temperature; (G) TDS = 

total dissolved solids, and (II) measured in the laboratory included (H) 

NTN = nitrate in nitrogen concentration; (I) SRP = soluble reactive 

phosphorus; (J) TPP = total phosphorus. Data presented in X-axis 

representing Lakes and Y-axis seasons for all parameters except for 

TPP sampled from only FEM season.  

Figure 3. Matrix plot of means of physico-chemical parameters by lakes and seasons. 
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Figure 4. Matrix plot of means of physico-chemical parameters by lakes and sampling sites. 

(Matrix plot of means of physico-chemical parameters measured across two years and four seasons/ per year at IR (Inlet Region), MR 

(Middle Region) and OR (Outlet Region) of Lakes CHM (Chamo), KKA (Koka). Physico-chemical properties (I) measured in-situ 

included (A) CND = Conductivity; (B) pH; (C) SCH = Secchi disc depth as Turbidity level indicator; (D) RST = resistivity; (E) SLN = 

Salinity; (F) TMP = Temperature; (G) TDS = total dissolved solids, and (II) measured in the laboratory included (H) NTN = nitrate in 

nitrogen concentration; (I) SRP = soluble reactive phosphorus; (J) and K TPP = total phosphorus. X-axis represents Lakes and Y-axis 

sampling sites.) 

The correlation matrix in Pearson's correlation coefficient for nine variables of water physico-chemical 

parameters measured across Lakes Chamo, Koka and Ziway over two years in four seasons per year and 

three sites per lake is presented Table 2. The correlation pattern of the parameters can be categorized 

into three broad groups; (I) highly significant and positively correlated, (II) highly significant but 

negatively correlated and (III) weakly positively or negatively correlated parameters. Conductivity, 

TDS, salinity, water temperature, Secchi disc depth, and pH were highly significant and positively 

correlated with each other. Likewise, nitrate concentration with soluble reactive phosphorus was also 

highly significant and positively correlated. Resistivity was highly significantly and negatively 

correlated with the conductivity, salinity, TDS, water temperature, Secchi disc depth and pH. Nitrate 

concentration, soluble reactive phosphorus and total phosphorus concentration were weakly positively or 
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negatively correlated with all other variables except for the strong significant and positive correlation 

between NTN and SRP. 

Table 2. Pearson correlation coefficient between physico-chemical parameters measured across Lakes 

Chamo, Koka and Ziway over two years in four seasons per year and three sites per lake 

 

CND pH RST SLN SCH TDS NTN 

pH 
0.63** 

(52) 
      

RST 
-0.85** 

(44) 

-0.59** 

(42) 
     

SLN 
0.99** 

(45) 

0.60** 

(43) 

-0.85** 

(44) 
    

SCH 
0.67** 

(48) 

0.50** 

(47) 

-0.59** 

(43) 

0.62** 

(43) 
   

TDS 
1.00** 

(44) 

0.61** 

(42) 

-0.85** 

(44) 

0.99** 

(44) 

0.63** 

(43) 
  

TMP 
0.82** 

(53) 

0.63** 

(52) 

-0.69** 

(43) 

0.81** 

(44) 

0.57** 

(49) 

0.81** 

(43) 
 

SRP 0.23 (18) 
0.15 

(18) 

-0.09 

(18) 

0.22 

(18) 

0.002 

(18) 

0.230 

(18) 

0.62** 

(18) 

**Correlation is significant at the 0.01 level (2-tailed), and numbers in brackets indicate correlated observations. 

 

2.3.1 Water temperature 

The mean water temperature values varied across the lakes and across the seasons (Figure 3F).  The 

mean water temperature differences between the lakes and between the seasons were significant (Table 

3). However, the Lake-Season interaction effect and the mean differences for the sampling sites were 

not significant. The water temperature was not differently affected by season in any of the lakes. 

The annual mean water temperature was highest at Lake Chamo, 27.46 ± 0.84
o
C; seasonal mean water 

temperature ranged from 26.55
o
C in May (main rainy season) to 28.54

o
C in Feb-March (dry season); 

while the annual mean values were 23.97 ± 1.44
o
C at Ziway and 23.35 ± 1.03

o
C at Koka with significant 

seasonal mean temperature variations (Figure 3F). The water temperature during the dry season, 
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February-March months, was higher than the temperature during the onset of rain, short rain or main 

rain and post rainy seasons at each of the three lakes. 

Table 3. Analysis of variance for water temperature (
o
C) across Lakes Chamo, Koka and Ziway in four 

seasons per lake 

Source d.f. s.s. m.s. v.r. F pr. 

Lake ignoring Season 2 156.304 78.152 69.82 < 0.001 

Season ignoring Lake 3 33.642 11.214 10.02 < 0.001 

Lake x Season 6 10.462 1.744 1.56 0.184 

Residual 41 45.895 1.119 

  Total 53 379.116 7.153 

  
 

2.3.2 Secchi disc depth  

The mean Secchi disc depth (water turbidity measure) values of the lakes varied across the three lakes 

and across the four seasons (Figure 3E). The differences in mean annual Secchi disc depth between the 

lakes, between the seasons and Lake-Season interaction were statistically significant (Table 4) but the 

mean Secchi disc depth values across the sampling sites (Figure 3E) were not significantly different. The 

mean annual Secchi disc depth value was highest at Lake Chamo (20.96 ± 5.36 cm) and statistically 

different from that of Lake Ziway (14.53 ± 0.88 cm) and Lake Koka (13.35 ± 4.70 cm). Seasonal 

differences in mean Secchi disc depth were also observed at each of the lake during the sampling period. 

The seasonal mean Secchi disc depth values were lower at the onset of the rain and during rainy season, 

in May and July-August months (especially in Lake Koka) while it was high during the dry season, in 

February-March months (especially in Lake Chamo); showing the Lake-Season interaction. The range 

was from 14.13 cm in May to 27.05 cm in Feb-Mar at Chamo, from 13.73 cm in May to 15.54 cm in 

Feb-March at Ziway and from 8.65 cm in July-August to 17.94 cm in Oct-Nov at Lake Koka. Though 

not statistically different, the mean Secchi disc depth values for the sampling sites within the lakes also 

varied with the lowest mean values recorded around the confluence of the inlet rivers during rainy 

season and the highest mean values recorded around the region of the lake away from the main inlet 

especially in Lake Chamo (Figure 4E). 
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Table 4. Analysis of variance for mean Secchi disc depth (cm) across Lakes Chamo, Koka and Ziway in 

four seasons per lake 

Source d.f. s.s. m.s. v.r. F pr. 

Lake ignoring Season 2 575.01 287.5 19.96 < 0.001 

Season ignoring Lake 3 285.44 95.15 6.6 0.001 

Lake x Season 6 309.96 51.66 3.59 0.007 

Residual 36 518.61 14.41 

  Total 48 1725.42 35.95 

  
 

2.3.3 Water pH 

The mean annual water pH values of the lakes were 9.08 ± 0.25, 8.58 ± 0.25 and 8.37 ± 0.37 in Lakes 

Chamo, Ziway and Koka, respectively, which are in decreasing order. The differences were statistically 

significant (p<0.001) with the pH of Lake Chamo significantly higher than that of the two lakes. 

Seasonal variations in mean pH values, with relatively lower mean values during the rainy seasons than 

the mean values in the dry seasons were observed in each of the three lakes (Figure 3B) though the 

differences were not statistically significant (Table 5). The mean pH values across the sites within each 

lake were not significantly different (Figure 3B). The Lake-Site interaction on pH value was also not 

significant. 

Table 5. Analysis of variance for mean pH across Lakes Chamo, Koka and Ziway in four seasons per 

lake. 

Source d.f. s.s. m.s. v.r. F pr. 

Lake ignoring Season 2 3.9949 1.9974 12.9 < 0.001 

Season ignoring Lake 3 1.4364 0.4788 3.09 0.038 

Lake x Season 6 1.5737 0.2623 1.69 0.148 

Residual 39 6.0397 0.1549 

  Total 51 16.1912 0.3175 
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2.3.4 Conductivity 

Electric conductivity of the water was significantly higher in Lake Chamo with mean value of 1,570.43 

± 177.46 µS/cm than that of Lake Ziway with mean value of 524.88 ± 48.97 µS/cm and Lake Koka with 

mean value of 450.45 ± 158.63 µS/cm (Figure 3A). The differences in seasonal mean values of 

conductivity at each lake were significant (Table 6) and the values ranged from lower mean of 1,308.00 

µS/cm in May (rainy season) to 1,693.40 µS/cm in Feb-March (dry season) in Lake Chamo; from lower 

mean value of 458.30 µS/cm in Oct-Nov (Post-rainy season) to 575.70 µS/cm in May (pre-rainy season) 

in Lake Ziway and from lower mean value of 274.70 µS/cm in July-Aug (rainy season) to higher value 

of 636.00 µS/cm in Feb-March (dry season) in Lake Koka. The resistivity (ohm) of the water in the 

three lakes was in similar pattern but had inverse correlation with the electric conductivity.  

Table 6. Analysis of variance for mean conductivity (µS/cm) across Lakes Chamo, Koka and Ziway in 

four seasons per lake 

Source d.f. s.s. m.s. v.r. F pr. 

Lake ignoring Season 2 12907755 6453877 282.26 < 0.001 

Season ignoring Lake 3 297121 99040 4.33 0.01 

Lake x Season 6 545021 90837 3.97 0.003 

Residual 41 937476 22865 

  Total 53 16247056 306548 

  
 

2.3.5 Total dissolved solids 

Mean total dissolved solids (TDS) values of the three lakes across four seasons were shown in Figure 

3G. Similar to the electric conductivity values, significantly higher annual mean value of TDS (mg/L) 

was recorded in Lake Chamo (1,141.9 ± 80.4 mg/L), than that of Lakes Ziway (356.6 ± 34.8 mg/L) and 

Koka (312.8 ± 125.9 mg/L). The values also vary significantly among sampling seasons at each of the 

lakes (Table 7). The TDS ranged from 1,028.70 mg/L in May to 1,217.40 mg/L in Feb-March in Lake 

Chamo; from 311.13  mg/L in Oct-Nov to 395.40 mg/L in May in Lake Ziway and from 160.50 mg/L in 

July-Aug to 434.70 mg/L in Feb-March in Lake Koka.  
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Table 7. Analysis of variance for mean total dissolved solids (mg/L) across Lakes Chamo, Koka and 

Ziway in four seasons per lake 

Source d.f. s.s. m.s. v.r. F pr. 

Lake ignoring Season 2 6116652 3058326 295.07 < 0.001 

Season ignoring Lake 3 160378 53459 5.16 0.005 

Lake x Season 6 165288 27548 2.66 0.034 

Residual 31 321311 10365 

  Total 43 7430110 172793 

  
 

2.3.6 Salinity 

The salinity values varied significantly across the three lakes and four seasons (Table 8; Figure 3D); 

whereby the mean value at Lake Chamo (0.81 ± 0.03 ppt) was significantly higher than that of Lakes 

Ziway (0.25± 0.02 ppt) and Koka (0.22 ± 0.09 ppt). Slight temporal changes in salinity was also 

observed across the lakes, whereby highest seasonal mean salinity levels of the lakes were recorded in 

Feb-March (dry season) in Lakes Chamo (0.85 ppt) and Koka (0.317 ppt) and in May in Lake Ziway 

(0.284 ppt). The lowest salinity levels were recorded in main-rainy seasons in Lakes Chamo (0.765 ppt) 

and Koka (0.113 ppt), while it was lowest in Oct-Nov (post rainy season) in Lake Ziway (0.224 ppt). 

The spatial differences in salinity were observed in Lake Chamo, the terminal lake without visible outlet 

river, where salinity level increased from the region of major inlet-river confluence (IR) towards the 

region away from the inlet rivers (OR). In contrast to the case of Lake Chamo, salinity level decreased 

from inlet-region (IR) towards outlet region in Lake Koka (Figure, 4D). 
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Table 8. Analysis of variance for mean salinity (ppt) across Lakes Chamo, Koka and Ziway in four 

seasons per lake 

Source d.f. s.s. m.s. v.r. F pr. 

Lake ignoring Season 2 3.069223 1.534611 381.03 < 0.001 

Season ignoring Lake 3 0.078387 0.026129 6.49 0.001 

Lake x Season 6 0.068928 0.011488 2.85 0.024 

Residual 32 0.128881 0.004028 

  Total 44 3.706108 0.08423 

  
 

2.3.7 Nutrient load to the lakes 

The nutrient loads to the three lakes were analyzed in terms of soluble reactive phosphorus (SRP), total 

phosphorus (TP) and the nitrate nitrogen (NTN) at different seasons and different sites of the lakes 

(Figures 3H, 3I, 3J; 4H, 4I, 4J and 4K). Statistically, the overall mean concentration of soluble reactive 

phosphorus (SRP), total phosphorus (TP) and the nitrate nitrogen (NTN) were not significantly different 

across the lakes, across the seasons and across the sites within the lakes. However, the overall mean for 

the concentration of soluble reactive phosphorus (SRP) was lower in Lake Ziway (39.22 ± 8.19 µg P/L) 

than in Lakes Koka (75.25 ± 15.49 µg P/L) and Chamo (81.36 ±20.61 µg P/L). The concentration of 

total phosphorus (TP) measured in dry season (February-March) was higher in Lake Koka than Lakes 

Chamo and Ziway especially in the outlet region of the lakes (Figures 3J, 4J). The spatial concentration 

increased from inlet region to outlet region in Lake Koka (Figure 4K). The nitrate-N load (NTN) was 

high in Lake Koka, ranging from seasonal mean value of 240.90 µg/L in July-August (main rainy 

season) to 898.0 µg/L in Feb-March (dry season) with mean value of 524.60 ± 337.61 µg /L NO
-
3 - N 

while the dry season and overall mean values were lower in Lakes Ziway (11.3 and 77.6 ± 69.18 µg /L) 

and Chamo (5.2 and 12.5 ± 7.73 µg /L NO
-
3 - N), respectively. 
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2.4 Discussion 

Water physico-chemical parameters differ from lake to lake affected by many factors and the parameters 

can determine types and habitats of organisms living in the lakes. Water temperature, influenced by the 

amount and angle of solar radiation and ambient temperature, varies in water bodies depending on 

geographical locations, latitudes, altitudes and morphometry of the water bodies. The differences in 

mean annual water temperatures values for the lakes, 27.46 ± 0.84
o
C at Chamo followed by 23.97 ± 

1.44
o
C at Ziway and 23.35 ± 1.03

o
C at Koka observed in this study were also caused by the variations in 

geographical locations, morphometry and environmental status of the three lakes. The lower the 

altitudinal and latitudinal location of a lake, the higher the water temperatures (Layden et al., 2015). 

Lake Chamo is located at relatively lower latitude, between 5° 42' - 5° 58' N and lower altitude, 1,110 

m.a.s.l. than Lakes Koka and Ziway; as a result its water temperature is warmer than that of the two 

lakes. However, the locations of Lake Ziway (7° 52’ - 8° 8’ N at 1,636 m.a.s.l.) and Lake Koka (8° 18ʹ 

57ʺ - 8° 28ʹ 21ʺ N at 1,590 m.a.s.l.) are not far apart to cause significant temperature differences. The 

slight mean annual water temperature difference observed between the later two lakes was rather 

attributed to the morphometric differences between the lakes (Lake Ziway with area of 434 km
2
 and 

mean depth of 2.5 m while Lake Koka with area of 200 km
2
 and mean depth of 9 m). Broad and shallow 

lakes are warmer than deeper and narrower lakes (Meerhoff et al., 2012). 

Seasonal water temperature changes were observed in all the three lakes as the ranges indicated in 

Figure 3F where lower water temperatures during the rainy seasons and higher temperatures during the 

dry seasons were associated with the ambient seasonal temperatures of the area. However, the mean 

annual water temperatures for the lakes in the current study were within the ranges of the water 

temperatures history of the lakes (Table 1), though the mean annual water temperatures of the lakes in 

the past were not clearly presented. The current temperature values were in the range of water 

temperature history of the lakes, very likely because of the reason that water temperatures are mainly 

governed by factors such as location (altitude and latitude) of the lakes and their morphometry, which 

are not dynamic over time.  

Water turbidity, the amount of suspended solids in water, was high (described as low Secchi disc depth, 

Figure 3E) at Lake Koka followed by Lakes Ziway and Chamo. The main cause of the lakes' turbidity is 

suspended material coming from catchment areas during the rainy season. The catchment area of Koka 

is wide and intensive agricultural activities are practiced in the area (Berhan Teklu, et al., 2018; Tadesse 
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Fetahi, 2019) where erosion carries massive suspended particles from the agricultural fields to the lake, 

increasing its turbidity. Similar to that of Lake Koka, the agricultural intensification making soil liable to 

erosion in the catchment of Lake Ziway has been significant to pose similar impact of higher turbidity at 

the lake, but is less than that of Koka because of the lower catchment area from where erosion takes 

place. The relatively lower turbidity (higher Secchi disc depth) recorded at Lake Chamo was attributed 

to relatively lower intensification of agricultural activity in the catchment and lower catchment area of 

the lake (1,109 km
2
) compared to the other two lakes (6,991 km

2
 for Lake Ziway and 11,250 km

2
 for 

Lake Koka). Seasonal variations in mean Secchi disc depth values at all the three lakes in the current 

study showed relatively higher turbidity (lower Secchi disc depth) during the onset of rain and main 

rainy seasons was caused by eroded soil in a surface runoff from the catchment area of the lakes, which 

was intense at the confluences of the inlet rivers. The turbidity gradually decreases after the rainy season 

and away from the confluence of the inlet rivers when the suspended particles settle. The mean Secchi 

disc depth values in the current study were lower (two to three fold) at all the three lakes as compared to 

their chronological Secchi disc depth data of previous records (Elizabeth Kebede et al., 1994) showing 

that loads of suspended solids to the lakes are increasing. The increase in water turbidity affects the lake 

environment, increasing silt load, changing lake bottom sediment, overall productivity of the lakes and 

also the water temperatures since the suspended particles absorb heat from solar radiation more 

effectively than water (Paaijmans et al., 2008). 

The mean values for water pH, electric conductivity (EC), total dissolved solids (TDS) and salinity were 

significantly different between the three lakes with the higher mean values of the parameters recorded at 

Lake Chamo and lower mean values at Lake Koka. The parameters were highly significantly and 

positively correlated. The mean differences across the lakes were mainly attributed to geology of the 

lakes and the chemistry of their watershed soils, size of the watershed and changes in size of the lakes 

(Tenalem Ayenew and Dagnachew Legesse, 2007; Alemayehu Hailemicael, 2011).   

The soil salinity around Lake Chamo, including in annual field cropping systems was reported to be 

high (Degife Asefa et al., 2019). Seasonal variations of the parameters values within the lakes were 

influenced mainly by the incoming flood during the rainy season (or post-rainy season as in the case of 

Lake Ziway), which increases the lakes' volume and dilute chemistry of the lakes. The current range of 

water pH value at lake Chamo, 7.48 - 9.50 includes the 8.9 value reported by Elizabeth Kebede et al., 

(1994) but lower than the 8.87 - 9.93 value reported by Addisu Fekadu and Solomon Chanie (2017). The 
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pH value at Lake Koka increased from previous report of 7.4 - 8.5 range (Elizabeth Kebede et al., 1994; 

Hadgembes Tesfaye, 2007; Alemayehu
 
Esayas et al., 2011) to the current range of 7.6 - 9.21 with mean 

of 8.26. Similarly, the pH range at Lake Ziway is widened in the current study (7.71 - 9.00) with mean 

value of 8.54, which is within the previous range of 8.4 - 8.9 (Figure 3B). The changes in pH ranges 

over time and the variation across sampling seasons and sampling sites in the lakes were influenced by 

the water chemistry of inlet rivers during the rainy seasons and the trophic levels of the lakes (Tadesse 

Fetahi, 2019). The current conductivity values at all the three lakes ranged higher than the previous 

reports, in increasing trend over time (Table 1), indicating that ions concentration in the lakes is 

increasing, especially at Lake Chamo. The TDS is also related to electrical conductivity of a lake; where 

the relationship with EC is linear (Pal et al., 2015) as also presented in the current data.  

The differences in the mean values of the nitrate-N and phosphate-P concentrations at the three lakes are 

related to the types and levels of pollutants (fertilizers from agricultural lands, municipal and industrial 

wastes) in the catchment areas of the lakes and geologic origin. The higher concentration of nitrate-N 

and total phosphorus in Lake Koka are also correlated with the intensification of agriculture, industrial 

and municipal wastes in the catchment of upper Awash. The total phosphorus concentration gradient 

increasing towards the outlet region in Lake Koka is perhaps due to gradual settlement and deposition of 

phosphate compounds in sediments around the mouth of the lake; natural wetland vegetation except the 

water hyacinth, are absent/little in Lake Koka to utilize the nutrients. Nitrate-N and phosphate-P 

concentrations in the current study are higher than the previous reports at all the three lakes. The 

maximum recorded concentrations of nitrate-N increased from 18.6 µg /L (Elizabeth Kebede et al., 

1994) to 26.3 µg /L in Lake Chamo; from 1.4 µg /L (Elizabeth Kebede et al., 1994) and 1,430.0 µg /L 

(Alemayehu Esayas et al., 2011) to 2,587.7 µg /L in Lake Koka and from 3.9 µg /L (Elizabeth Kebede et 

al., 1994) and 50.0 µg /L (Alemayehu Esayas et al., 2011) to 142.00 µg /L in Lake Ziway (current 

study). Similarly, the maximum recorded concentrations of phosphate-P increased from 25.5 µg /L 

(Elizabeth Kebede et al., 1994) to 102.8 µg /L in Lake Chamo; from 9.5 µg /L (Elizabeth Kebede et al., 

1994) and 36.1 µg /L (Fasil Degefu et al., 2011) to 146.8 µg /L in Lake Koka and from below detection 

level (Elizabeth Kebede et al., 1994) to 50.8 µg /L in Lake Ziway in the current study. The land cover 

pattern of Ethiopia in general and that of Central Rift Valley in particular is changing. The area coverage 

of small and large scale farming, settlements and mixed cultivation/acacia were increasing while those 

of forest and woodland were decreasing in Central Rift Valley of Ethiopia (Eyasu Elias et al., 2018). 

Use and application rate of chemical fertilizers in the country is increasing following the expansion and 
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intensification of agricultural lands, lose of soil fertility due to erosion and removal of crop residue for 

animal feed (Abraha Reda and Alem Hagos Hailu, 2017; Ermias Engida et al., 2019). Large areas of 

farms are covered by variety of vegetable crops in Central Rift Valley especially around Lakes Ziway 

and Koka where fertilizer application rates among the vegetable growers were reported to be in excess 

(Edossa Etissa et al., 2013). Land degradation, intensification of agriculture at small-scale farmers and 

large horticultural companies using fertilizers and pesticides, especially in the watershed areas of Lakes 

Ziway and Koka, are common, which ultimately caused increased rate of pollution in the Rift Valley 

lakes (Tenalem Ayenew and Dagnachew Legesse, 2007; Dereje Meshesha et al., 2012; Berhan Teklu et 

al., 2018; Tadesse Fetahi, 2019).  

Water eutrophication caused by nitrate and phosphate resulted in a number of human health problems 

including hazards for infants and pregnant women (Isiuku and Enyoh, 2020). Concentrations more than 

10 mg/L Nitrate-N and 5 mg/L phosphorous in drinking water are considered as hazardous according to 

EPA (Environmental Protection Agency), though the current concentrations did not exceed the limits. 

Natural wetland vegetation mainly dominated by Typha domingensis, Echinochloa pyramidalis, 

Cynodon dactylon and Cyperus articulata in the shoreline of Lake Chamo were found to be dense and 

relatively undisturbed, though land use and land cover changes overtime were reported in the catchment 

(Alemayehu Hailemicael, 2011). The wetland vegetation (including typha, Cyperus papyrus L. 

(papyrus), Nymphaea nouchali (blue water lily), Paspalidium geminatum  (bulrush), and Aeschynomene 

elaphroxylon) are distributed in most parts of the shoreline of Lake Ziway with some disturbances 

caused by animal grazing and other anthropogenic impacts. In Lake Koka, the shoreline is bare of 

natural wetland vegetation where they are not found or rarely seen at some areas. Wetlands have great 

role for the well functioning of aquatic ecosystem by mitigating pollution of nutrient loadings through a 

combination of physical, chemical and biological processes. The wetlands remove phosphorus, nitrogen 

and other chemical pollutants through the natural process of absorbing/adsorbing, transforming and 

sequestering as the water flows through (Nicholas, 1983) and need to be conserved. 

Water hyacinth is a persistent floating weed on Lake Koka during the two years of study period which 

flourish during rainy season, making mat and covering all the shoreline denying access to the lake, 

impairing fishing activity and clogging at electric power station of the dam. The biomass of the mat 

increases on the lake until the post rainy months after which it starts to adhere to ground at shore and 

start drying as the water recedes back in the dry season. Vegetable growers around Koka Lake collect 
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the dried biomass of the water hyacinth from flooded ground to use the land for farming and burn the 

weed to clean the area. In Lake Ziway, water hyacinth appeared for the first time at Meki-Girisa 

irrigation canal in the North-east corner of the lake in June, 2017. The weed started spreading to all 

directions in the lake gradually and colonized all corners of the lake in rainy season of 2020, after three 

years of appearance. In Lake Chamo, there is information from fishermen that the weed appeared on the 

lake in its northern corner at the confluence of Kulfo River in 2006. Overflow from Lake Abaya (already 

invaded by water hyacinth) at maximum level joins Lake Chamo through Kulfo River. However, water 

hyacinth did not establish and was not seen in Lake Chamo during the present study period. The 

performance of the weed was highly related to the nutrient loading (Hossain et al., 2015).  

Water hyacinth prefers nutrient-rich water; higher the pollution rates of lakes, higher would be the 

growth rate of water hyacinth (Verma and Sivappa, 2017). The ratio of Nitrogen to Phosphorus in water 

also affects the growth rate of water hyacinth, in which the optimum growth of the water hyacinth is 

achieved when the N: P ratio in water is between 2.3 - 5 (Reddy and Tucker, 1983). The productivity of 

the plant increases with N supply rate from 0.5 to 5.5 mg N/L, but higher N concentrations do not 

significantly increase the yield (Reddy and Tucker, 1989). Gao (2016) reported that high phosphorus 

concentration of >1.25 mg/L can significantly increase numbers of ramets (vegetative clones) and 

leaves, and N concentrations exceeding 62.5 mg/L increase biomass of water hyacinth in greenhouse 

experiment, though the clonal growth of water hyacinth was not correlated to N and P concentrations in 

field experiment. Hence, the dominance of the water hyacinth in Koka and Ziway Lakes is attributed to 

the higher nutrient loading from the wide catchment areas where agriculture and urbanization are being 

intensified followed by relatively lower natural wetland vegetation cover to remove the nutrients. The 

catchment area of Lake Chamo is relatively less where agricultural activities and urbanization are not 

yet intensified as compared to that of Lakes Koka and Ziway to pose significant nutrient loading. 

Moreover, the dense natural wetland vegetation at the periphery of the lake is capable of removing the 

nutrients keeping the lake’s environment safe. 
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2.5 Conclusions and recommendations 

Based on the physico-chemical water quality parameters studied during the two years (May-2018 to 

April-2020), Lakes Chamo, Koka and Ziway have different characteristics in water temperature, pH, 

electrical conductivity (EC), total dissolved solids (TDS) and salinity. These characteristics mainly 

depend on geographical locations of the lakes, the lakes' morphometry, geology and their catchment 

areas, and soil chemistry of their watersheds. The parameters showed seasonal changes at all the three 

Rift Valley lakes and had increasing trend over time.  

Water turbidity, nitrate and phosphate concentrations also differed in Lakes Chamo, Koka and Ziway. 

These parameters are mainly influenced by anthropogenic activities such as agricultural activities, 

deforestation, land degradation, industrial and municipal wastes in watershed areas of the lakes exist at 

different intensification levels. The parameters in the present study have shown alarming increase from 

their previous status at all the three lakes especially at Lakes Koka and Ziway causing eutrophication, 

siltation and change in biodiversity of the lakes. 

Invasive water hyacinth which existed over sixty years in Lake Koka and recently colonizing Lake 

Ziway has not yet established itself in Lake Chamo. The invasion of the weed in Lake Koka was 

aggravated by higher nutrient load from its catchment and absence of natural wetland vegetation in the 

shore of the lake which compete for space and the nutrients uptake, unlike that of Lake Chamo.  

In order to minimize the silt and nutrient loads in the lakes and safeguard their biodiversity, watershed 

management activities and proper agricultural practices which minimize soil erosion and agro-chemical 

pollution; proper municipal and industrial waste management to minimize chemical and physical 

pollutions should be enforced by the government and participation of stakeholders.  

Natural wetlands vegetation around the lakes should be protected and buffer zone of the lakes should be 

delimited to keep them free of anthropogenic disturbances.  
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Chapter Three 

________________________________________________________________________________ 

3 Phenotypic characters of O. niloticus populations of Lakes Chamo, Koka and 

Ziway  

3.1 Introduction 

O. niloticus is cultured worldwide and currently ranked second only to carps in global farmed food fish. 

The fish is indigenous to Ethiopia and constitutes major proportion (65%) in the country's fish 

production (Hussein Abegaz, 2015). In the aquaculture development efforts of Ethiopia, wild O. 

niloticus were collected from natural environments, especially from the Ethiopian Rift Valley lakes and 

stocked into ponds. In an attempt to select better performing strains for aquaculture, O. niloticus 

populations from different Ethiopian Rift Valley lakes showed different growth performances in pond 

culture. Daba Tugie et al. (2017) evaluated growth performances of four O. niloticus populations of 

Ethiopian Rift Valley lakes (Hawassa, Chamo, Koka and Ziway) in pond culture at Batu Fishery and 

other Aquatic Life Research Center where the Chamo population was found to grow significantly faster 

than others. Similar studies were conducted to evaluate the growth performances of O. niloticus 

populations of Ethiopian Rift Valley lakes in pond culture at different times for different experimental 

periods and found variations in growth performances (Kassaye Balkew and Gjoen, 2012; Daba Tugie et 

al., 2014) whereby the Koka and Ziway O. niloticus populations were mentioned as promising candidate 

populations for aquaculture development in Ethiopia compared to O. niloticus populations of Hora, 

Hawassa and Beseka lakes.  

The three lakes, Chamo, Koka and Ziway are geographically isolated (Figure 1); situated in different 

sub-drainage basins: Abaya-Chamo, Ziway-Shala and Awash Basins, respectively, all within the 

Ethiopian Rift Valley (Tenalem Ayenew, 2009). Lake Chamo has more diversified ichtyo-fauna than 

other lakes in Ethiopia except Lake Abaya. There are six important fish species for the fishery in Lake 

Chamo. These, according to LFDP (1997) are Nile perch (Lates niloticus), O. niloticus, labeo (Labeo 

horie), African catfish (Clarias gariepinus), Bagrus (Bagrus docmak) and labeobarbus (Labeobarbus 

intermedius), of which O. niloticus, L. niloticus and C. gariepinus were numerically the three dominant 

species in the fish landings (Zerihun Dejene, 2008). 
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Lake Koka harbors three commercially important fish species: the Nile tilapia (O. niloticus), common 

carp (Cyprinus carpio) and African catfish (Clarias gariepinus) where O. niloticus were found in 

healthy state, C. gariepinus have shown signs of growth overfishing and C. carpio have shown under 

exploitation (Gashaw Tesfaye and Wolff, 2015). 

Indigenous fish species such as O. niloticus, Labeobarbus (Labeobarbus intermedius), straightfin barb 

(Enteromius paludinosus) and Garra (Garra dembecha), and introduced fish species such as African 

Catfish (Clarias gariepinus), Crucian carp (Carassius carassius), Common carp (Cyprinus carpio) and 

the red-belly tilapia, Tilapia zillii (Coptodon zillii) are found in Lake Ziway (Megerssa Endebu et al., 

2015). Among these species, O. niloticus, African catfish, Crucian carp and Common carp are 

commercially important ones. According to Megerssa Endebu et al. (2015), the current annual fish 

production from Lake Ziway is declining in general and the proportion of O. niloticus declined 

tremendously in particular, from 94% of the catch from the lake in 1984, to 89.3% in 1994, 50.9% in 

2010, 42% in 2013 and finally to 31% in 2014 in exploratory survey. 

Aquatic environment of the three lakes in terms of their basic morphometric features, altitude, water 

quality parameters and fish species diversity are different (Brook Lemma and Hayal Desta, 2016). Under 

these different environmental conditions of the three lakes, the O. niloticus are expected to develop 

different phenotypic and genetic characters. 

Phenotypic variation is wide in organisms spread in different geographical locations, and often involves 

ecologically relevant behavioral, physiological, morphological and life history traits. Phenotypic 

plasticity can be inclusively defined as the production of multiple phenotypes from a single genotype, 

depending on environmental conditions (El-Zaeem et al., 2012).  

Characterization of the O. niloticus population helps in utilization of the resource in aquaculture, and 

further contributes to protect the population in their natural environment. Hence, the objective of the 

present study was to investigate desired culture characteristics of O. niloticus of the three Rift Valley 

lakes in order to improve their productivity in aquaculture system with specific objective of 

characterizing the O. niloticus populations of Chamo, Koka and Ziway Lakes based on their phenotypic 

characters. 



 

39 
 

3.2 Materials and methods 

3.2.1 Administration of fishing activities in the study areas 

The fish were sampled from three Ethiopian Rift Valley lakes: Chamo, Koka and Ziway Lakes (Figure 

2) from May, 2018 to March 2019. These water bodies were selected for their targeted O. niloticus 

populations to be used in the development of aquaculture in Ethiopia. 

Lake Chamo is situated within Gamo Zone of South Nations Nationalities and Peoples (SNNP) Region 

in Southern Ethiopia. The Lake borders Nech Sar National Park in its North and North-eastern part. 

Organized fishery cooperatives are harvesting fish from the lake using gillnet and longlines, targeting 

the fish species like Bagrus (Bagrus docmak), O. niloticus, Nile perch (Lates niloticus) and African 

catfish (Clarias gariepinus). Relatively fishery of Lake Chamo is under close supervision of government 

and the local community; at least unauthorized fishermen are denied access to the lake, though the 

authorized are using the forbidden illegal fishing gears like monofilament nets. The lake shore and the 

watershed area of Lake Chamo are relatively well covered with vegetation. 

Lake Koka is located between East-Shoa and Arsi administrative Zones of Oromia Region in Central 

Ethiopia. The lake is within the watershed area of larger towns including Addis Ababa, Dukem, 

Bishoftu, Modjo and Koka with notable municipal and industrial wastes. There are many small and 

larger irrigation farms around the lake. Fishermen cooperatives are organized into different groups 

according to their administrative districts and harvest fish; O. niloticus, common carp, C. carpio, and 

African catfish, C. gariepinus (Gashaw Tesfaye and Wolff, 2015). The fishermen use gillnets and 

longlines. Fishing activity stops in some parts of the lake (especially in northern part) during the late dry 

season. Level of the lake highly changes seasonally that the shore line of the lake has no definite 

boundary. As a consequence, shore-vegetation is not well established in Lake Koka. 

Lake Ziway (also locally known as Lake Danbal) is located in between East-Shoa and Arsi 

administrative Zones of Oromia Region in Ethiopia. Several small scale and large scale horticultural 

farms are found in the periphery of the lake and along its inlet rivers. Natural wetland vegetation are 

found in majority of the lake's periphery buffer the pollution but encroached for grazing, irrigation and 

other anthropogenic uses. Registered and organized fishermen cooperative members and unregistered 

fishermen in three administrative districts harvest fish from the lake using beach seines, gillnets and 
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longlines, targeting O. niloticus, C. carassius, C. carpio, and C. gariepinus (Megerssa Endebu et al., 

2015).  

The fish samples used in this study were collected from fish landing sites representing the fish catches 

from inlet region, middle of the lake and outlet region of each lake. The landing sites are called Leto-1, 

Leto-2 and Elgo for Lake Chamo; Awash, Metoaleka and Bekele for Lake Koka and Golbe-Tsedecha, 

Meki-Girisa, Batu-Bochesa for Lake Ziway. 

3.2.2 Data collection 

Fish samples were collected during four seasons: pre-rainy season, main rainy season, post rainy season 

and dry season from three regions of the lakes to represent the spatial and temporal distribution of the 

fish. The samples were obtained from fishermen at the landing sites on arrival through facilitation of the 

cooperative chairpersons. The data were collected for two years 'seasonally', from May 2018 to March 

2020. The data collection periods were classified into four 'seasons' in a year as pre-rainy season, main 

rainy season, post-rainy season and dry season, represented by sampling months of May, July-August, 

October-November and February-March, respectively for Lakes Koka and Ziway in this study. The rain 

distribution and season in the three study areas differ; whereby the main rainy season is during the 

months of June, July and August at Lakes Koka and Ziway while it is during April and May at Chamo 

Lake. Moreover, October-November months are characterized as season of short rain at Chamo. 

Accordingly, the data months of May, July-August, October-November and February-March represent 

the 'seasons' of main rainy season, post-rainy season, short-rain season and dry/pre-rainy season, 

respectively at Lake Chamo. 

3.2.3 Phenotypic characterization of O. niloticus  

Morphometric characters and meristic counts (Table 9) were recorded within each population from at 

least 50 fish per study site as described in El-Zaeem (2012).  
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Table 9. Morphometric and meristic characters of O. niloticus populations of Lakes Chamo, Koka and 

Ziway 

A. Morphometric analysis 

 Characters Acronyms  Characters Acronyms 

Total length 

Standard length 

Head length  

Body depth  

Body width  

Head width  

Abdomen length  

Orbit diameter  

Pre-orbital length  

Post-orbital length  

Trunk length  

Pelvic fin length  

Anal fin base length 

Caudal fin length   

TL  

SL  

HL  

BD  

BW  

HW  

AL  

OD 

Pr-OL  

Po-OL 

TrL 

Pel FL 

AFBL 

CFL 

Caudal peduncle length 

Caudal peduncle width  

Caudal peduncle depth  

Pectoral fin length  

Dorsal fin base length  

Pelvic fin base length  

Length of longest dorsal fin spine  

Length of last dorsal fin spine 

Length of longest dorsal fin ray  

Length of last dorsal fin ray   

Length of longest anal fin spine  

Length of first anal fin spine  

Length of longest anal fin ray  

Length of last anal fin ray   

CPL  

CPW 

CPD 

Pec FL 

DFBL 

Pel FBL 

LLoDFS 

LLaDFS 

LLoDFR 

LLaDFR 

LLoAFS 

LFiAFS 

LLoAFR 

LLaAFR 

B. Meristic analysis 

 Characters Acronyms  Characters Acronyms 

Dorsal fin spines count  

Dorsal fin rays count  

Pelvic fin spines count  

Pelvic fin rays count  

DFSC  

DFRC  

Pel FSC 

Pel FRC 

Pectoral fin rays count  

Anal fin spines count  

Anal fin rays count  

Caudal fin rays count  

Pec FRC 

AFSC 

AFRC  

CFRC 
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Along with the morphometric measurements, weight (TW) of each specimen was measured to the 

nearest 0.1 g. At least 150 fishes per lake were assessed. Condition factor of each fish was measured 

using the following equation: 

K= 100 (TW/TL
3
) (Lagler, 1956) 

Where, K = Fulton’s condition factor 

TW = total weight in grams 

TL = total length in centimeter 

The fish were characterized based on the morphometric and meristic parameters. Values for the 

quantitative traits of the populations were expressed as mean and standard deviation as mean ± SD. 

Differences in mean values of the traits between the populations were analyzed in one-way analysis of 

variance (ANOVA) at significance level of p ≤ 0.05 using Tukey's mean separation method.  

3.3 Results  

In this phenotypic characterization, morphometric character indices, meristic counts, total weight, total 

length, standard length and fish condition factor were analyzed from a total of 450 samples: 150 fish 

samples for each of the populations (Table 10). The standardized morphometric character indices and 

meristic counts for each of the O. niloticus population were analyzed and the differences in the mean 

values among the populations were shown in superscript letters for witch values with different 

superscript letters in each row are statistically significantly different (p ≤ 0.05). The mean total weight 

(g), mean total length (mm), mean standard length (mm) and condition factor of the commercial catch of 

O. niloticus populations of Lakes Chamo, Koka and Ziway were presented in Table 10. The mean values 

of the parameters, as indicated with different superscript letters, were statistically different between the 

populations with Lake Chamo O. niloticus population having the highest vales in the weight and length 

parameters, while Lake Koka O. niloticus population found to have the highest mean value in condition 

factor (F). 

The differences in mean total weight (g) and mean total length (mm) between the populations can easily 

be recognized when presented graphically (Figure, 5) whereby Lake Chamo O. niloticus population 

scored highest mean weight (412.24 ± 218.21 g) and total length (27.81 ± 4.79 cm) which differed 

significantly (p ≤ 0.05) from similar parameters of populations of Lakes Koka and Ziway. 
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Table 10. Means and standard deviations of quantitative phenotypic traits based on morphometric 

character indices and meristic counts 

Characters 

Population 

Chamo Koka Ziway 

Morphometric indices  
  

HL/SL 0.324 ± 0.02
a
 0.312 ± 0.01

b
 0.324 ± 0.02

a
 

BD/SL 0.392 ± 0.02
a
 0.360 ± 0.02

c
 0.370 ± 0.02

b
 

BW/SL 0.158 ± 0.01
b
 0.170 ± 0.01a 0.167 ± 0.02

a
 

HW/HL 0.550 ± 0.03 0.559 ± 0.03 0.553 ± 0.10 

AL/SL 0.302 ± 0.02
b
 0.314 ± 0.03

a
 0.304 ± 0.02

b
 

OD/HL 0.209 ± 0.03
b
 0.220 ± 0.03

b
 0.249 ± 0.09

a
 

Pr-OL/HL 0.320 ± 0.03 0.287 ± 0.03 0.312 ± 0.24 

Po-OL/HL 0.497 ± 0.03
a
 0.493 ± 0.03

a,b
 0.484 ± 0.09

b
 

TrL/SL 0.681 ± 0.03
c
 0.710 ± 0.02

a
 0.690 ± 0.06

b
 

PelFL/SL 0.257 ± 0.02
b
 0.273 ± 0.05

a
 0.263 ± 0.02

b
 

AFBL/SL 0.194 ± 0.01
a
 0.195 ± 0.01

a
 0.182 ± 0.01

b
 

CFL/TL 0.200 ± 0.01 0.201 ± 0.01 0.203 ± 0.11 

CPL/TL 0.119 ± 0.01
a
 0.113 ± 0.01

b
 0.120 ± 0.01

a
 

CPW/TL 0.040 ± 0.00
b
 0.044 ± 0.01

a
 0.040 ± 0.01

b
 

CPD/TL 0.105 ± 0.01
a
 0.098 ± 0.01

b
 0.096 ± 0.01

b
 

PecFL/SL 0.365 ± 0.02
a
 0.342 ± 0.04

b
 0.359 ± 0.02

a
 

DFBL/SL 0.598 ± 0.03
b
 0.622 ± 0.06

a
 0.601 ± 0.03

b
 

PelFBL/SL 0.056 ± 0.01
a
 0.052 ± 0.01

c
 0.055 ± 0.01

b
 

LLoDFS/SL 0.156 ± 0.01
a
 0.141 ± 0.02

c
 0.149 ± 0.01

b
 

LLaDFS/SL 0.156 ± 0.01
a
 0.141 ± 0.02

c
 0.149 ± 0.01

b
 

LLoDFR/SL 0.250 ± 0.03
a
 0.224 ± 0.03

b
 0.217 ± 0.02

c
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LLaDFR/SL 0.077 ± 0.01
b
 0.082 ± 0.01

a
 0.080 ± 0.01

a
 

LLoAFS/SL 0.151 ± 0.01
a
 0.138 ± 0.02

b
 0.149 ± 0.02

a
 

LFiAFS/SL 0.064 ± 0.01
a
 0.050 ± 0.01

c
 0.056 ± 0.01

b
 

LLoAFR/SL 0.226 ± 0.02
a
 0.221 ± 0.03

b
 0.215 ± 0.01

c
 

LLaAFR/SL 0.075 ± 0.01
b
 0.081 ± 0.01

a
 0.076 ± 0.01

b
 

Meristic counts 
   

DFSC 16.59 ± 0.49
b
 16.82 ± 0.39

a
 16.85 ± 0.37

a
 

DFRC 12.29 ± 0.49
a
 12.21 ± 0.41

a
 12.09 ± 0.46

b
 

Pel FSC 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 

Pel FRC 5.00 ± 0.00 5.00 ± 0.00 5.00 ± 0.00 

Pec FRC 13.06 ± 0.35
a
 12.63 ± 0.51

b
 12.42 ± 0.56

c
 

AFSC 3.00 ± 0.00 3.00 ± 0.00 3.00 ± 0.00 

AFRC 9.29 ± 0.47
b
 9.53 ± 0.54

a
 9.48 ± 0.51

a
 

CFRC 17.46 ± 0.88
b
 17.23 ± 0.98

c
 17.93 ± 0.61

a
 

TW(g) 412.24 ± 218.21
a
 259.17 ± 87.65

b
 115.13 ± 47.14

c
 

TL(mm) 278.15 ± 47.89
a
 239.00 ± 26.35

b
 184.43 ± 24.61

c
 

SL(mm) 225.63 ± 41.73
a
 191.74 ± 22.26

b
 149.44 ± 20.59

c
 

Condition factor 

(K) 
1.78 ± 0.16

b
 1.83 ± 0.22

a
 1.75 ± 0.14

b
 

Note, values with different superscript in a row are significantly different at 95% confidence interval. 
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Figure 5. Mean ± SD of total weight (gm) and TL (mm) of O. niloticus populations of Lakes Chamo, 

Ziway and Koka. 

The physical appearance of the fish were also different in which O. niloticus population of Lake Chamo 

appeared to be robust and vigor in size; while that of Lake Koka were medium sized, fat fish. Lake 

Ziway population was dominated by thinner and smaller sized fish (Figure 6). 

 

 

 

 
Figure 6. Samples of O. niloticus from Lakes Chamo (left), Koka (middle) and Ziway (right). 
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3.4 Discussion 

Based on the morphometric character indices, Lake Chamo O. niloticus population were characterized 

by highest mean weight (412.24 ± 218.21 g), total length (27.81 ± 4.79 cm) and standard length (22.56 ± 

4.17 cm), which differed significantly (p ≤ 0.05) from similar parameters of populations of Lakes Koka 

and Ziway. The current mean total length of O. niloticus population of Lake Chamo is within the range 

of 19 - 43 cm length reported by Zerihun Dejene (2008). The Chamo population have also scored 

highest morphometric character indices of BD/SL, CPD/TL, Po-OL/HL, PelFBL/SL, LLoDFS/SL, 

LLaDFS/SL, LLaDFR/SL, FiAFS/SL, LLoAFR/SL and highest record of meristic character in PecFRC 

in which all the characters differed significantly (p ≤ 0.05) from the mean values measured from the 

populations of Lakes Koka and Ziway. However, the population in Lake Chamo scored significantly (p 

≤ 0.05) lowest mean values of BW/SL, TL/SL and LLaDFR/SL from morphometric indices, and DFSC 

and AFRC from meristic characters (Table 10).  

Generally, O. niloticus  population from Lake Chamo were found to be larger in total length and weight 

(Figure 4), shorter at trunk region with respect to their standard length, dorso-vetrally deep, laterally 

compressed in body form (Figure 5) as compared to other populations. They also had longest pre-orbital 

region, dorsal and anal fins as indicated in their morphometric indices (Table 10).  

Lake Koka O. niloticus populations scored mean weight of 259.17 ± 87.65 g, mean total length of 23.90 

± 2.63 cm and standard length of 19.17 ± 2.22 cm. These mean values for Koka population were 

significantly (p ≤ 0.05) lower than that of Chamo population but higher than that of Ziway population 

(Table 10). A mean total length that a fish of a given stock would reach if they were to grow indefinitely 

(L∞) was estimated to reach 44.5 cm for the O. niloticus population of Koka (Gashaw Tesfaye and 

Wolff, 2015) and 28.1 cm for the O. niloticus population of Ziway (Gashaw Tesfaye, 2006). The size 

differences between the population means in the current result agrees with the above reports. 

Highest mean score of Fulton’s condition factor (K) was obtained in population of Lake Koka (1.83) and 

the value differed significantly (p ≤ 0.05) from that of the populations of Lakes Chamo (1.78) and Ziway 

(1.75). The average K values of O. niloticus were reported to vary over time; 1.87 for Koka population 

(Gashaw Tesfaye and Zenebe Tadesse, 2008) and 1.89 (Zenebe Tadesse, 1988) and 1.81 (Gashaw 

Tesfaye and Zenebe Tadesse, 2008) for Ziway and 2.35 for Chamo (Yirgaw Teferi and Demeke 

Admassu, 2002). 
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The population of Lake Koka scored highest morphometric character indices of AL/SL, TL/SL, 

DFBL/SL, CPW/TL, PelFL/SL and LLaAFR/SL but lowest mean values of HL/SL, BD/SL, CPL/TL, 

PecFL/SL, PelFBL/SL, LLoDFS/SL, LLaDFS/SL, LLoAFS/SL, and LFiAFS/SL which were 

significantly different (p ≤ 0.05) from that of Lakes Chamo and Ziway populations (Table 10). As 

compared to populations of Lakes Chamo and Ziway, the Lake Koka O. niloticus population were 

generally found to have longer trunk region, laterally wide (fat), not dorso-ventrally deep,  with shorter 

head and fin spines (Figure 3).  

Lake Ziway O. niloticus population were significantly (p ≤ 0.05) lower in their mean total weight 

(115.13 ± 47.14 g), mean total length (18.44 ± 2.46 cm) and standard length (14.94 ± 2.06 cm) than the 

Lakes Chamo and Koka populations. The population had also lowest morphometric character indices of 

LLoDFR/SL, AFBL/SL, LLoAFR/SL and the lowest meristic counts of dorsal and pectoral fin rays 

which were significantly (p ≤ 0.05) different from mean values observed in Lakes Chamo and Koka 

populations. However, the population scored the highest mean value of OD/HL morphometric character 

index and the highest mean caudal fin ray count and differed significantly from that of Lakes Chamo 

and Koka. Generally, O. niloticus population of Lake Ziway were relatively smaller in size, have shorter 

dorsal fin rays and wider orbit diameter with respect to their head length (Figure 5). 

Morphometric characters in fish have been demonstrated to be influenced by environmental factors 

(Robinson and Wilson, 1995). Chamo and Ziway are natural lakes while Koka is an artificial lake 

constructed for hydro-electric power generation. Aquatic environment of the three lakes in terms of their 

basic morphometric features, altitude, water quality parameters and fish species diversity are different 

(Brook Lemma and Hayal Desta, 2016). The O. niloticus populations of the three lakes are accordingly 

isolated for centuries and developed different morphometric characters (Table 10) to adapt to their 

corresponding environmental conditions.  

Fulton's condition factor (K), which indicates the nutritional level and status of the fish over time, might 

be greatly influenced by environmental factors. The higher Fulton's condition factor (K), observed in O. 

niloticus population of Lake Koka in the current study could be due to a function of better food 

availability in artificial reservoirs than in natural lakes. Though the degree vary from lake to lake, 

anthropogenic impacts such as pollution due to silt and nutrient load from watershed areas, municipal 

waste, industries (tannery, flower culture), water level fluctuation and fishing pressures have directly or 
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indirectly affected the fish community in the lakes (Lemma Abera, 2016). Floodplains associated with 

the reservoirs are generally known to be most productive aquatic ecosystems. The K value of O. 

niloticus population of Lakes Chamo, Koka and Ziway varied over time based on environmental 

changes (Zenebe Tadesse, 1988; Yirgaw Teferi and Demeke Admassu, 2002; Gashaw Tesfaye and 

Zenebe Tadesse, 2008).  

Phenotypic adaptations of fish to their environment do not necessarily cause a change in genetic 

constitutions of the population (Allendorf, 1988) and hence phenotypic differences among populations 

cannot usually be taken as evidence of genetic differentiation. However, the O. niloticus populations of 

the three lakes are isolated perhaps, for the last 5000 years when major lakes' lowering occurred 

(Benvenuti et al., 2002) that development of genetic differences among the populations is most likely. In 

genetic analysis using total mtDNA digestions, Seifu Seyoum and Kornfield (1992) grouped O. niloticus 

of Ethiopia into different subspecies:  O. n. cancellatus (Awash basin), O. n. filoa (Sodore hot springs), 

O. n. tana (Tana population). Later, Agnese et al. (1997) using allozyme, clustered natural populations 

of O. niloticus in the Ethiopian Rift Valley (Lakes Ziway, Hawassa, Koka and Sodore hot springs) in 

one group and populations of Tana, Nile, Kenya in other group. The authors considered the subspecies 

classification made by Seifu Seyoum and Kornfield (1992) was premature. According to the species 

clustering of Agnese et al. (1997), the O. niloticus of Lake Chamo can be related to the Kenyan and Nile 

group since the Abaya-Chamo basin had previous connection to the Chew Bahir and Turkana Lakes in 

northern Kenya. 

In a study of phylogenetic differentiation of wild and cultured O. niloticus populations based on 

phenotype and genotype analysis, El-Zaeem et al. (2012) reported that phenotype analysis based on a 

large number of morphometric character indices and meristic counts can be used to discriminate fish 

populations up to the intraspecific level with the same results as the genotype analysis based on random 

amplified polymorphic DNA (RAPD) fingerprinting. Hence, the differences observed in phenotypic 

characters of the three O. niloticus populations in the present study based on the analysis made using 26 

morphometric character indices, 8 meristic counts and four other morphometric characters indicates that 

the differences have also potential genetic bases.  
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3.5 Conclusions and recommendations 

Based on the parameters considered for characterization, O. niloticus populations of Lakes Chamo, 

Koka and Ziway differed in many phenotypic characters in their natural environments. As desired 

characters in aquaculture production, O. niloticus population of Lake Chamo had higher mean weight 

and length than population of Lake Koka followed by population of Lake Ziway.  

The phenotypic characters are governed by genetic and/or environmental factors. Thus, it is important to 

confirm whether the populations could maintain these characters when grown under controlled 

environments. 
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Chapter Four 

_________________________________________________________________________________ 

4 Reproductive characters of O. niloticus populations of three Ethiopian Rift 

Valley lakes 

4.1 Introduction 

The current Ethiopian fish production potential estimates using empirical models from its inland 

fisheries is about 94,500t per year, of which 73,100t from lentic (lakes, reservoirs and ponds) and about 

21,400t from lotic (rivers) ecosystems (Gashaw Tesfaye and Wolff, 2014). The majority of the 

Ethiopian lakes are confined within the Rift Valley that extends from the Kenyan border in the south to 

the Afar depressions in the north, with the major lakes including Beseka/Metahara, Ziway, Langano, 

Abijata, Shala, Hawassa, Abaya and Chamo (Tenalem Ayenew, 2009). Fish productions in the country 

are mainly artisanal and commercial fisheries are concentrated to Lakes Tana, Chamo, Hawassa, Ziway 

and Turkana (Abebe Getahun, 2017); where all these lakes except Tana are found in the Rift Valley.  

Indigenous to Ethiopia, O. niloticus is among the commercially important fish species contributing from 

61% - 90% of the total landings in the Rift Valley lakes (reviewed in Gashaw Tesfaye and Zenebe 

Tadesse, 2008). The national fish production report which sometimes inter-mix the catch data of 

different species together, estimates proportion of O. niloticus to 65% of the country's fish production 

(Hussein Abegaz, 2015). 

The fish is among the most studied group of fish in the country due to its economic importance and its 

different biological properties in different natural and manmade environments. The studies so far 

undertaken covered their length weight relationship, reproductive and feeding biology (Yirgaw Teferi 

and Demeke Admassu, 2002; Gashaw Tesfaye and Zenebe Tadesse, 2008; Lemma Abera, 2012; 2013; 

Workiyie Worie and Abebe Getahun, 2014; Endalh Mekonnen et al., 2018; Yirga Enawgaw and Brook 

Lemma, 2018; Assefa Tessema et al., 2019), gear selectivity against maturity (Mathewos Hailu, 2014; 

Gashaw Tesfaye et al., 2016) and their maximum sustainable yield in fishery stock assessment (Gashaw 

Tesfaye and Wolff, 2015; Yitayal Alemu et al., 2017; Buchale Shishitu, et al., 2019). However, 

comprehensive investigations regarding reproductive characters of the populations were not conducted 
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so as to use the information for proper fishery management and also as basic information for genetic 

improvement in aquaculture development.  

Environmental factors affect growth performances and reproductive characters of O. niloticus 

populations in the process of adapting to different environments (Lowe-McConnell, 1982; Duponchelle 

et al., 1998; Dwivedi et al., 2016), though O. niloticus tend to breed throughout the year in tropical 

region. Aquatic environments of the three rift valley lakes (Chamo, Koka and Ziway) in terms of their 

basic morphometric features, altitude, water quality parameters and fish species diversity are different 

(Tenalem Ayenew, 2009; Brook Lemma and Hayal Desta, 2016). Under these different environmental 

conditions of the three lakes, the O. niloticus populations are expected to develop different phenotypic 

and genetic characters. Phenotypic variations are wide in organisms spread in different geographical 

locations, and often involve ecologically relevant behavioral, physiological, morphological and life 

history traits. Phenotypic character differences were observed between the O. niloticus populations of 

Chamo, Koka and Ziway in a study made parallel to this one (Megerssa Endebu et al., 2021a). 

In an effort to develop the aquaculture sector in Ethiopia, seeds of O. niloticus were collected from 

natural environments, especially from the Ethiopian Rift Valley lakes to stock aquaculture ponds. 

Moreover, in an attempt to select better performing strains for aquaculture, O. niloticus populations from 

different Ethiopian Rift Valley lakes were evaluated for their growth performances. The O. niloticus 

populations from different Ethiopian Rift Valley lakes: Chamo, Hawassa, Hora, Koka, Metahara and 

Ziway showed different growth performances in pond culture (Kassaye Balkew and Gjoen, 2012; Daba 

Tugie et al., 2014; Daba Tugie et al., 2017) whereby the Chamo, Koka and Ziway strains were reported 

to have performed better. 

Investigations on biological parameters such as length-weight relationship, condition factor and size at 

first sexual maturity are the easiest means of determining the stress of fishing pressure and water 

pollution on fish populations (Gupta and Tripathi, 2017). Studies on breeding season and associated 

factors are needed to protect new recruits and predict recruitment variability. Number of recruitment in 

fish stock depends on availability of sexually mature fishes in the water bodies (LFDP, 1997; Tesfaye 

Muluye et al., 2016). 

Characterization of the O. niloticus population helps in utilization of the resource in aquaculture, and 

further contributes to protect the population in their natural environments. Hence, the aim of the present 

study was to investigate the reproductive characteristics of the O. niloticus of Rift Valley lakes with 
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specific objective of investigating sex ratios, breeding season, size at first sexual maturity and fecundity 

of the O. niloticus populations of Lakes Chamo, Koka and Ziway as an input for proper fishery 

management and indication of their reproductive quality in aquaculture development. 

4.2 Materials and Methods 

4.2.1 Study areas 

This study was conducted in three Ethiopian Rift Valley lakes: Chamo, Koka and Ziway (Figure 1) from 

May 2018 to April 2020. These water bodies were selected for their significant contribution in the 

fishery production and O. niloticus populations were targeted as these are candidate fish species in the 

development of aquaculture in Ethiopia. 

Sites for data collection and fish landing from each lake were purposely selected to represent the fish 

catches from inlet region, middle of the lake and outlet region. The landing sites are called Leto-1, Leto-

2 and Elgo for Lake Chamo; Awash, Metoaleka and Bekele for Lake Koka and Golbe-Tsedecha, Meki-

Girisa, Batu-Bochesa for Lake Ziway. Fish samples were collected seasonally from three landing sites 

per lake from the three lakes. 

4.2.2 Data collection 

Fish samples were sampled from fishermen (considering different fishing gears and different setting 

times) at the landing sites on arrival through facilitation of the cooperative chairpersons. The data were 

collected for two years 'seasonally', from May 2018 to March 2020. The rain distribution and season in 

the three study areas differ; whereby the main rainy season is during the months of June, July and 

August around Lakes Koka and Ziway while it is during April and May around Chamo Lake. Moreover, 

October-November months are characterized as season of short rain at Chamo. Accordingly, the data 

collection periods were classified into four 'seasons' in a year. The months of May, July-August, 

October-November and February-March represent the 'seasons' of main rainy season, post-rainy season, 

short-rainy season and dry/pre-rainy season, respectively at Lake Chamo. For Lakes Koka and Ziway, 

the pre-rainy season, main rainy season, post-rainy season and dry season were represented by sampling 

months of May, July-August, October-November and February-March, respectively in this study. 
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4.2.3 Sex ratio determination 

A total of 1,547 random fish samples from the three lakes were used in sex ratio determination. At least 

30 to 40 fish samples per landings were sampled every time as a minimal sample size to represent the 

normally distributed population for statistical computation, except when there was no/less fishing in 

some landing sites because of 'lake drying' as in Bekele landing site of Lake Koka for the month of May 

or increasing of Lake level (prohibiting the fishermen to set nets), and coinciding with busy crop 

cultivation period.  

The samples were immediately taken to temporary shed or processing shed (at Lakes Chamo and Koka) 

or to fishery lab in the case of Lake Ziway for data (sex, length, weight) collection. Sex identification of 

O. niloticus was made by visual observation into their genital papilla and observation of gonads after 

dissecting their abdomen. The proportion of females and males in the samples was calculated (Zar, 

1999) after recording the frequencies of the sexes in each of the lakes in every sampling season. Sex 

ratio was expressed as Female:Male and tested against an expected ratio of 1:1 using the chi-squared test 

at p-value of 0.05.  

4.2.4 Length at first sexual maturity 

Lengths of the sampled fish were measured on a portable measuring board of 50 cm length graduated at 

0.1 cm level. Total length (TL) of the fish was measured to the nearest 0.1 cm from all sampled fish. 

Fish total weight (TW) was measured to the nearest 0.1g using a sensitive balance, LD610-2, 

Max=610g, d=0.01g.  

The L50 is the onset of sexual maturity at which 50% of the fish have reached sexual maturity. The 

female's and male's gonad maturity stages were identified based on macroscopic gonadal maturation 

stages (Holden and Raitt, 1974; Abebe Getahun, 2017) whereby the female's gonad classified into five 

maturity stages and that of males into four stages. The five stages in ovaries classified as immature, 

maturing, ripe, spent or resting. The male's four gonad maturity stages are classified as immature, 

maturing, ripe or spent. 

Based on the maturity stages, the fish were grouped into immature (maturity stage-I and stage-II) and 

mature (maturity stage- III and above). The relationship between the percentage of mature fish (P) per 

length class and fish total length (L in cm) was described with a logistic curve and L50 was estimated 

according to Gunderson et al. (1980):  
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Where "P" is proportion of mature fish at specific length class; "L" is total length; "a" and "b" are model 

parameters (a, intercept and b, slope of the logistic regression). The L50 was derived from the 

relationship of "a" and "b".  

     
 

 
 

4.2.5 Gonado-Somatic Index 

Data for gonado-somatic index (GSI) of the fish, which helps in determination of the breeding season, 

were collected by weighing the fish samples, dissecting the sample and taking its gonad weight both for 

females and males in each of the study site. The GSI was analyzed only for mature fish groups after the 

L50 was determined (Demeke Admassu, 1996) for each sex for all the three lakes.  

The GSI of each fish was computed as the weight of the gonads as the percentage of the total body 

weight using the following formula:  

      
       

      
       

4.2.6 Fecundity estimation  

The data for fecundity was taken from ripe gonads. After taking the ripe females' total length, total 

weight data, the females were dissected and their gonads weighed. Sub sample were taken from the 

gonad and fecundity was determined by gravimetric method (Abebe Getahun, 2017) by counting all 

eggs in the sub samples taken from ripe ovaries. Absolute fecundity was then calculated using the 

following formula. 

              
                                        

                    
    

The relationships between absolute fecundity and female's morphometric measurements, and total length 

(TL), total weight (TW) and gonad weight (GW) were determined using least squares regression. 

  F= aTL
b
,  F= aTW

b
,  F= aGW

b
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Where a and b are parameters of the fitted lines, TL is total length of fish in cm; TW is total weight of 

fish in grams and GW is gonad weight in grams. 

One way ANOVA was employed to investigate differences in mean total lengths, mean weights of 

fishes among commercial catches of the populations; and mean Gonado-somatic index (GSI) of the fish 

between sampling months at the three lakes.  

4.3 Results 

4.3.1 Sex ratios 

The two years' sampling results were grouped into four seasons, October-November, February-March, 

May and July-August months for each lake. The sex ratios of O. niloticus were expressed as Female: 

Male =1 (Table 11).  

Table 11. Sex ratios of O. niloticus from Lakes Chamo, Koka and Ziway 

Lakes F:M N Chi-square p-Value 

Chamo 1.05:1.00 361 0.224 0.636 

Koka 0.99:1.00 494 0.008 0.928 

Ziway 1.07:1.00 692 0.576 0.448 

 

When the results were tested by Chi-square test, the sex ratios of Female:Male in all the three lakes did 

not significantly deviate from the expected 1:1 ratio. 

4.3.2 Length at first sexual maturity (L50) 

The length at first sexual maturity (L50) of females and males were not significantly different for the O. 

niloticus populations of Lakes Chamo and Koka in which the L50 was derived from mixed sexes (Table 

12). However, the females and males had exhibited significantly different L50 in Lake Ziway. The L50 of 

O. niloticus for the three lakes differed as illustrated in Table-12 below. Fifty percent of the population 

of O. niloticus in Lakes Chamo and Koka reach sexual maturity for the first time at total lengths of 

23.48 cm and 21.91 cm, respectively (no significant differences between males and females) while the 
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L50 in Lake Ziway was 17.49 cm for males and 16.00 cm for females, values for sexes are significantly 

different. 

Table 12. Length at first sexual maturity (L50) of O. niloticus from Lakes Chamo, Koka and Ziway 

 

Chamo  

Mixed sex 

Koka  

Mixed sex 

Ziway 

Female 

Ziway 

Male 

L50 23.48 21.91 16.00 17.49 

95% CI 23.08:23.87 21.41:22.35 15.59:16.30 17.14:17.84 

 

Length at first sexual maturity (L50) where 50% of the population of O. niloticus reaches sexually 

mature for the first time was at total length (TL) of 23.48 cm in Lake Chamo (Figure 7a) for mixed sex; 

there was no significant difference between males and females. The L50 for mixed sex O. niloticus in 

Lake Koka was 21.91 cm (Figure 7b). The L50 values for female and male groups were significantly 

different in Lake Ziway where it was 16.00 cm for females (Figure 7c) and 17.49 cm for males (Figure 

7d). Distribution pattern of the proportion of mature fishes along the total length of the fishes was 

different for the populations in the different lakes. The smallest sexually mature female O. niloticus 

found were at size of 13.4 cm, 19.8 cm and 21.9 cm TL in Lakes Ziway, Koka and Chamo, respectively. 

Similarly, the smallest sexually mature male O. niloticus observed were at sizes of 14.7 cm, 20.0 cm and 

22.0 cm TL in Lakes Ziway, Koka and Chamo, respectively. 
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Figure 7. Length at first sexual maturity (L50) of O. niloticus in Lakes Chamo for mixed sex(a), Koka 

for mixed sex(b), Ziway female(c) and Ziway male(d). 

4.3.3 Gonado-somatic index 

The gonado-somatic index (GSI) of the O. niloticus species from Lakes Chamo, Koka and Ziway was 

analyzed separately for sexes in the four different sampling seasons. The mean GSI was relatively higher 

in October-November (short rainy season) and February-March (pre-rainy season) at Chamo Lake for 

both male and female sexes. The highest mean GSI for the females (Figure 8a) of Koka population was 

recorded in May (pre-rainy season) and in July-August (main rainy season) for males (Figure 8b). The 

relatively highest mean GSI was recorded both for females and males in February-March (dry season) 

for O. niloticus of Ziway population. 
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Figure 8. Mean Gonado Somatic Index of O. niloticus by the lakes (Chamo, Koka, Ziway) and seasons. 

 (Season= Oct-Nov, Feb-March, May, July-Aug) for female (a) and male (b) groups, Error bars represent the 

95% CI (Confidence Interval)). 

4.3.4 Fecundity 

Fecundity (number of ripening eggs in the ovaries of a female prior to the next breeding season) was 

calculated based on the egg samples taken from gonads of ripe females following standard procedures 

and presented in Table 13. The absolute fecundity ranged from 209 at Ziway to 1886 eggs per female at 

Chamo. The mean absolute fecundity was high for O. niloticus of Lake Chamo (1,322 eggs/female) 

followed by Lake Koka (1,147 eggs/female) and lowest for Lake Ziway (450 eggs/female).  

Table 13. Absolute fecundity of female O. niloticus from Lakes Chamo, Koka and Ziway 

Lake Chamo Koka Ziway 

Mean ± Std. 1321.76  ± 342.92 1146.89  ± 115.227 450.07  ± 180.829 

Minimum 739 962 209 

Maximum 1886 1357 800 
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Fecundity has a direct curvilinear relationship with the females' total length (TL), total weight (TW) and 

gonad weight (GW) from a pooled data of the three lakes O. niloticus populations. The relationship 

between absolute fecundity (F in eggs/female) and TL in cm was F = 0.409TL
2.4117

, R² = 0.908; F and 

TW in gram (g) was F = 10.186TW
0.8125

, R² = 0.9013; and between F and GW (g) was  F = 

118.9GW
0.9121

, R² = 0.8415. These relationships do not however characterize the three O. niloticus 

populations as these data are pooled. Rather, the graphs are simply to learn the relationship of the F 

(eggs/female) with females' TL, TW and GW.  

4.4 Discussion 

4.4.1 Sex ratio 

The sex ratios of O. niloticus in all the sampling seasons at the three lakes did not statistically deviate 

from the expected 1:1 ratios. Balanced sex ratios are expected in a wild O. niloticus population, though 

environmental sex determination was reported, the case by which the male ratio increases with 

temperature (Baroiller and Clota, 1998; Misikire Tessema et al. 2006). 

The current sex ratio results agree with the previous report from Lake Chamo (Yirgaw Teferi and 

Demeke Admassu, 2002). Sex ratios of O. niloticus samples can also deviate from the expected 1:1 ratio 

across seasons due to sexual segregation during spawning, fishing site and gear type (Demeke Admassu, 

1994; Assefa Tessema et al., 2019). Variations in sex ratios were also reported with more females than 

males at Lake Beseka (because of fish sampling using gillnet, for which females are more vulnerable 

than males in movement, Lemma Abera, 2013), Lake Hayq (Workiyie Worie and Abebe Getahun, 

2014), Lake Ardibo (Endalh Mekonnen et al., 2018) and males predominated over females at Lake Tana 

(Zenebe Tadesse, 1997), Lake Victoria (Njiru et al., 2006), Amerti Reservoir (Mathewos Hailu, 2014), 

Lake Hayq (Assefa Tessema et al., 2019) because of the sampling season, fishing site, fishing gear or 

drug pollution to the environment which potentially alter the sex ratio. 

4.4.2 Length at first maturity (L50) 

The length at first sexual maturity (L50) of the O. niloticus populations in the present study were 23.48 

cm, 21.91 cm, 17.49 cm and 16.00 cm (TL) for Lakes Chamo, Koka, Ziway (males) and Ziway 

(females), respectively (Table 12). The values were different for the three lakes with the highest for 

population of Lake Chamo and lowest for females of Lake Ziway. The present L50 values of the O. 
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niloticus populations were within the previous L50 report ranges from different lakes and reservoirs in 

the country; 14.0 cm for females and 17.0 for males in Lake Beseka (Senait Gebremeskel, 2015), 14.1 

cm and 20.3 cm for females and 17.8 cm and 20.8 cm for males in Lake Hawassa (Bjorklis, 2004 and 

Tesfaye Muluye et al., 2016, respectively), 18.9 cm for females and 21.5 cm for males in Amerti 

Reservoir (Mathewos Hailu, 2014), 19.5 cm in Lake Langano (Gashaw Tesfaye and Zenebe Tadesse, 

2008), 21cm in Lake Tana (Tesfaye Wudneh, 1998, Degsera Aemro et al., 2019), 21.8 cm for females 

and 24.5 cm for males in Finchaa reservoir (Fasil Degefu et al., 2012). The current L50 of the O. 

niloticus of Ethiopian Rift Valley lakes were lower than that of Lake Victoria, 30.81cm for females and 

34.5 cm for males (Njiru, 2006). The O. niloticus of Lake Victoria were reported to be increasing in 

catch proportion and became stable population with high proportions of mature fish likely because of 

declining stocks of predatory Nile perch and availability of suitable food; these suitable conditions might 

have favoured the fish to attain higher L50 values in the Lake (Njiru et al., 2008) unlike the stressful 

fishing pressures in Ethiopian Rift Valley lakes. 

The present L50 values of all the three O. niloticus populations were lower than the previous reports. The 

L50 for Chamo population decreased from 42.0 cm reported by Yirgaw Teferi and Demeke Admassu 

(2002) to the present result of 23.48 cm in a period of twenty years. The value for Koka population 

decreased but slightly, from 23.5 cm (Gashaw Tesfaye and Zenebe Tadesse, 2008) and 24.6 cm 

(Gashaw Tesfaye et al., 2016) to the present value of 21.91 cm in about five years. Similarly, the L50 of 

Ziway population decreased from 18.8 cm (Yirgaw Teferi and Demeke Admassu, 2002), and 19.6 cm 

for males and 18.1 cm for females (Gashaw Tesfaye and Zenebe Tadesse, 2008) to the present value of 

17.4 cm for males and 16.00 cm for females. The current decrease in L50 of O. niloticus populations in 

Lakes Chamo, Koka and Ziway may be attributed to the fishing pressure (Vijverberg et al., 2012) and 

change in the lakes environment (pollution, siltation, fish stock composition). 

Size at first sexual maturity is determined both by genetic and environmental factors, and it appears to 

be variable trait that stocks can adjust depending on demographic and environmental conditions 

(Gashaw Tesfaye and Zenebe Tadesse, 2008). Early sexual maturation negatively affects growth 

performance of the fish, influencing the quality and quantity of the fish product both in natural 

environments and in aquaculture conditions. The quantity and quality of fish product determines income 

of the fishermen as well as the profitability of the fish farm. Hence, the decrease in size at first 

maturation alarms the need for the implementation of proper and effective fishery and environmental 
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management measures to sustain the fishery of the lakes. On the other hand, the Chamo and Koka O. 

niloticus, with their relatively higher L50 values, become potential populations for further genetic 

improvement to enhance aquaculture development.  

4.4.3 Gonado-Somatic Index 

Gonado-somatic index (GSI) is used to determine the breeding season of the fishes. Females with ripe 

ovaries and males with ripe (larger, full and white) testes were observed in all the four sampling seasons 

but with different frequencies in all the three lakes implying that O. niloticus is breeding all year round. 

The mean GSI of O. niloticus from Lakes Chamo, Koka and Ziway were different for different sampling 

seasons (Figure 7).  

For Chamo population, the mean GSI were not statistically different among the four sampling seasons 

for females (p > 0.05); however, it was relatively higher (1.42 ± 1.05) in October-November (short rainy 

season) and 1.50 ± 1.09 in February-March (pre-rainy season) than the other two sampling seasons (1.07 

± 0.58 in May and 1.18 ± 1.02 in July-August). The mean GSI values for males during these two 

sampling seasons were significantly (p < 0.05) higher than the mean values recorded during the rainy 

season and post rainy season (Figure 7).  

For Koka population, the highest mean GSI value (2.11 ± 1.61) for females was recorded in May (pre-

rainy season) which was significantly higher (p < 0.05) than the lowest mean value recorded (0.78 ± 

0.88) in October-November (post-rainy season). The lowest mean GSI value for males was also 

recorded in the October-November sampling season, the value which was significantly lower (p < 0.05) 

than that of the other three sampling seasons (Figure 7).  

The relatively highest (mean ± standard deviation) GSI value of 1.60 ± 1.28 was recorded in February-

March (dry season) and the lowest value of 0.52 ± 0.44 in October-November (post-rainy season) for 

females of Ziway population. The males have similar peak patterns among the sampling seasons in the 

lake (Figure 7). The peak breeding season for Ziway was similar to that of Lake Hawassa (Demeke 

Admassu, 1996). 

The current result shows that O. niloticus populations of Chamo, Koka and Ziway breed all year round  

with relatively higher activity in different months in different lakes; peak activity in October-November 

and February-March in Chamo, in May in Koka and in February-March sampling season in Ziway. The 
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peak spawning usually coincides with the onset of the rainy season (Zenebe Tadesse, 1997; Lemma 

Abera, 2012). 

4.4.4 Fecundity 

The mean absolute fecundity of the O. niloticus populations in the present study was higher at Chamo 

(1,321.76 ± 342.92) followed by Koka (1,146.89 ± 115.23) and significantly lower (p = 0.00) than the 

two at Ziway (450.07 ± 180.83 eggs/female). The relationship between fecundity and some 

morphometric measurements of the females showed positive curvilinear relationship with total length (F 

= 0.409TL
2.4117

, R
2
 = 0.908), total weight (F = 10.186TW

0.8125
, R

2
 = 0.901) and gonad weight (F = 

118.908GW
0.9121

, R
2
 = 0.8415) for the pooled data; these relationships derived from pooled data do not 

represent the populations' reproductive character. The higher mean absolute fecundity values of females 

at Chamo and Koka corresponds to the higher mean total length (28.65 ± 3.72 cm, 25.33 ± 2.19 cm) and 

total weight (429.41 ± 342.92 g and 282.75 ± 159.52 g) of the females. Similarly, positive relationship 

of the fecundity with total length, total weight and gonad weight was reported for O. niloticus 

populations in different water bodies (Zenebe Tadesse, 1997; Dwivedi et al., 2016; Kausar et al., 2019). 

Generally, the differences observed in L50, breeding season and fecundity of the O. niloticus populations 

might be attributed to differences in the lakes' environment, sizes, bathymetry, physico-chemical and 

biological properties and fishing pressure (Tenalem Ayenew, 2009, Vijverberg, et al., 2012; Megerssa 

Endebu et al., 2015) and perhaps genetic differences between the isolated populations (Agnese et al, 

1997; Tibihika et al., 2020).  

4.5 Conclusions and recommendations   

In this study, the sex ratios, size at first sexual maturity, breeding season, absolute fecundity and the 

relationship of the fecundity with total length, total weight and gonad weight of O. niloticus populations 

of Lakes Chamo, Koka and Ziway were investigated.  

The populations showed similar and the expected 1:1 Female:Male sex ratios in their natural 

environments. The populations also showed different sizes at first sexual maturity (L50), with Chamo 

and Koka showing higher L50 than Ziway; the differences in L50 were attributed to environmental and/or 

genetic differences. All the current L50 values of the three populations decreased from previous reports 

especially in Lake Chamo; signs for increasing fishing pressures and environmental changes. 
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Breeding season of the O. niloticus populations, as determined from the Gonadosomatic index (GSI) 

gonads in four sampling seasons, was found to happen in all seasons in all the three lakes. However, the 

peak activities were different in the three lakes; peaks in October-November (short rainy season) and 

February-March (pre-rainy season) at Chamo Lake, in May (pre-rainy season) at Koka Lake and in 

February-March (dry season) at Ziway Lake. The peak breeding periods have a relation with onset of 

rain, whereby the three lakes have different annual rain distribution patterns. 

The mean absolute fecundity was highest for population of Lake Chamo (1,322 eggs/female) followed 

by Lake Koka (1,147 eggs/female) and lowest for Lake Ziway (450 eggs/female). Fecundity correlated 

strongly with the females' total length and total weight, and slightly with gonad weight. These 

differences in sizes which also determine their fecundity, could be environmental and/or genetic. 

The current decreases in the reproductive parameters of the O. niloticus populations from the previous 

reports indicate the decrease in the quality and in turn the quantity of the fish stocks, challenging the 

sustainability of the fisheries. Implementation of sustainable fishery management and environmental 

protection practices in the lakes and their watersheds are required. Lake Chamo O. niloticus population 

followed by Lake Koka, possessed better reproductive quality in aquaculture production with higher L50 

and absolute fecundity and are potential populations for further genetic improvement in O. niloticus 

aquaculture. Further, studies are required to assess the current environmental status of the lakes, and 

determine whether or not the populations maintain their reproductive characteristics in controlled 

environments. Furthermore, additional studies that include other populations of O. niloticus from other 

water bodies are required to come up with conclusive recommendations for the establishment of O. 

niloticus based aquaculture in the country. 
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Chapter Five 

________________________________________________________________________________________ 

5 Effect of elevated fry rearing temperature on survival rate, sex ratio and growth 

performance of O. niloticus populations of Lakes Chamo, Koka and Ziway 

5.1 Introduction 

The O. niloticus is a freshwater fish species that is cultured worldwide because of its adaptation to wide 

range of environmental conditions, rapid growth rate, easy and rapid propagation, and tolerance to stress 

in handling (El-Sayed, 2006; Getinet Gebretsadik and Bart, 2007). Growth performance of the tilapias in 

aquaculture is affected by genetics and environment, both of which can be modified in fish culture to 

improve production and productivity. Accordingly, genetically improved strains such as genetically 

improved farmed tilapia (GIFT) and genetically improved red tilapia have been used in aquaculture 

production (Ansah et al., 2014; Lago et al., 2016). Aquaculture business in general is not yet developed 

in Ethiopia where the O. niloticus species, the dominant catch in the country's fishery production (Yared 

Tigabu, 2010; Gashaw Tesfaye and Wolff, 2014) are the targeted and promising species for the sector's 

development. Distribution wise, O. niloticus are indigenous to the country and are found in water bodies 

of different drainage basins situated in different agro-ecologies (Tenalem Ayenew and Dagnachew 

Legesse, 2007; Abebe Getahun, 2017). Chamo, Koka and Ziway are among the major Rift Valley lakes 

known for their fishery production (Abebe Getahun, 2017). Growth performances of O. niloticus from 

these lakes have been evaluated in pond culture (Kassaye Balkew and Gjoen, 2012; Daba Tugie et al. 

2017) and the populations were indicated as potential for further genetic improvement. Establishment of 

improved core strains of O. niloticus populations is, therefore, required for aquaculture development in 

the country.  

Sex of the fish has also effects on growth performance in O. niloticus culture. Mixed sex cultures of the 

species in pond often produce undesired offspring, which increase fish numbers beyond the 

recommended density and create stressful conditions by competing for the limited resources such as 

feed, oxygen and space in the pond. The uncontrolled multiplication of fish in mixed sex culture results 

in stunted fish population of poor market value (Hepher and Pruginin, 1981; Coleman, 2001). Males 

grow faster than their female counterparts (Macintosh and Little, 1995; Megerssa Endebu et al., 2016) in 
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O. niloticus culture therefore mono-sex male populations of the species are desired in aquaculture to 

improve production and productivity. Moreover, the use of mono-sex male in a range of aquaculture 

production systems has potential advantages including achievement of higher average growth rate, 

elimination of reproduction, reduction of territorial behavior of males, reduction of risk of 

environmental impact resulting from escapes of the non-local species and reduction of variation in 

harvest size (Beardmore et al., 2001). 

Sex reversal is one of the mechanisms used to produce male mono-sex in O. niloticus production. Sex 

reversal of O. niloticus in aquaculture can be achieved through variety of ways such as through 

hormonal treatment or through elevated fry rearing temperature at early swimming stage of the fish. O. 

niloticus displays a genetic sex determination system (XX|XY) where exposure to high temperatures 

(from 32˚C to 36.5˚C) during thermo-sensitive period (10 to 30 days post fertilization), induces 

masculinization (Baroiller et al., 1995; Hendry et al., 2002; Misikire Tessema et al., 2006; Angienda et 

al., 2010; Nivelle et al., 2019). Proportion of males in O. niloticus population increases with increasing 

fry rearing temperature up to 36°C, a temperature beyond which the number of males does not increase 

(Abucay et al. 1999; Baroiller and D’Cotta, 2001; Angienda et al. 2010; Misikire Tessema et al., 2006; 

Khater et al., 2017). 

Sensitivity of O. niloticus to temperature treatment depends on genetics. On the evaluation of the effects 

of rearing temperatures on O. niloticus populations, Misikire Tessema et al. (2006) observed significant 

differences of degree and range of responses to high temperature between populations and breeding 

pairs in the populations. Angienda et al., (2010) indicated that the sex reversal efficiency of heat 

treatment in  is affected by autosomal gene; whereby  with a genetic marker called Abur36 achieved 

higher sex reversal efficiency up to 95% male.  

Hence, the aim of the current experiment was to evaluate the effect of elevated fry rearing temperature 

on survival rate, growth rate and sex reversal efficiency in three selected  populations of Ethiopian Rift 

Valley lakes. 
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5.2 Materials and methods 

5.2.1 Sources of the O. niloticus populations 

Progenies of three different O. niloticus populations of Rift Valley lakes, Chamo, Koka and Ziway were 

evaluated for their survival, sex ratio and growth rate responses to elevated fry rearing temperature at 

36°C for 10 days starting from the first swimming. The responses were also evaluated for 6 months in 

growth period of the fish after the treatment. The parental stocks were collected from the lakes and kept 

as separate populations in outdoor concrete ponds at Batu Fishery and Other Aquatic Life Research 

Center earlier to the experiment. The lakes are located in separate drainage basins and had different 

water qualities (Table-14). 

Table 14. Water quality parameter values at Lakes Chamo, Koka and Ziway 

Water quality parameters Chamo Koka Ziway 

Temperature (
o
C) 27.46 ± 0.84

a
 23.35 ± 1.03

b
 23.97 ± 1.44

b
  

Secchi disc depth (cm) 20.96 ± 5.36
a
 13.35 ± 4.70

c
 14.53 ± 0.88

b
 

pH 9.08 ± 0.25
a
, 8.37 ± 0.37

b
 8.58 ± 0.25

b
  

Conductivity (µS/cm) 1,570.43 ± 177.46
a
 450.45 ± 158.63

b
 524.88 ± 48.97

b
 

Salinity (ppt) 0.81 ± 0.03
a
 0.22 ± 0.09

b
 0.25 ± 0.02

b
 

TDS (mg/L) 1,141.90 ± 80.40
a
 321.8 ± 125.90

b
 356.6 ± 34.8

b
 

SRP-P(µg/L) 81.36 ± 20.61
a
 75.25 ± 15.49

a
 39.22 ± 8.19

b
 

NO-3 - N (µg /L) 12.50 ± 7.73
b
 524.60 ± 337.60

a
 77.60 ± 69.18

b
 

SRP = soluble reactive phosphorus; TDS = total dissolved solids. Values with different superscript, 

(
a,b,c

) in a row are statistically different at 95% confidence interval.  

 

5.2.2 Fry production 

The current experiment was conducted at Batu Fishery and Other Aquatic Life Research Center, located 

at Central Ethiopian Rift Valley, for about three years, from Nov 2017 to Oct 2020. The Batu Research 

Center is found close to Lake Ziway at 7°56' N latitude, 38° 43' E longitude and altitude of about 1640 

m.a.s.l. 
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Generations of similar age groups were produced in ponds from each of Chamo, Koka and Ziway O. 

niloticus populations. Similar sizes of sexually mature male and female broods of these generations were 

taken from each of the three populations and kept separately in ponds for conditioning before 

commencing the experiment. The broods were fed on pellet supplemented with 25-30% crude protein 

during this conditioning period.  

A total of 12 out-door concrete ponds of each 6 m
2
 size were used for fry production. The water used in 

these experimental ponds was pumped from shallow well with determined water quality; water 

temperature of 24.8 ± 3.1°C, pH 8.9 ± 0.5; conductivity 2,262.5 ± 431.7 µs/cm; TDS 1,993.2 ± 327.4 

mg/L and salinity 1.4 ± 0.2 ppt. Five hapa nets each with 1 m
3
 volume suspended in the ponds were 

prepared for each of the three O. niloticus populations. Five males and five females were selected from 

the conditioned brood fishes of each population and male and female pairs of the selected individuals 

were put into each of the hapa nets to spawn. The males were mouth clipped before pairing, to reduce 

their aggressiveness to their female partners. Each pair of the broods were checked regularly for the 

release of fry in the hapa nets. The breeding pairs were replaced with other pairs in case of mortality or 

inability to spawn in a month after pairing. Once the pairs spawned in the hapa nets, the produced 

progenies were transferred to lab setup prepared for the purpose of this experiment. 

5.2.3 Temperature treatment (phase-I) 

Progenies from each breeding pairs of the three O. niloticus populations (Chamo, Koka and Ziway) 

produced in outdoor hapa nets were transferred to lab in two groups at age of first swimming date. Then, 

the fry were divided into treatment and control groups and the treatment groups were put into a setup for 

masculinization experiment under elevated fry rearing temperature and the control groups into a setup 

with room temperature. 

The elevated fry rearing temperature adjusted to fixed temperature of 36±1°C was used as a treatment 

unit in order to induce masculinization (Angienda et al., 2010; Abou El-Fotoh et al., 2014). Constant 

elevated water temperature was maintained by the use of thermostat water heaters, aerator pumps and 

mercury thermometers. The elevated temperature was allowed to stabilize for several days before 

introducing the fry into the treatment. 

Sixty to one hundred fry of treatment group from each breeding pairs were introduced into treatment 

facilities within the heating bath at age of their first day of swimming. Fry of each pair were kept 
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separately in perforated but screen covered plastic bottles of five liter capacity for 10 experimental days. 

The plastic bottles were arranged in the thermostat bath randomly. 

Temperature was monitored three times a day using digital thermometer. Feeding the juveniles of both 

the treatment and control groups commenced with filtered zooplanktons consisting of copepods and 

rotifers collected from fertilized outdoor ponds. During the elevated fry rearing treatments, the fry were 

observed daily and deaths were recorded when occurred. After 10 days of the elevated fry rearing 

temperature treatment, the fry were transferred to similar tankers in lab where the thermostats of the 

heating units were switched off and the units were allowed to cool down slowly to room temperature of 

24°C, normally in about one day. The final numbers of the fry in each container were recorded before 

they were transferred to outdoor ponds.  

In the control groups, the corresponding fry from each breeding pairs were kept in tanks following 

similar management with the treatment group. The water temperature in the control groups was 24 ± 

1°C. Aeration, feeding, treatment duration and other managements were similar with that of the 

treatment groups.  

5.2.4 Growth in outdoor ponds (phase-II) 

After the end of the treatment, both treatment and control groups fry were transferred to outdoor 

concrete ponds where they were grown to size of sexual differentiation. In these outdoor concrete ponds, 

the siblings in treatment groups and their corresponding controls were arranged in two separate blocks, 

treatment and control blocks. In each block, fry from different parents were placed in hapa nets with 

random arrangement.  

The concrete ponds were fertilized with poultry manure that the water harboured phyto- and 

zooplankton (copepods, rotifers and few daphnia) which were used as live feeds for the fingerlings. The 

fingerlings were also supplemented with a feed prepared from mixture of wheat bran (50%) and noug 

cake (50%) at an estimated 40% of their body weight daily and gradually decreased to 5% body weight 

daily from the 2
nd

 month onwards. Finally, the fish were sexed at 180 days when it was easy to identify 

their sexes by visual observation to their genital papilla.  

 



 

69 
 

5.2.5 Data collection and analysis 

5.2.5.1  Survival rates 

Survival rates of the progenies were calculated based on the numbers of fish that survived up to the end 

of the experiment period and expressed as percentages of the initial numbers stocked. The survival rates 

in this experiment were calculated at two stages, phase I and phase II. Phase-I was the survival rate 

during the first 10 days in laboratory experiment both for treatment and control groups while phase-II 

was the survival rate in outdoor ponds during the 180 days of growth period. Similar method and time of 

data collection were employed to the treatment groups and their corresponding control groups. 

             
                                                

                                                   
     

The survival rates were presented in Table 15 for each of the progenies under treatment group (36°C/10 

day) and control groups for both phase-I (10 days) and phase-II (180 days) for each of the populations. 

The differences between mean survival rates for treatment groups and control groups as well as the 

mean for the three populations were analyzed using independent-samples T test and one way ANOVA, 

respectively at 0.05 significance level in SPSS statistical package. 

5.2.5.2  Growth rate 

Progenies with similar stocking densities (50±3 fish/pond) in each population were selectively 

considered for growth performance evaluation among the progenies in the experimental ponds (phase-

II). At monthly intervals, up to 6 months post heat treatment, 30-40 samples of fingerlings were drawn 

from the ponds for weight measurements used for determination of growth rate of the populations. The 

progenies' monthly growth rates of the three O. niloticus populations in terms of mean weight (g) were 

presented in graph under treatment and control groups (Fig 1). The mean final weights (g) of the 

progenies in each population were analyzed and compared using independent-samples T test for the 

treatment and control groups. The mean final weights of the progenies across the populations under 

treatment and control groups were analyzed using one-way-ANOVA. The mean differences were 

separated at 0.05 level of significance, LSD Post Hoc Multiple Comparison in SPSS statistical package. 

The fish samples drawn at 180 days post heat treatment were also used for sexing.  
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5.2.5.3  Sex ratios 

Sexing was done by observing their genital papilla. The numbers of males and females of each group 

were recorded for each population both for the treatment and the control groups. Sex ratios were 

calculated as proportions of the numbers of male individuals per group. Deviation from 1:1 sex ratio in 

all the treated and control groups were analyzed by using chi-square test for each of the population. 

5.3 Results 

5.3.1 Survival rates 

The survival rates of O. niloticus progenies during the first 10 days of lab experiment (phase-I) and 

during the growth period in outdoor experimental ponds for 180 days (phase-II) were presented in Table 

15. In phase-I, the survival rate of the progenies of the treatment group ranged from 81.6%, 78.3% and 

74.0% to maximum of 91.7%, 90.0% and 86.7% in Chamo, Koka and Ziway populations, respectively. 

Similarly, the survival rate of the progenies in control group ranged from minimum of 93.3%, 85.0% 

and 83.3% to maximum of 97.0%, 98.3% and 91.7% in Chamo, Koka and Ziway populations, 

respectively (Table 15). 

The mean survival rates of the progenies in treatment groups were significantly lower than the mean 

survival rates in control groups for all the three populations. Comparing the survival rates among the 

three O. niloticus populations progenies under treatment groups, the mean survival rates of Chamo 

population (88.38 ± 4.12%) was significantly higher than that of the Ziway populations (80.20 ± 4.95%), 

while the survival rate for Koka population (85.78 ± 4.91%) was not statistically different from the 

values of the two populations. Similarly, in the control groups, the mean survival rates of Chamo 

population (95.40 ± 1.50%) was significantly higher than that of the Ziway populations (88.6 ± 3.16%), 

while the survival rate for Koka population (91.32 ± 5.32%) was not statistically different from the 

values of the two populations. Mean survival rates of the O. niloticus populations in outdoor 

experimental ponds (phase-II) during the 180 days of growth period was also presented in Table 15. It 

was found that the mean survival rates of the progenies of treatment groups were not statistically 

different from the mean survival rates of their corresponding control groups for all the three O. niloticus 

populations. When the progenies mean survival rates were compared, the values were not statistically 

different among the populations both for the control groups and the treated groups, except that the mean 
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survival rate of Ziway population (90.18 ± 6.60%) was significantly lower than that of Chamo 

population (95.38 ± 1.17%) in treatment group.  

Table 15. Mean survival rates of the progenies of O. niloticus populations of Lakes Chamo, Koka and 

Ziway in phase-I  and phase-II under treatment and control groups 

Treatment  

Mean survival rate (%) in phase-I  

Chamo Koka Ziway 

Treated 88.38 ± 4.12
b,c 

85.78 ± 4.91
c
 80.20 ± 4.95

d
 

Control 95.40 ± 1.50
a
 91.32 ± 5.32

a,b
 88.60 ± 3.16

b,c
 

Treatment  

Mean survival rate (%) in phase-II  

Chamo Koka Ziway 

Treated 95.38 ± 1.17
a
 93.94 ± 3.91

a,b
 90.18 ± 6.60

b
 

Control 95.32 ± 2.63
a
 93.52 ± 4.05

a,b
 91.86 ± 2.65

a,b
 

a,b,c 
significantly different mean survival rates (%) at 0.05 level of significance 

5.3.2 Growth performance 

Growth performances of progenies of O. niloticus populations treated in elevated fry rearing temperature 

and their corresponding control groups were presented in Figures 9a and 9b respectively. The fry weight 

at their first month in ponds was 1.17 ± 0.15 g with no significant differences among treatment and 

control groups and across the populations. But, mean weight of the fry/fingerlings started to segregate 

gradually between the populations, with the Chamo population attaining better weight than Koka and 

Ziway both in treatment and control groups (Figure 9). 

The mean final weight of O. niloticus progenies after six months of growth was significantly different 

between treatment and control groups in Chamo and Koka populations, but not significant in Ziway 

population (Table 16). The M:F sex ratio of the progenies considered in growth performance evaluation 

has not deviated significantly from 1:1 in control groups of all the three populations and the treated 

group of Ziway population. But the treatment groups had higher male ratios in Chamo (63.46%) and 

Koka (65.96%) populations. The final weights of male O. niloticus were higher than their female 

counterparts in all the progenies. As a result, the mean weight of the treated groups was higher than that 
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of their corresponding control groups only when the sex ratio was skewed towards male as observed in 

Chamo and Koka populations.  

 

 

Figure 9. Growth performances of O. niloticus populations in phase-II, treated (a) and control (b) 

groups 

Table 16. Final mean weight (g) of treatment and control groups of O. niloticus populations of Lakes 

Chamo, Koka and Ziway 

Treatment  

Mean weight (g) of O. niloticus populations 

Chamo Koka Ziway 

Treated 31.58 ± 6.78
a
 21.70 ± 5.10

c
 17.49 ± 4.60

d,e
 

Control 24.26 ± 6.67
b
 18.83 ± 4.16

d
 16.81 ± 4.15

e
 

a,b,c,d,e 
significantly different mean weights (g) at 0.05 level of significance 
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5.3.3 Sex ratios 

The proportions of male O. niloticus individuals varied among treatment and control groups (Table 11). 

The sex ratios presented as "% male" ranged from 49.06% to 64.29% in the treatment groups, while it 

ranged from 47.27% to 53.70% in the control groups of Chamo population. Among five independent 

siblings obtained from different breeding pairs of Chamo population, only one sibling, the Ch1, resulted 

in significantly higher (p<0.05) proportion of males than females (Table 17). The overall sex ratios of 

the treated siblings group of Chamo (Ch1-Ch5) was significantly skewed towards male (p<0.05). 

However, the sex ratios of their corresponding siblings in control group and the overall total sex ratios in 

the control group did not significantly (p> 0.05) deviate from 1:1 (Table 17). 

In case of Koka O. niloticus population, the sex ratios presented as "% male" ranged from 53.09% to 

76.92% in the treatment group with the overall 61.68% male, while it ranged from 46.17% to 57.45% in 

the control group with overall total sex ratio of 50.52% (Table 17). Among five independent siblings 

obtained from different breeding pairs of Koka population, two treated groups of siblings, the K2 and 

K4, resulted in significantly higher (p<0.05) proportion of male individuals (Table 17). The cumulative 

sex ratios of the treated group of Koka population (K1-K5) was significantly (p<0.001) skewed towards 

males, while the sex ratios of their corresponding siblings under control group and overall total sex ratio 

of the control group did not significantly (p>0.05) deviate from 1:1 (Table 17). 

The sex ratio of O. niloticus population of Ziway in five different sibling groups ranged from 44.00% to 

78.69% in the treatment group with the overall ratio of 56.78% males, while it ranged from 46.81% to 

54.00% in the control groups with overall sex ratios of 49.35% (Table 17). Among five independent 

siblings obtained from different brood pairs of Ziway population, only one sibling group, the Z1, 

resulted in significantly higher (p<0.05) proportion of male individuals (Table 17). The cumulative sex 

ratio of the treatment group of Ziway population (Z1-Z5) was also significantly (p<0.05) skewed 

towards male, while the sex ratios of their corresponding siblings under control group and overall total 

sex ratio of the control group did not significantly (p>0.05) deviate from 1:1 (Table 17). 
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Table 17. Effects of elevated fry rearing temperature on progeny sex ratios of O. niloticus populations 

of Lakes Chamo, Koka and Ziway 

 

Treatment group (36°C)   Control group 

Spawn 

Survival (%) 

Sexed 

(No.) 

male 

(%) 

 

Survival (%) 

Sexed 

(No.) 

male 

(%) χ2 10 days 180 days 10 days 180 days 

Ch1 88.0 95.5 84 64.29
b
 

 

97.0 93.8 91 51.65 0.099 

Ch2 89.0 96.6 86 51.16 

 

95.0 91.6 87 48.28 0.103 

Ch3 91.7 96.4 53 49.06 

 

96.7 98.3 57 50.88 0.018 

Ch4 81.6 93.9 46 52.17 

 

93.3 96.4 54 53.7 0.296 

Ch5 91.6 94.5 52 63.46 

 

95.0 96.5 55 47.27 0.164 

Overall 88.4 95.5 321 56.39
a
 

 

95.4 94.8 344 50.29 0.012 

K1 89.0 91.0 81 53.09 

 

85.0 96.5 82 48.78 0.049 

K2 88.3 88.7 47 65.96
a
 

 

90.0 96.3 52 46.15 0.308 

K3 78.3 95.7 45 62.22 

 

88.3 88.7 47 57.45 1.043 

K4 90.0 96.3 52 76.92
c
 

 

98.3 96.6 57 52.63 0.158 

K5 83.3 98.0 49 55.1 

 

95.0 89.5 51 49.02 0.020 

Overall 85.8 93.8 274 61.68
c
 

 

91.32 93.8 289 50.52 0.031 

Z1 74.0 82.4 61 78.69
c
 

 

89.0 93.3 83 48.19 0.108 

Z2 76.7 96.2 50 48.84 

 

90.0 92.6 50 54.00 0.320 

Z3 82.0 95.1 78 53.85 

 

89.0 92.1 82 48.78 0.049 

Z4 76.7 93.5 43 44.00 

 

83.3 94.0 47 46.81 0.191 

Z5 81.6 83.7 41 53.66 

 

91.7 87.3 48 50.00 0.000 

Overall 80.2 89.5 273 56.78
a
 

 

88.6 92.0 310 49.35 0.052 

Grand 84.8 93.2 

   

91.3 93.5 

   
Note: Ch1 - Ch5 = progenies of Chamo population, K1 - K5 = progenies of Koka population, Z1 - Z5 = progenies of Ziway 

population, n = number of individuals included in statistical analysis and χ
2
 = Chi-square test value for deviation of 

sex ratios of control from 1:1; 
a,b,c 

sex ratio of treatment group significantly different from 1:1 (P<0.05, 0.01, 0.001). 
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5.4 Discussion 

Based on the results obtained in the present study, rearing fry produced from three O. niloticus 

populations at 36 ± 1°C for the duration of 10 days decreased the survival rates of all the treatment 

groups but not affected survival rate during the growth phase after the treatment in all the three 

populations. Increment in water temperature beyond the optimum rearing temperature of 27-32°C for O. 

niloticus (Drummond et al., 2009; Samuel Bekele et al., 2019) is a stressful condition to induce 

mortality that the elevated fry rearing temperature of 36°C decreased the survival rate in the present 

study as it was reported by Khater et al. (2017) also. Though different between treated and control 

groups, the survival rates in the current study were within ranges reported in earlier studies (Khater et 

al., 2017; Nivelle et al., 2019). Effect of population on survival rate was observed both in treatment 

groups and control groups, whereby the Chamo population performed better in survival rate, followed 

by Koka population while Ziway population was the least. The difference between the treatment 

temperature (36 ± 1°C) and the temperature in the populations' natural environment was relatively 

higher for Koka (14°C) and Ziway (12°C) as compared to that of Chamo (8°C) to affect the survival 

rate. Moreover, the three O. niloticus populations have shown different phenotypic and reproductive 

characters in their separate natural environments (Megerssa Endebu et al., 2021b) suggesting potential 

genetic differences among the populations. Both genetics and environment affect early fry survival rate 

in O. niloticus (Yonas Fessehaye et al., 2007) which influenced the survival rates of the populations 

differently in the current study. 

Growth rate and mean final weight of O. niloticus populations differed among the populations in the 

present study, both in control and treated groups with Chamo population performing better than Koka 

and Ziway. Growth rate of an organism is affected both by environmental and genetic factors. The 

environmental factors were kept similar for all the O. niloticus progenies under the present study, except 

the deliberately adjusted temperature differences between the treated and control groups in their early 

age. Hence, the differences in growth rates between the progenies of O. niloticus populations were more 

likely due to genetic effect. Feed conversion rate and growth rate in juvenile O. niloticus is determined 

by genetics (De Verdal et al., 2018). Similar growth differences were also observed for O. niloticus 

populations of Ethiopian Rift Valley in pond experiments (Kassaye Balkew and Gjoen, 2012; Daba 

Tugie et al. 2017). However, the differences in growth rate and final mean weight between treated and 

control groups within a population were observed only when the sex ratios were different between the 
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groups. The weight differences were attributed to differences in sex ratios induced by the elevated fry 

rearing temperature treatment, for which progenies with similar sex ratio had similar growth rate in a 

population, regardless of temperature treatments. The progenies with higher proportions of male 

individuals achieved faster growth rate and attained higher mean final weight than those with balanced 

sex ratios, due to the reason that the males grow faster than females in O. niloticus populations 

(Macintosh & Little, 1995; Chakraborty and Banerjee, 2010; Megerssa Endebu et al., 2016). 

The overall sex ratios of O. niloticus in the present study were skewed towards males for the heat treated 

groups in all the three populations (Chamo, Koka and Ziway) while the ratio was balanced in all the 

control groups of each population. However, the response in sex reversal after exposure to elevated fry 

rearing temperature varied among individuals, breeding pairs within each population and also across the 

populations. Even if some siblings have significantly shifted their sex ratios toward male, the proportion 

of males within these siblings after the heat treatment also varied. This variation, suggest differences in 

degree of sensitivity among individuals within each population. The number of breeding pairs whose 

progenies were sex reversed and the overall male ratio in the treated groups were higher in Koka O. 

niloticus population than in Ziway and Chamo populations; the higher response in the population with 

higher temperature difference between treatment and their natural environment. Different O. niloticus 

populations can show significant differences in degree and range of responses to elevated temperature 

treatments (Misikire Tessema et al., 2006). The differences in sensitivity of O. niloticus progenies 

within the populations suggest the responsiveness variability among individuals (Angienda et al., 2010). 

5.5 Conclusions and recommendations 

Progenies of three O. niloticus populations; Chamo, Koka and Ziway respond to elevated fry rearing 

temperatures differently in terms of survival rate, growth performance and sex ratios. Survival rate was 

affected both by population and the elevated fry rearing temperature treatment. The elevated fry rearing 

temperature decreased survival rate in all the three O. niloticus populations. Chamo population attained 

higher fry survival rate than Koka and Ziway both in treated and control groups. Growth performance of 

the O. niloticus progenies was affected by population whereby Chamo population followed by Koka 

attained better size at final harvest. Elevated fry rearing temperature influence growth rate only when the 

sex ratio is altered. Elevated fry rearing temperature induce shift in sex ratios towards male in O. 

niloticus populations of Lakes Chamo, Koka and Ziway. However, variation in sex reversal sensitivity 

was wide between individuals within each population than across the three populations. 
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Hence, sensitive individuals can be selected from the populations and their degree of sensitivity be 

improved through consequent breeding of sensitive parents for masculinization in aquaculture 

production. 
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6 General conclusions and recommendations 

The current study demonstrated substantial differences between the three Ethiopian Rift Valley lakes, 

namely Lakes Chamo, Koka and Ziway for physico-chemical water quality parameters studied during 

the two years, May-2018 to April-2020. Variation in these parameters that included water temperature, 

pH, electrical conductivity (EC), total dissolved solids (TDS) and salinity appeared to be dependent on 

geographical locations, morphometry and geology of the lakes, agricultural activities in the catchment 

areas, and soil chemistry of their watersheds. Seasonal variation played important roles at all the three 

lakes with increasing trend over time when compared with previous reports. Invasive water hyacinth 

which existed for over 60 years in Lake Koka has now established itself in Lake Ziway. The invasion of 

water hyacinth in Lake Koka appeared to be aggravated by higher nutrient loadings from its catchment 

areas and absence of natural wetland vegetation in the shore of the lake which compete for space and 

nutrient uptake.  

The Nile tilapia (O. niloticus) populations of the three Lakes; Chamo, Koka and Ziway were identified 

to develop different phenotypic characters in these environments. As desired characters in aquaculture 

production, O. niloticus population of Lake Chamo had higher mean weight and length than population 

of Lake Koka followed by population of Lake Ziway. The overall Female:Male sex ratios of the 

populations in the three lakes were balanced and maintained the expected ratio of 1:1. Breeding season 

of the O. niloticus populations, was found to happen in all seasons in all the three lakes. However, the 

peak activities were different in the three lakes; following the onset of rain, whereby the three lakes have 

different annual rain distribution patterns. The sizes at first sexual maturity (L50) also varied among the 

populations with Chamo and Koka showing higher L50 than Ziway. The mean absolute fecundity, which 

was correlated strongly with the females' total length and total weight, was also highest for population of 

Lake Chamo followed by Lake Koka and lowest for Lake Ziway. The differences in phenotypic and 

reproductive characters were attributed to environmental and/or genetic differences. Besides these 

differences between the populations of the three lakes, all the current L50 values of the three populations 

decreased from previous reports. The main reasons for the decrease are environmental changes and 

fishing pressures; the fishing practices which continuously remove the bigger sized fish from each 

population without replacement by selectively affecting individuals with better growth performances 

and favoring individuals with inferior growth performances to dominate the lakes.  
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In the experiment of elevated fry rearing temperature treatment to produce male O. niloticus, progenies 

of the three O. niloticus populations; Chamo, Koka and Ziway respond differently in terms of survival 

rate, growth performance and sex ratios. The treatment effect decreased survival rates in Ziway than in 

Koka and Chamo populations. However, the growth performance of the O. niloticus progenies was 

influenced not by temperature treatment alone but by population effect and shift in sex ratio. The Chamo 

population followed by Koka attained better size at final harvest and the average size is even higher for 

populations when their sex ratio is skewed towards male. Shift in sex ratios towards male was induced 

by the elevated fry rearing temperature treatment in all the three O. niloticus populations. However, 

variation in sensitivity for sex reversal was wide between individuals within each population than across 

the three populations. 

Based on the findings of the present study, the following general recommendations are suggested: 

 In order to minimize the silt and nutrient loads in the lakes and to restore and safeguard 

biodiversity in the freshwater lakes ecosystem, appropriate watershed management system 

should be established and proper agricultural practices should be in place that minimize soil 

erosion and excessive agro-chemical pollution. Moreover, strict municipal and industrial waste 

management systems should be established and enforced by the authorities with participation of 

all stakeholders. Priority should also be given to proper implementation of sustainable fishery 

management practices. 

 The populations of O. niloticus from Chamo followed by Koka, possessed better phenotypic and 

reproductive qualities with higher mean lengths and weights, higher L50 and absolute fecundity, 

which are desired in aquaculture production. The two populations are, therefore, potential 

populations for further genetic improvement in O. niloticus aquaculture. Determining whether or 

not these populations maintain their phenotypic and reproductive characteristics in controlled 

environments requires additional studies with the inclusion of other populations of O. niloticus 

from other water bodies. This would help to come up with conclusive recommendations for the 

establishment of O. niloticus based aquaculture in the country. To develop production of male 

O. niloticus in aquaculture, sensitive individuals can be selected from the populations and their 

degree of sensitivity can be improved through subsequent breeding and selection of temperature 

sensitive offspring. 

  



 

80 
 

References 

Abebe Getahun (2017). The fresh water fishes of Ethiopia: diversity and utilization. pp349.  View 

Graphics and Printing, Addis Ababa, Ethiopia. 

Abou El-Fotoh, E.M., Ayyat, M.S., Abd, G.A., Farag, M.E. (2014). Mono-sex male production in Nile 

tilapia (Oreochromis niloticus) using different water temperatures. Zagazig J. Agric. Res., 41(1). 

Abraha Reda and Alem Hagos (2017). Extensive Utilization of Inorganic Fertilizers in Ethiopian 

Agriculture and Its Possible Consequences on Soil Quality. World J. Agri. Sci., 13 (4): 155-171. 

Abucay, J.S., Mair, G.C., Skibinski, D.O., Beardmore, J.A. (1999). Environmental sex determination: 

the effect of temperature and salinity on sex ratio in Oreochromis niloticus L. Aquaculture 173, 

219–234. 

Addisu Awoke Mota, Senbetie Toma Lachore and Yoseph Halala Handiso (2019). Assessment of food 

insecurity and its determinants in the rural households in Damot Gale Woreda,Wolaita zone, 

souther Ethiopia. Agric & food secur. 8, 11. DOI: 10.1186/s40066-019-0254-0 

Addisu Fekadu and Solomon Chanie (2017). A seasonal study on phytoplankton diversity and dynamics 

of Lake Chamo, Ethiopia. Aquat. Living Resour. 30, 40. DOI: 10.1051/alr/2017039 

AFS (American Fisheries Society), AIFRB (American Institute of Fishery Research Biologists), ASIH 

(American Society of Ichthyologists and Herpetologists) (2004). Guidelines for the use of fishes 

in research. American Fisheries Society, Bethesda, Maryland. 

Agnese, J.F., Adepo-Gourene, B., Abban, E.K. and Fermon, Y. (1997). Genetic differentiation among 

natural populations of the Nile tilapia Oreochromis niloticus (Teleostei, Cichilidae). Heredity, 

79: 88-96. 

Agumassie Tesfahun and Mathewos Temesgen (2018). Food and feeding habits of Nile tilapia 

Oreochromis niloticus (L.) in Ethiopian water bodies: A review. International J. Fisheries and 

Aquatic Studies, 6(1): 43-47.  

Alemayehu Hailemicael (2011). Spatio-temporal analysis of Ethiopian Rift Valley Lake Chamo 

watershed utilization practices and environmental implications using geo-spatial technology, 



 

81 
 

PhD thesis. pp143. Department of Environmental Sciences, Andhra University, Viskhapatnam, 

India.  

Alemayehu Esayas, Skipperud, L., Rosseland, B. O., Zinabu Gebremariam, Meland, S.,Teien, H. and 

Salbu, B. (2011). Speciation of selected trace elements in three Ethiopian Rift Valley lakes 

(Koka, Ziway, Awassa) and their major inflows. Sci. of the total environ., 409: 3955 - 3970. 

DOI:10.1016/j.scitotenv.2011.06.051  

Allendorf F.W. (1988). Conservation biology of fishes. Conser Biol., 2: 145-148. 

Angienda P.O., Aketch B.O., Waindi E.N. (2010).  Development of All-male Fingerlings by Heat 

Treatment and the Genetic Mechanism of Heat Induced Sex Determination in Nile Tilapia 

(Oreochromis niloticus L.). Int. J. Bio. and Life Sci. 6(1): 38-43 

Ansah Y.B., Frimpong E.A., Hallerman E.M. (2014). Genetically improved tilapia strains in Africa: 

Potential benefits and negative impacts. Sustainability, 6 : 3697-3721. DOI: 10.3390/su6063697  

APHA (American Public Health Association) (1995). Standard methods for the examinations of water 

and waste water. 19th Ed. American Public Health Association, American Water Works 

Association, and Water Environment Federation, Washington DC, U.S.A.  

Assefa Tessema, Abebe Getahun, Seyoum Mengistou, Tadesse Fetahi and Eshete Dejen (2019). Length 

-weight relationship, condition factor and some reproductive aspects of Nile tilapia 

(Oreochromis niloticus) in Lake Hayq, Ethiopia. Int. J. Fisheries and Aquatic Studies, 7(5): 555-

561. 

Baroiller J.F., Chourrout D., Fostier A., Jalabert B. (1995). Temperature and sex chromosomes govern 

sex ratios of the mouth brooding cichlid fish Oreochromis niloticus. J. Exp Zool., 273, 216–223. 

Baroiller J.F., Clota F. (1998). Interactions between temperature effects and genotype on Oreochromis 

niloticus sex determination. J. Exp. Zool. 281, 507. 

Baroiller J.F., D’Cotta H. (2001). Environment and sex determination in farmed fish. Comp Biochem 

Physiol, 130,399–409. 

Baroiller J.F., D’Cotta H., Saillant E. (2009). Environmental Effects on Fish Sex Determination and 

Differentiation. Sex. Dev., 3:118–135. DOI: 10.1159/000223077 



 

82 
 

Beardmore J.A., Mair G.C. and Lewis R.I. (2001). Mono-sex male production in finfish as exemplified 

by tilapia: Applications, problems, and prospects. Aquaculture, 197(1): 283-301. DOI: 

10.1016/S0044-8486(01)00590-7 

Benvenuti M., Carnicelli S., Belluomini G., Dainelli N., Di Grazia S., Ferrari G.A., Iasio C., Sagri M., 

Ventra D., Balemwald Atnafu, Seifu Kebede (2002). The Ziway–Shala lake basin (main 

Ethiopian rift, Ethiopia): a revision of basin evolution with special reference to the Late 

Quaternary. J. African Earth Sci., 35: 247–269. DOI: 10.1016/S0899-5362(02)00036-2 

Berhan Teklu, Amare Hailu, Weigant, D.A., Scholten, B.S. and Van den Brink, P. J. (2018). Impacts of 

nutrients and pesticides from small and large scale agriculture on the water quality of Lake 

Ziway, Ethiopia. Environ. Sci. pollut. Res., 25, 13207-13216. DOI: 10.1007/s11356-016-6714-1 

Bezault E., Balaresque P., Toguyeni A., Fermon Y., Baroiller J.F., Rognon X. (2011). Spatial and 

temporal variation in population genetic structure of wild Nile tilapia (Oreochromis niloticus) 

across Africa. BMC Genetics, 12, 102 

Bjorklis G. (2004). The fisheries in Lake Hawassa, Ethiopia; estimation of annual yield. M.Sc. Thesis 

submitted to Department of Plant and Environmental Sciences, Norwegian University Life 

Sciences, Ås, Norway. 

Boyd E.C. (2004). Farm-Level Issues in Aquaculture Certification: Tilapia. Report commissioned by 

WWF-US. P. O. Box 3074, Auburn, Alabama 36831. http://fisheries.tamu.edu/files/2013/09/ 

Accessed on August, 2021. 

Brook Lemma and Hayal Desta (2016). Review of the natural conditions and anthropogenic threats to 

the Ethiopian Rift Valley rivers and lakes. Lakes and Reservoirs: Res.& Mang't 21: 133–151. 

Buchale Shishitu, Gashaw Tesfaye and Elias Dadebo (2019). Assessment of Maximum Sustainable 

Yield and Optimum Fishing Effort for the Nile Tilapia (Oreochromis niloticus L.) in Lake 

Chamo, Ethiopia. J. Agric. Environ. Sci., 4 (2): 2616-3713.  

Bwanika G.N., Murie D.J., Chapman L.J. (2007). Comparative age and growth of Nile tilapia 

(Oreochromis niloticus L.) in Lakes Nabugabo and Wamala, Uganda. Hydrobiol., 589(1): 287-

301, http://dx.doi.org/10.1007/s10750-007-0746-y 

https://doi.org/10.1016/S0899-5362(02)00036-2


 

83 
 

Chakraborty S.B., & Banerjee S. (2010). Comparative Growth Performance of Mixed-Sex and Mono-

sex Nile Tilapia Population in Freshwater Cage Culture System under Indian Perspective. Int. J. 

biology, 2:44-50. DOI:10.5539/ijb.v2n1p44. 

Coleman R. (2001). Cichlids and Science: Bad Cichlids. Cichlid News Magazine,32-34. 

Daba Tugie, Megerssa Endebu, Tokuma Negisho (2014). Comparative study of growth performance of 

three Oreochromis niloticus populations under culture condition in concrete tanks, Zeway, 

Ethiopia. In: Water reservoirs in Ethiopia: Ecology and their benefits. Paper presented at the 6th 

annual conference of the Ethiopian Fisheries and Aquatic Science Association, Mekelle, Editors: 

Brook Lemma and Seyoum Mengistou. 161-178pp. 

Daba Tugie, Megerssa Endebu, Darbew Hailu, Alemu Lema (2017). Screening of Oreochromis niloticus 

strains for their important production traits in high stocking density and low CP feed quality 

without aerating devices in concrete Tanks, Batu, Oromia, Ethiopia. Int. J. Fisheries and Aquatic 

Res, 2(6): 07-10. 

Daget J., Gosse J.P., Teugels G.G., Thys Audenaerde DFEvan den (1991). Check-list of the freshwater 

fishes of Africa (CLOFFA). CLOFFA, 4 

De Verdal H., Vandeputte M., Mekkawy W., Chatain B., Benzie J.A.H. (2018). Quantifying the genetic 

parameters of feed efficiency in juvenile Nile tilapia Oreochromis niloticus. BMC Gene, 19, 105 

(2018). DOI: 10.1186/s12863-018-0691-y 

Degife Asefa, Tuma Ayele and Mekonen Ayana (2019). Characterizing soils and the enduring nature of 

land uses around the Lake Chamo Basin in South-West Ethiopia. J. Ecology and Env., 43:15. 

DOI: 10.1186/s41610-019-0104-9 

Degsera Aemro, Minwyelet Mingist, Yosef Tekle-Giorgis (2019). Catch distribution and size structure 

of Nile tilapia (Oreochromis niloticus) in Lake Tana, Ethiopia: implications for fisheries 

management. African J. Aquatic Sci., 44(3): 273–280. 

Demeke Admassu (1994). Maturity, fecundity, brood size and sex ratio of Tilapia (Oreochromis 

niloticus L.) in Lake Awassa. Ethiopian J. Sci., 17(1), 53-96. 

Demeke Admassu (1996). The breeding season of tilapia, Oreochromis niloticus L. in Lake Awassa 

(Ethiopian Rift Valley). Hydrobiol., 337: 77-83.  



 

84 
 

Dereje Meshesha, Tsunekawa, A. and Tsubo, M. (2012). Continuing land degradation: cause-effect in 

Ethiopia’s Central Rift Valley. Land Degradation & Development, 23(2): 130–143. 

Dereje Tewabe (2015). Preliminary Survey of Water Hyacinth in Lake Tana, Ethiopia. Glob J. Allergy. 

1(1):13-18  

Dereje Tewabe, Erkie Asmare, Wondie Zelalem, Brehan Mohamed (2017). Identification of impacts, 

some biology of water hyacinth (Eichhornia crassipes) and its management options in Lake 

Tana, Ethiopia: Net J Agri Sci, 5(1):8-15  

Drummond C.D., Murgas L.D.S., Vicentini B. (2009). Growth and survival of tilapia Oreochromis 

niloticus (Linnaeus, 1758) submitted to different temperatures during the process of sex reversal. 

Sci.and  agrotec., 33(3): 895-902. DOI: 10.1590/S1413-70542009000300033 

Dsikowitzky L., Mesfin Mengesha, Elias Dadebo, de Carvalho C.E.V. Sindern S. (2012). Assessment of 

heavy metals in water samples and tissues of edible fish species from Awassa and Koka, Rift 

Valley lakes, Ethiopia. DOI: 10.1007/s10661-012-2777-8 

Dudgeon D., Arthington A.H., Gessner M.O., Kawabata Z., Knowler D.J., Leveque C., Naiman R.J., 

Prieu-Richard A.H., Soto D., Stiassny M.L.J., Sullivan C.A. (2007). Freshwater biodiversity: 

importance, threats, status and conservation challenges. Biological reviews, 81(2). 163-182. DOI: 

10.1017/S1464793105006950 

Dunz A.R., Schliewen U.K. (2013). Molecular phylogeny and revised classification of the haplotilapiine 

cichlid fishes formerly referred to as Tilapia. Molec. Phylogen. Evolut.,  68(1): 64-68. DOI: 

10.1016/j.ympev.2013.03.015  

Duponchelle F., Pouyaud L., Legendre M. (1998). Evidence of environmental effects on reproductive 

characteristics of Nile tilapia (Oreochromis niloticus) populations from man-made lakes of Ivory 

Coast. Aquat. Living Resour., 11(3):137-144. 

Dwivedi A.C., Mayank P., Imran S. (2016). Reproductive structure of invading fish, Oreochromis 

niloticus (Linnaeus, 1757) in respect of climate from the Yamuna River, India. J. Climatol 

Weather Forecasting, 4:2 DOI: 10.4172/2332-2594.1000164 



 

85 
 

Edossa Etissa, Nigussie Dechassa, Tena Alamirew, Yibekal Alemayehu and Lemma Desalegne (2013). 

Household Fertilizers Use and Soil Fertility Management Practices in Vegetable Crops 

Production: The Case of Central Rift Valley of Ethiopia. Sci. Technol. Arts Res. J., 2(4): 47-55. 

Eknath A.E., Hulata, G. (2009). Use and exchange of genetic resources of Nile tilapia (Oreochromis 

niloticus). Review in Aquaculture, 1: 197-213. 

Elizabeth Kebede, Zinabu Gebremariam, Ahlgren A. (1994). The Ethiopian Rift Valley lakes. Chemical 

characteristics along a salinity–alkalinity series. Hydrobiol., 288: 1–12. 

El-Sayed A.F.M. (2006). Tilapia culture. CABI publishing, oxfordshire fatty acid metabolism. J 

Nutrition, 132: 222-230.  

El-Zaeem S.Y., Ahmed, M.M.M., Salama, M.E., El-Kader, W.N. (2012). Phylogenetic differentiation of 

wild and cultured Nile tilapia (Oreochromis niloticus) populations based on phenotype and 

genotype analysis. Afr. J. Agric. Res. 7(19): 2946-2954. 

Endalh Mekonnen, Gedion Berihanu and Tizazu Yitayew (2018). Length-weight Relationships, sex 

ratios and size at first maturity of fishes of Lake Ardibo, South Wollo, Ethiopia. Abyss. J. Sci. 

Technol., 3(1): 13-19. 

Ermias Engida , Amit Kumar, Arnim Kuhn and Thomas Gaiser (2019). Household Welfare Implications 

of Better Fertilizer Access and Lower Use Inefficiency: Long-Term Scenarios for 

Ethiopia. Sustainability, 11 (3952); doi:10.3390/su11143952 

Eyasu Elias, Weldemariam Seifu, Bereket Tesfaye, Wondwosen Girmay (2018). Land Use Land Cover 

Changes and their impact on the lake ecosystem of the Central Rift Valley of Ethiopia. 

http://www.preprints.org/ 

FAO (2009). Oreochromis niloticus. In Cultured aquatic species fact sheets. Text by Rakocy, J.E. Edited 

and compiled by Valerio Crespi and Michael New.  

FAO (2018). The state of world fisheries and aquaculture, meeting the sustainable development goals. 

Rome. 28pp 



 

86 
 

Faruk M.A.R., Mausumi M.I., Anka I.Z., Hasan M.M. (2003). Effect of water temperature on the egg 

production and growth of mono-sex Nile tilapia Oreochromis niloticus fry. Bangladesh research 

publication journal, 7(4): 367-377.  

Fasil Degefu, Kibru Teshome, Gashaw Tesfaye, Fikadu Tefera, Aschalew Lakew (2011). Some 

limnological aspects of Koka Reservoir, a shallow tropical artificial lake, Ethiopia . J. Recent 

Trends Biosci.,1(1): 94-100. 

Fasil Degefu, Gashaw Tesfaye, Fekadu Tefera. (2012). Study on adaptability status and reproductive 

success of O. niloticus L. (Piscies: Cichlidae) and Carp (Cyprinus carpio L., 1758) in a Tropical 

Reservoir (Finchaa, Ethiopia). Int. J. Aquac., 2(10): 65-71. 

Fassil Teffera,  Lemmens P., Deriemaecker A., Deckers J., Bauer H., Feleke Woldeyes, Brendonck L. 

De Meester L. (2018). Why are Lake Abaya and Lake Chamo so different? A limnological 

comparison of two neighboring major Ethiopian Rift Valley lakes. Hydrobiol., 829:113–124. 

doi: 10.1007/s10750-018-3707-8 

Fekadu Aduna, Fekadu Fufa, Tamene Adugna, Januszkiewicz, K. (2021). Hydroclimate Trend Analysis 

of Upper Awash Basin, Ethiopia. Water, 13, 1680. https://doi.org/10.3390/w13121680 

Firehun Gebregiorgis, Abera Tafesse, Tariku Gebeyehu, Taye Tessema (2007). Distribution, impact and 

management of water hyacinth at Wonji-Shoa sugar factory. Ethiopian J Weed Management, 

1(1):41-52.  

Firehun Gebregiorgis, Struik P.C., Lantinga E.A., Taye Tessema (2013). Joint use of insects and fungal 

pathogens in the water hyacinth (Eichhornia crassipes): Perspectives for Ethiopia: J Aquatic 

Plant Management, (51):109-121  

Firehun Gebregiorgis, Struik P.C, Lantinga E.A, Taye Tessema (2017). Occurrence and diversity of 

fungal pathogens associated with water hyacinth and their potential as biocontrol agents in the 

Rift Valley of Ethiopia. Int J Pest Management, 63(4):355-363.  

Fraol Abebe, Semu Ayalew, Belete Berhanu (2021). Flood change detection and attribution using 

simulation approach in data -scarce watersheds: A case of Wabi Shebele River Basin, Ethiopia. 

J. water resource and protection, 13(5): 362-393. Doi: 10.4236/jwarp.2021.135023. 



 

87 
 

Gale W.L., Fitzpatrick M.S., Lucero M., Contreras-Sanchez W.M., Schreck C.B. (1999). 

Masculinization of Nile tilapia (Oreochromis niloticus) by immersion in androgen. Aquaculture, 

178: 349-357. 

Gao L. (2016). Can water hyacinth (Echhornia crassipes) be controlled by reducing nitrogen and 

phosphorus pollution of water bodies? Applied ecology and environmental research, 14(3): 77-

91. DOI: 10.15666/aeer/1403_077091 

Gashaw Tesfaye (2006). Population dynamics and stock assessment of Nile tilapia, Oreochromis 

niloticus L. in three Rift Valley Lakes (Koka, Ziway and Langano), M.Sc thesis. University of 

Bremen, Germany. 80 pp. 

Gashaw Tesfaye and Zenebe Tadesse (2008). Length-weight relationship, Fulton's condition factor and 

size at first maturity of tilapia, Oreochromis niloticus L. in Lakes Koka, Ziway and Langano 

(Ethiopian rift valley). Ethiop. J. Biol. Sci., 7(2): 139-157.  

Gashaw Tesfaye and Wolff, M. (2014). The state of inland fisheries in Ethiopia: a synopsis with 4 

updated estimates of potential yield. Ecohydrology & Hydrobiology, 14: 200-219. DOI: 

10.1016/j.ecohyd.2014.05.001 

Gashaw Tesfaye and Wolff, M. (2015). Stock assessment of fishery target species in Lake Koka, 

Ethiopia. Rev. Biol. Trop., 63 (3): 755-770. 

Gashaw Tesfaye, Matthias W., Marc Taylor (2016). Gear selectivity of fishery target resources in Lake 

Koka, Ethiopia: evaluation and management implications. Hydrobiol. 765:277. 

Getinet Gebretsadik, Bart A.N. (2007). Effects of feeding, stocking density and water-flow rate on 

fecundity, spawning frequency and egg quality of Nile tilapia, Oreochromis niloticus (L.). 

Aquaculture, 272, 380-388. 

Golubtsov A.S., Radeat Habteselassie (2010). Fish fauna of the Chamo-Abaya and Chew Bahir Basins 

in southern portion of the Ethiopian Rif Valley: Origin and prospect for survival. Aquatic 

ecosystem health and management 13(1): 47-55. https://doi.org/10.1080/14634980903578506  

Gordon A., Sewmehon Demissie, Melaku Tadesse (2007). Marketing systems for fish from Lake Tana, 

Ethiopia: Opportunities for improved marketing and livelihoods. IPMS (Improving Productivity 



 

88 
 

and Market Success) of Ethiopian Farmers Project Working Paper 2. ILRI (International 

Livestock Research Institute), Nairobi, Kenya. 49 pp. 

Gunderson D.R., Callahan P., Goiney B. (1980). Maturity and fecundity of four species of Sebastes. 

Mar. Fish. Rev. 42(3-4): 74-79. 

Gupta D., Tripathi M. (2017). Length-weight relationships and condition factors of five cyprinidae 

species (Subfamily-Barbinae) from three diverse rivers of Uttar Pradesh, India. Int. J. Fish. and 

Aqua. Stud., 5(2): 594-598. 

Haan N., Majid N., Darcy, J.A. (2006). Review of emergency food security assessment practice in 

Ethiopia. HPG Research Report, World Food Programme, Rome. 

Hadgembes Tesfaye (2007). Spatio-Temporal variations of the biomass and primary production of 

phytoplankton in Koka Reservoir. M.Sc. thesis, Biology, School of Graduate Studies, Addis 

Ababa University, Ethiopia. pp 92.  

Haileyesus Belay, Semu Ayalew, Dereje Hailu (2020). Hydrological performance evaluation of multiple 

satellite precipitation products in the upper Blue Nile Basin, Ethiopia. J. Hydrology: Regional 

Studies, 27: 100664. DOI:10.1016/j.ejrh.2020.100664   

Hammer Ø, Harper DAT, Paul DR (2001). PAST: PAleontological STatistics Software Package for 

Education and Data Analysis. Palaeontologia Electronica, 4 (1), art. 4: 9pp., 178kb. 

http://palaeo-electronica.org/2001_1/past/issue1_01.htm (accessed 01JUL2021). 

Hayashi, M. (2004). Temperature electrical conductivity relation of water for environmental monitoring 

and geophysical data inversion. Env. monitoring and assessment, 96: 119-128. DOI: 

10.1023/B:EMAS.0000031719.83065.68 

Hendry C.I., Martin-Robichaud D.J, Benfey T.J. (2002). Gonadal sex differentiation in Atlantic halibut. 

J. Fish Biol. 60,1431-1442. 

Hepher and Pruginin (1981). Commercial Fish Farming. John Wiley and Sons, New York. pp. 291. 

Hildrew A.G., Raffaeli D., Roberta V. (2007). Body size: the structure and function of aquatic 

ecosystems. Freshwater biology, 54(2). DOI: 10.1017/CBO9780511611223 

http://palaeo-electronica.org/2001_1/past/issue1_01.htm


 

89 
 

Holden M.J., Raitt D.F.S. (1974). Manual of fisheries science. Part 2. Methods of fish resource 

investigation and their application. FAO. Fish. Tech. Pap. (115). 214 pp. 

Hossain E., Sikder H., Kabir H., Sarma S.M. (2015). Nutritive value of water hyacinth (Eichhornia 

crassipes). Online J.of Animal and Feed Research, 5(2):40-44.  

Hussein Abegaz (2015). Fish production from the perspective of Development Goals of Ethiopia, pp 5-

16. In: EFASA 2015, Proceedings of the VII
th

 Annual Conference and Workshop of EFASA, 7-8 

Feb 2015, Arba Minch, Ethiopia. 

IBM SPSS (2011). Statistics for Windows, Version 20.0 Armonk, NY: IBM Crop. 

IPoE (2013). International panel of experts (IPoE) on Grand Ethiopian Renaissances Dam Project 

(GERDP) final report. Addis Ababa, Ethiopia. 54pp. 

Isiuku B.O., Enyoh C.E. (2020). Pollution and health risks assessment of nitrate and phosphate 

concentrations in water bodies in South Eastern, Nigeria. Envir. Advances, 2, 100018. DOI: 

10.1016/j.envadv.2020.100018 

Juarez-Juarez V., Alcantar-Vazquez J.P., Antonio-Estrada C., Marín-Ramírez J.A., Moreno-De La Torre 

D. (2017). Feminization by 17α-Ethinylestradiol of The Progeny of XY-Female Nile Tilapia 

(Oreochromis niloticus). Effects on Growth, Condition Factor and Gonadosomatic Index. 

Turkish J. Fisheries and Aquatic Sc. 17: 599-607. 

Kassaye Balkew, Gjoen, H.M. (2012). Comparative studies on the growth performance of four juvenile 

Oreochromis niloticus L., (1758) strains in pond culture, Ethiopia. Int. J. Aquaculture,   2(7): 40-

47. 

Kausar R., Sadozai S., Achakzai W.,Yar A.A., Tariq N., Ali H. (2019). Estimation of Fecundity and 

Gonado-Somatic Index of Oreochromis niloticus (Linnaeus) from Fish Market of Quetta, 

Balochistan. J Entomol Zoolog Stud., 2(1): 006. 

Khater E.G., Ali S.A. and Mohamed W.E. (2017). Effect of Water Temperature on Masculinization and 

Growth of Nile Tilapia Fish. J Aquac Res Development 8:9 DOI: 10.4172/2155-9546.1000507 

Lagler K.F. (ed.) (1956). Freshwater fishery biology, 2
nd

 ed. W.C. Brown publishers, Dubuque, Iowa. 

https://doi.org/10.1016/j.envadv.2020.100018


 

90 
 

Lago A.A., Rezende T.T., Dias M.A.D., de Freitas R.T.F., Hilsdorf A.W.S. (2016). The development of 

genetically improved red tilapia lines through the backcross breeding of two Oreochromis 

niloticus strains. Aquaculture, 472: 17-22. DOI: 10.1016/j.aquaculture.2016.06.042  

Layden A., Merchant C. and MacCallum S. (2015). Global climatology of surface water temperatures of 

large lakes by remote sensing. International J Climatology, 35(15). DOI: 10.1002/joc.4299 

Lemma Abera (2012). Breeding Season and Condition Factor of Oreochromis niloticus (Pisces: 

Cichlidae ) in Lake Babogaya, Ethiopia. Int. J. Agri. Sci., 2(3): 116-120. 

Lemma Abera (2013). Reproductive biology of Oreochromis niloticus in Lake Beseka, Ethiopia. J. of 

Cell and Animal Biology, 7(9): 116-120. 

Lemma Abera (2016). Current Ecological Scenario of some Rift Valley Lakes of Ethiopia: A review. 

EC Agriculture, 3.1: 570-580. 

Lewis W.M. (2000). Basis for the protection and management of tropical lakes. Lakes & reservoir 

research & management, 5(1): 35-48. DOI: 10.1046/j.1440-1770.2000.00091.x 

LFDP (1997). Lake management plans. Lake fisheries development project, phase II: working paper 23, 

pp 49. Ministry of Agriculture, Addis Ababa, Ethiopia. 

Limburg K. E. (2009). Aquatic ecosystem services. In book: Encyclopedia of inland waters. (pp. 25-30). 

DOI: 10.1016/B978-012370626-3.00004-1   

Loiselle P. (1985). The Cichilid Aquarium, Tetra Press. ISBN 3-923880-20-0 

Lowe-McConnell R.H. (1982). Tilapias in fish communities. p 83-113. In: Pullin, R.S.V. and Lowe-

McConnell, R.H. (ed.). The biology and culture of tilapias. ICLARM conference Proceedings 7, 

Manila, Philippines. p 432. 

Macintosh D.J., Little D.C. (1995). Nile tilapia (Oreochromis niloticus). In: Bromage, N.R., Roberts, R. 

J. (Eds.). Broodstock management and egg and larval quality. Cambridge: Blackwell,. chap. 12, 

p. 277-320. 

Mathewos Hailu (2014). Gill net selectivity and length at maturity of Nile tilapia (Oreochromis niloticus 

L.) in a tropical reservoir (Amerti: Ethiopia). J. Agri. Sci. Technology, 4: 135-140. 



 

91 
 

Meerhoff M., de Mello F.T., Kruk C., Alonso C. (2012). Environmental warming in shallow lakes: A 

review of potential changes in community structure as evidenced from space-for-time 

substitution approaches. Advances in ecology 46. DOI: 10.1016/B978-0-12-396992-7.00004-6. 

Megerssa Endebu, Alemu Lema, Tilahun Genet, Assefa Mitike, Bulbula Regassa, Eshete Dejen and 

Hussein Abegaz, (2015). Fisheries Baseline Survey Describing Status of Fisheries in Lake 

Zeway, Ethiopia. Fisheries Livest Prod, 3: 129. DOI: 10.4172/2332-2608.1000129  

Megerssa Endebu, Daba Tugie and Tokuma Negisho (2016). Fish growth performance in ponds 

integrated with poultry farm and fertilized with goat manure: a case in Ethiopian Rift Valley. Int. 

J. Fishery Sci. Aquac.  3(2): 40-45. 

Megerssa Endebu, Derribew Hailu and Daba Tugie (2017). Development of all-male tilapia fingerlings 

through sex reversal by heat treatment: Strain evaluation. In: Proceeding of review workshop on 

completed research activities of livestock research directorate held at Adami Tullu Agricultural 

research center between 17-21 November 2015. Oromia Agricultural Research Institute. Finfine, 

Ethiopia. pp247. 

Megerssa Endebu, Abebe Getahun and Misikire Tessema (2021a).  Differences in phenotypic characters 

of Nile tilapia (Oreochromis niloticus L) in three Ethiopian Rift Valley lakes; Screening strains 

for aquaculture. Fish Aquac J. 12(s1):001. DOI: 10.35248/2150-3508.21.s1.001 

Megerssa Endebu, Abebe Getahun and Misikire Tessema (2021b). Variations in reproductive 

characteristics among Oreochromis niloticus populations of three Ethiopian Rift Valley lakes. J. 

Biol. Sci., 21: 19-28. DOI: 10.3923/jbs.2021.19.28 

Melaku Mesfin, Tudorancea, C. and Baxter, R.M. (1988). Some limnological observations on two 

Ethiopian hydroelectric reservoirs: Koka (Shewa administrative district) and Finchaa (Welega 

administrative district). Hydrobiol., 157: 47-55. DOI: 10.1007/BF00008809  

Mesfin Gebrehiwot, Demeke Kifle, Ludwig Triest (2020). Partitioning the influence of hydrodynamics-

induced physical variables and nutrients on phytoplankton assemblages in a shallow tropical 

reservoir (Koka, Ethiopia). Limnology, doi.org/10.1007/s10201-020-00611-5. 



 

92 
 

Misikire Tessema, Andreas Müller-Belecke, Gabriele Hörstgen-Schwark (2006). Effect of rearing 

temperatures on the sex ratios of Oreochromis niloticus populations. Aquaculture, 258, 270–277 

doi:10.1016/j.aquaculture.2006.04.041 

Nicholas D.S. (1983). Capacity of natural wetlands to remove nutrients from wastewater. Water 

pollution control federation, 55 (5): 495-505.  

Nivelle R., Gennotte V., Kalala E.J.K., Ngoc N.B., Muller M., Melard C., Rougeot C. (2019). 

Temperature preference of Nile tilapia (Oreochromis niloticus) induces spontaneous sex 

reversal. PLoS ONE, 14(2): e0212504. DOI: 10.1371/journal.pone.0212504 

Njiru M., Ojuok, J.E., Okeyo-Owuor, J.B., Muchiri M., Ntiba M.J., Cowx I.G. (2006). Some biological 

aspects and life history strategies of Nile tilapia, Oreochromis niloticus (L.) in Lake Victoria, 

Kenya. Afr. J. Ecol., 44 : 30-37. 

Njiru M., Ojuok J., Getabu A., Jembe T. (2008). Increasing dominance of Nile tilapia, Oreochromic 

niloticus (L) in Lake Victoria, Kenya: Consequences for Nile perch Lates niloticus (L) fishery. 

Aquatic ecosystem health and management, 11(1): 42-49. DOI: 10.1080/14634980701878090  

OCHA, UN-OCHA Ethiopia/ I.M. Unit  (2006). Major river basins of Ethiopia. http://www.idp-

uk.org/Resources/Maps/TopographicThematic%20Maps/Major-River-Basins-Map.pdf accessed 

on 10 May, 2021. 

Paaijmans K., Takken W., Githeko A.K., Jacobs A.F.G.  (2008). The effect of water turbidity on the 

near surface water temperature of larval habitats of the malaria mosquito Anapheles gambiae. 

International J Biometeorology. 52(8):747-53. DOI: 10.1007/s00484-0167-2  

Pal M., Samal N.R., Roy P.K., Roy M.B. (2015). Electrical conductivity of lake water as environmental 

monitoring: A case study of Rudrasagar Lake.  IOSR J Environmental Science, Toxicology and 

Food Technology, 9(3): 66-71. DOI: 10.9790./2402-09316671 

Phelps R.P., Popma T.J. (2000). Sex reversal of tilapia, The World Aquaculture Society, Baton Rouge, 

Louisiana, USA, 2: 34-59. 

 



 

93 
 

Pullin R.S., Palmares M.L., Casal C.V., Dey M.M., Pauly D. (1997). Environmental impacts of tilapias. 

[Proceedings of the Fourth International Symposium on Tilapia in Aquaculture], [ed. by 

Fitzsimmons K]. Ithaca, NY, USA: Northeast Regional Agricultural Engineering Service. 554-

572. 

Reddy K.R., Tucker J.C. (1983). Productivity and nutrient uptake of water hyacinth, Eichhornia 

crassipes: I- Effect of nitrogen source. Econ. Bot., 37: 237-247.  

Reddy K.R., Tucker J.C. (1989). Influence of nitrogen supply rates on growth and nutrient storage by 

water hyacinth (Eichhornia crassipes) plants. Aquatic botany, 36(1):33-43. DOI: 10.1016/0304-

3770(89)90089-2 

Ridha M.T. (2006). Comparative study of growth performance of three strains of Nile tilapia, 

 (Oreochromis niloticusL.) at two stocking densities. Aquaculture Research, 37: 172-179. 

Ritchie H., Roser M. (2018). "Meat and Seafood Production & Consumption". Published online at 

OurWorldInData.org. Retrieved from: Retrieved from 'https://ourworldindata.org/meat-and-

seafood-production-consumption'  

Robinson B.W., Wilson D.S. (1995). Experimentally induced morphological diversity in Trinidadian 

guppies (Poecilia reticulata). Copeia, 2: 294- 305. 

Rothuis A., van Duijn A.P., Eshete Dejen, Kamstra A., van der Pijl W., Rurangwa E., Stockkers R. 

(2012). LEI Report 2012-003, IMARES Report C035/12. 138pp. 

Samuel Bekele Mengistu, Mulder, H.A., Benzie, J.A.H., Komen H. (2019). A systemic literature review 

of the major factors causing yield gap by affecting growth, feed conversion ratio and survival in 

Nile tilapia (Oreochromis niloticus). Reviews in Aquaculture, 12(2) : 524 - 541.  DOI: 

10.1111/raq.12331  

Seifu Seyoum and Kornfield, I. (1992). Taxonomic notes on the Oreochromis niloticus subspecies-

complex (Pisces: Cichlidae), with a description of a new subspecies. Can. J. Zool., 70: 2161-

2165.  

Seleshi Bekele, Aster Denekew, Makonnen Loulseged, Loiskandl W., Mekonnen Ayana, Tena 

Alamirew (2007). Water Resources and Irrigation Development in Ethiopia. Colombo, Sri 

Lanka: International Water Management Institute. 78p. (Working Paper 123). 



 

94 
 

Senait Gebremeskel (2015). Conceptive science of Oreochromis niloticus in Lake Beseka, Ethiopia. Int. 

J. Cell and Animal Biology, 2 (3):084-087. 

Smith E.S., Phelps R.P. (2001). Impact of feed storage conditions on growth and efficacy of sex reversal 

of Nile tilapia. North American J Aquaculture, 63(3), 242-245. 

Tadesse Fetahi (2019). Eutrophication of Ethiopian water bodies: a serious threat to water quality, 

biodiversity and public health. African J. Aquatic Sci., 44(4). DOI: 

10.2989/16085914.2019.1663722 

Tadlo Awoke, Minwyelet Mingist, Abebe Getahun (2015). Abundance and species composition of the 

fishes in Blue Nile River below the Tiss Issat Fall, Ethiopia. proceeding of EFASA, Addis 

Ababa, Ethiopia. pp277-294.  

Talling J.F., Talling, I.B. (1965). The chemical composition of African Lakes. Freshwater biological 

association, Ambleside, England. Int. Revue ges. Hydrobiol., 50 (3): 421 - 463. 

Tenalem Ayenew (2009). Natural lakes of Ethiopia. Addis Ababa University Press, Addis Ababa, 

Ethiopia. pp 206.  

Tenalem Ayenew and Dagnachew Legesse (2007). The changing face of the Ethiopian rift lakes and 

their environs: Call of the time. Lakes and reservoirs research and & management, 12(3): 149-

165. DOI: 10.1111/j.1440-1770.2007.00332.x 

Teodros Rango, Bianchini, G., Beccaluva, L., Tenalem Ayenew and Colombani, N. (2009). 

Hydrogeochemical study in the Main Ethiopian Rift: new insights to the source and enrichment 

mechanism of fluoride. Environ Geol, 58:109 –118. DOI 10.1007/s00254-008-1498-3 

Tesfaye Abraham, Abraham Woldemicheal, Alemayehu Muluneh, Brook Abate (2018). Hydrological 

responses of climate change on Lake Ziway catchment, central rift valley of Ethiopia. J Earth 

Sci. clim. change, 9: 474. DOI: 10.4172/2157-7617.1000474 

Tesfaye Muluye, Yosef Tekle-Giorgis, Girma Tilahun (2016). The extent of immature fish harvesting by 

the commercial fishery in Lake Hawassa, Ethiopia. Momona Ethiop. J.  Sci., 8(1):37-49. 



 

95 
 

Tesfaye Wudneh (1998). Biology and management of fish stock in Bahir Dar Gulf. Lake Tana, Ethiopia, 

pp 1–136. PhD Thesis, Wageningen, the Netherlands, Agricultural University, Wageningen 143 

pp. 

Teshager Assefa (2020). Household level food insecurity assessment: Evidence from panel data, 

Ethiopia. Scientific Africa, 7.  DOI: 10.1016/j.sciaf.2019.e00262  

The World Bank (2020). Challenges and opportunities for water in development in the lowlands of 

Ethiopia. Report No: AUS0001640. 1818 H Street NW, Washington DC 20433, USA. pp24 

Tibihika P.D., Curto M., Alemayehu E., Waidbacher H., Masembe C., Akoll P., Meimberg H. (2020). 

Molecular genetic diversity and differentiation of Nile tilapia (Oreochromis niloticus, L. 1758) in 

East African natural and stocked populations. BMC Evolutionary Biology, 20:16, 

https://doi.org/10.1186/s12862-020-1583-0 

Torrance A.W. (2010). Patent law, HIPPO, and the biodiversity crisis. John Marshall review on 

intellectual property law, 9: 622-650.  

Trewavas E. (1983). Tilapiine fishes of the genera Sarotherodon, Oreochromis and Danakilia. London, 

UK: British Museum of Natural History. 583. 

Verma R., Sivappa (2017). Calculating growth rate of water hyacinth pollution wise (in relation to 

trophic state). Int. J. Engi. and Technical Research, 7(7): 85-90 

Vijverberg J., Eshete Dejen, Abebe Getahun and Nagelkerke L.A.J. (2012). The composition of fish 

communities of nine Ethiopian lakes along a north-south gradient: threats and possible solutions. 

Animal Biology. DOI 10.1163/157075611X618246 

VSN International (2020). Genstat for Windows 21st Edition. VSN International, Hemel Hempstead, 

UK. Web page: Genstat.co.uk.  

Walberg E. (2011). Effect of increased water temperature on warm water fish feeding behavior and 

habitat use. J. undergraduate research at Minnesota state university, Mankato: 11(13). Available 

at https://cornerstone.lib.mnsu.edu//jur/vol11/iss1/13  

Welcomme, R. (1988). International introductions of inland aquatic species. In: FAO Fisheries 

Technical Paper, 318 pp 

https://www.cabi.org/isc/abstract/20087204790
https://www.cabi.org/isc/abstract/20087204790


 

96 
 

Wood R.B., Talling, J.F. (1988). Chemical and algal relationships in a salinity series of Ethiopian inland 

waters. Hydrobiologia, 158: 29-67. 

Workiyie Worie and Abebe Getahun (2014). Length-weight relationship, condition factor and some 

reproductive aspects of Nile tilapia Oreochromis niloticus in Lake Hayq, Ethiopia. Int. J. of Zool. 

and Res. (IJZR), (4)5: 47-60. 

Yared Tigabu (2010). Stocking based fishery enhancement programmes in Ethiopia. Ecohydrology & 

Hydrobiology, 10(2-4) : 241-246. DOI : 10.2478/v10104-011-0012-9   

Yirga Enawgaw and Brook Lemma (2018). Seasonality in the diet composition and ontogenetic dietary 

shifts of Oreochromis niloticus L. (Pisces: Cichlidae) In Lake Tinishu Abaya, Ethiopia.  Int. J. 

Fisheries and Aquatic Res., 3(1): 49-59. 

Yirgaw Teferi and Demeke Admassu (2002). Length-weight relationship, body condition and sex ratio 

of tilapia (Oreochromis niloticus L) of Lake Chamo, Ethiopia. SINET: Ethiop. J. Sci., 25(1): 19-

26.  

Yitayal Alemu, Snoeks, J., Yosef Teklegiorgis, Nyssen, J., Brendonck, L. (2017). Assessing sustainable 

fishing yields using length-based analytical models: A case study with Nile tilapia in Lake 

Hawassa (Ethiopia). J. Fisheries Livest Prod, 5:4. DOI: 10.4172/2332-2608.1000255. 

Yonas Fessehaye, Komen, H., Rezk, M.A., Arendonk, J.A.M. (2007). Effect of inbreeding on survival, 

body weight and fluctuating asymmetry (FA) in Nile tilapia, Oreochromis niloticus. Aquaculture 

264(1-4): 27-35. DOI: 10.1016/j.aquaculture.2006.12.038 

Zar J.H. (1999). Biostatistical Analysis, Prentice-Hall, New Jersey.  p. 620. 

Zenebe Tadesse (1988). Studies on some aspects of the biology of Oreochromis niloticus L. (Pisces: 

Cichlidae) in Lake Ziway, Ethiopia. M.Sc thesis, Addis Ababa University, Addis Ababa. 78 pp. 

Zenebe Tadesse (1997). Breeding season, fecundity, length-weight relationship and condition factor of 

Oreochromis niloticus L. (Pisces: Cichlidae) in Lake Tana, Ethiopia.  SINET: Ethiop. J. Sci, 

20(1):31-47. 

 

https://www.sciencedirect.com/science/journal/16423593
https://www.sciencedirect.com/science/journal/16423593
https://doi.org/10.2478/v10104-011-0012-9


 

97 
 

Zerihun Dejene (2008). Impact of fisheries and water quality changes on the management of Lake 

Chamo. MSc. Thesis, A thesis submitted to the school of Graduate studies of the Addis Ababa 

University in Partial fulfillment of the requirements for the degree of Master of Science in 

Environmental science. 

 


