
ADDIS ABABA UNIVERSITY

{ / 'V

SCHOOL OF GRADUATE STUDIES

The Condition factor, Feeding and Reproductive

Biology of Oreochromis niloticus L. (Pisces: Cichlidae)

in Lake Beseka (Metehara), Ethiopia.

By Gashaw Beyene

June, 2005

a
0
05

• !.

f

-

l
% rff

\v

A
*«

•<.. V... V

V" A
f.

H A »' i JL) i 3; A.
•v ...s

‘ft ;
}



The Condition factor, Feeding and Reproductive Biology

of Oreochromis niloticus L. (Pisces: Cichlidae)

in Lake Beseka (Mrtrhara), Ethiopia.

A thesis presented to the School of Graduate Studies,

Addis Ababa University

In partial fulfillment of the requirement for the degree of

Master of Science in Biology

By Gashaw Beyene

June, 2005



Acknowledgments

It gives me great pleasure to acknowledge my research supervisor Dr. Demeke

Admassu, for suggesting the research area, unreserved advice and critical

comments during the course of my study. Without his generous help and support

it would have been impossible to complete my study.

I would like to express my sincere appreciation to Drs. Abebe Getahun and

Seyoum Mengistou for their constant encouragement and providing me with

relevant literature. I would also like to express my deep gratitude and

appreciation to Dr. Tenalein Ayenew (from Geology Department of AAU) for

providing me with the map of Lake Beseka and other valuable information about

the lake,

I would like to express my deep appreciation to the School of Graduate Studies,

A.A.U. for the financial support to this study. I am also deeply indebted to Dr.
Demeke Kifle for the financial support especially for the last two field trips from

his project and for his generous help in providing me with relevant literature, and

I am thankful to Addis Ababa Administration Education Bureau for sponsoring my

study. The Department of Biology, AAU, is also gratefully appreciated for giving



me such an opportunity to study at the department and providing me vehicle,

field equipment and other materials for the field work,

A special thanks to Oromiya Agricultural Development Bureau, in particular to

Fishery Department of Biology Fentale Woreda Rural Development Office,

particularly Alemu Diribi, for his valuable support in my study by providing me

with some field equipment.

I wish to thank my colleagues in Fisheries and Aquatic Science Stream especially

Wassie Anteneh, Getachew Beneberu and Tadesse Fetahi for their constructive

advice and provoking discussion related to my study.

I am extremely grateful to all member of my family , especially to my father Ato

Beyene Haile, for his encouragement support and precious love to accomplish

my thesis work successfully.

Finally and most importantly I would like to thank my field assistants and

fishermen like Alemayehu Wolde, Tamirat Terefe and Azimach Wolde at Lake

Beseka for their unforgettable help during the field work.

' ' 1 * 1 * • • * , ,

Above all, I praise My LORD. ' ; r ; | i .’ p \'.h



Table of contents
Page

Acknowledgements i

List of tables.. v

List of figures vi

Abstract viii

1. Introduction 1

2. Study area 8

3. Materials and methods 16

3.1. Field sampling and measurements 16

3.2. Length -weight relationship and condition factor 17

3.3. Food and feeding habits 18

3.3.1. Stomach contents 18

3.3.2. Relative contribution of major food items 18

3.3.3. Seasonal feeding periodicity 19
*

3.4. Reproductive biology 20

3.4.1. Sex- ratio and length at maturity 20

3.4.2. Fecundity estimation 20

3.4.4. Breeding season 20

111



4. Results 22

4.1. Length -weight relationship and condition factor 22

4.2. Food and feeding habits 25

4.2.1. Stomach contents 25

4.2.2. Relative contribution of major food items 27

4.2.3. Seasonal feeding periodicity 32

4.3. Reproductive biology 35

4.3.1. Sex ratio and length at maturity 35

4.3.2. Fecundity estimation 39

4.3.3. Breeding season 41

5. Discussion 43

5.1. Length - weight relationship and condition factor 43

5.2. Food and feeding habit 46

5.3. Reproductive biology 54

6. Conclusion and recommendations 62

7. References 64

iv



List of tables
Page

1. Some physical and chemical characteristics of Lake Beseka (Unless

indicated otherwise data are from the present study) 10

2. List of zooplankton species identified in net samples taken

from Lake Beseka * 15

3. Items encountered in the stomach contents of O. niloticus

in Lake Beseka 26

4. Relative importance of different food items in the stomach

contents of O. niloticus in Lake Beseka * 29

5. Number of female and male O. niloticus from Lake Beseka

showing sex ratio by sampling month and Chi-square test 36

6. Number of female and male of O. niloticus of various size

classes showing sex ratio and Chi-square test 37

v



List of figures
Page

1. Map of Ethiopia (inset) and Rift Valley Lakes with their drainage basin

pattern. The arrow indicates Lake Beseka (Modified after Elizabeth

Kebede et alM 1994 and Demeke Admassu, 1998) 9

2. Map of Lake Beseka showing sampling sites and its surroundings

(Tenalem Ayenew, 2004) 11

3. Rainfall (mm) pattern of L. Metehara area from August 2003 to Agust 2004

(Data from National Meteorological Organization of Ethiopia) 12

4. Seasonal variation in the mean maximum and minimum air temperature

(°C) of L. Metehara area from August 2003 to August 2004 (Data from

National Meteorological Organization of Ethiopia) 13

5. Length - Weight relationship of O. niloticus from Lake Beseka 23

6. Temporal variation in Fulton’s condition factor (mean ± SE) of O. niloticus

from Lake Beseka for both sexes 24

7. Frequency of animal remains in different size classes of O. niloticus in

Lake Beseka 30

8. Frequency of O. niloticus with empty stomachs 32

9. Relative importance of various food items of O. niloticus in L. Beseka

determined using (a) percentage composition by number and (b)

percentage frequency of occurrence (c) for animal remains only 34

VI



10. The proportion of mature females (a) and males (b) out of the total

fish caught in 4cm length interval 38

11. Fecundity (F) of O. niloticus in L. Beseka in relation to: (a) total

length TL), (b) total weight (TW), (c) gonad weight (GW) 40

12. Temporal variation in gonadosomatic index (GS1 ±SE) of O. niloticus

from Lake Beseka determined for both sexes separately 42

13. Temporal variation in frequency (%) of female and male O. niloticus

at ripe stages in Lake Beseka 42

Vll



Abstract

The condition factor, feeding and reproductive biology of O. niloticus from L.

Beseka, Ethiopia, were studied from samples taken during November 2003 to

November 2004. The length- weight relationship of 1028 fish ranging in size

from 4 cm to 24 cm TL and from 6 g to 140 g TW was computed. The

2 g
relationship was curvilinear, and described by TW = 0.0546 X TL ! the

regression equation for females was TW = 0.1005 X TL2'3 and that of males was

TW = 0.0742 X TL2'7. Fulton’s condition factor (FCF) was calculated for the total

sample as well as for both sexes separately. The mean monthly FCF was highly

significantly different between sampling months and sexes and the sex by month

interaction was insignificant. The mean .i SE ranged from 1.2 ± 0.06 to 2.0 ±

0.04 for females whereas from 1.3 ± 0.01 to 2.6 ± 0.04 for males. The stomach

contents of 690 fish (200 males and 490 females) were examined. The stomach

contents were found to be composed of diverse items. A total of 22 algal genera

belonging to three families! Cyanophyceae (blue greens), Chlorophyceae (green

algae), Bacillariophyceae (diatoms), were identified. Among the diatoms

Navicula, Cyclotella, Cymbella and Thallasiossira, from the blue greens

Microcysts, Osciiiatoria and Anabena and from the green algae Cosmarium,

Botryococcus and Scendsmus were the most frequently encountered algal genera

in the stomach of the fish. In addition, foods of animal origin, zooplankton,

macrophytes, sand grains and detritus were found in the stomach of the fish.
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Generally, diatoms and blue greens as a group contributed the bulk of the diet.

Considering the average importance of algal genera, Microcysts and Navicula are

the most important in the diet of the fish in L. Beseka. The smallest sexually

mature female was 6 cm TL whereas the male was 10 cm TL. However, the 50%

maturity length (Lso) was 12cm TL for females and 14cm TL for males, and all

fish above 20cm TL were sexually mature. The average ± SE fecundity of O,

niloticus ranging in length from 10 to 23cm TL and in weight from 14 to 81g TW

was 154 ± 2.8. The smallest count was 110 eggs and the largest was 235 eggs.

In general, fecundity of O. niloticus in L. Beseka was linearly related to total

length, total weight and gonad weight. The mean monthly gonadosomatic index

(GSI) of females ranged from 0.7 to 3.5 and that of males from 0.6 to 2.1. There

was biannual cycle in which GSI increased from February peaking in April and

from August peaking in September. Ripe females and males also occurred at high

frequencies in April and September. Hence, it was found that the fish in L.

Beseka spawned throughout the year, with a peak of activity between March and

April and also between August and September.

Key words/ phrases: Breeding season , fecundity, Fulton’s condition factor,

L. Beseka, Oreochromis niloticus, stomach contents.
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1. Introduction

The group of fishes commonly known as Tilapia (family: Cichliclae) are mainly

indigenous to Africa (Balarin and Hatton , 1979), but many species are now found

in most tropical and subtropical waters of Africa, South America and Asia (Fryer

and lies, 1972). Tilapias are generally grouped into four genera, Tilapia,

Sarotherodon, Danakilia and Oreochromis (Trewavas, 1983).

Oreochromis niloticus, a member of the group, is a broadly distributed tilapiine in

Ethiopia (Trewavas, 1983). It is found in almost all lakes and rivers of Ethiopia

(Shibru Tedla, 1973). According to LFDP (1995) it accounts for about 60% of the

annual commercial fishery of the country. Therefore, it is one of the most

important species biologically and in the fisheries of Ethiopia.

Although, tilapiine fishes in general are herbivores (Fryer and lies, 1972), they

have diversified diet composed of both vegetation and animal components. The

vegetation component is usually dominant and consists phytoplankton , epilithic

algae, epiphytic algae, vegetation debris and sediment rich in diatoms

and bacteria (Balarin and Hatton , 1979). The animal component in the diet of

tilapia consists of zooplankton and benthic animals such as insect larvae,

crustaceans and mollusks (Balarin and Hatton , 1979). According to Philipart and
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Ruwet (1982), members of the genus Tilapia, T. rendalli, T. sparrmani, T. zilli,

and T. thollinii are chiefly macrophyte feeders and adults feed preferentially on

filamentous algae, macrophytes and vegetable matter of terrestrial origin.

The genus Sarotherodon usually feeds on the blue green algae, epilithic algae,

insect larvae, crustacean and mollusks (Harbot, 1975; Sparatu and Zorn , 1978).

O. niloticus feeds on phytoplankton mostly blue green, green algae and diatoms.

Rotifers, crustaceans and aquatic insects are also common food for the fish

(Fryer and lies, 1972). Harbott (1975) reported that this fish also feeds on small

particles probably including bacteria, aided by mucus produced in the bucal

cavity. However, as it is the case in several fish species, the food habit of O.

niloticus is extremely variable within a water body depending on the size and age

of the fish, the habitat occupied and the time of the year (Phlipart and Ruwet,

1982). Thus, the fish species feeds mainly on phytoplankton as adult. The fry

and early juvenile are omnivores. They actively pursue rotifers, copepods,

benthic animals such as insect larvae and chironomid larvae. These fish tend to

eat progressively more phytoplankton as they grow older and upon reaching 6

cm total length, phytoplankton forms almost the entire diet (Moriarity, 1973).

The food and feeding habits of O. niloticus have been studied in most lakes of

Ethiopia. For instance, from Lake Awassa (Tudorancea et ah , 1988; Getachew
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Teferra and Fernando, 1989), Lake Ziway (Zenebe Tadesse, 1988), Lake Chamo

(Yirgaw Teferi, 1997; Yirgaw Teferi et al, 2000). From these and other studies it

has been known that the fish is omnivorous at early developmental stage but

herbivorous at the later developmental stage. Because of its herbivorous feeding

habit it plays an important role in transferring energy from the base of the food

chain to the top consumers (Zenebe Tadesse, 1999).

Studies on the stomach content of adult O. niloticus shows that the common

composition of the group of phytoplankton mainly includes the blue green algae,

green algae, diatoms, macrophyte and amorphous detritus (Tudorancea et al.,

1988; Zenebe Tadesse, 1988; Getachew Teferra and Fernando, 1989; Kebede

Alemu, 1995; Yirgaw Teferi, 1997; Yirgaw Teferi et al, 2000). Feeding activity of

tilapia in general, according to many researchers, varies seasonally based on

various factors such as temperature, the time of the day and reproduction.

Although seasonal changes in day length and temperature are small in the

tropics, seasonal changes in wind and rainfall regimes do cause some seasonality

in most tropical ecosystems (Lowe-McConnell, 1987). Therefore, qualitative and

quantitative changes in the available food of the fish could result from wind

pattern and rainfall regimes in tropical lakes (Lowe-McConnell , 1987).
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Tilapias have many similarities with other cichlids in their reproductive habit.

They actually exhibit a high degree of parental care, and in this respect, they are

clearly divided into substrate spawners and mouth brooders (Lowe-McConnell,

1959). The reproductive biology of O .niloticus, a maternal mouth brooder, in the

Ethiopian lakes has been studied by Zenebe Tadesse (1988; 1997), Demeke

Admassu (1994; 1996), and Yirgaw Teferi et al. (2001). The fish breeds

continuously throughout the year in the Ethiopian lakes, but the breeding activity

is intensive during the periods from December to March in Lake Ziway (Zenebe

Tadesse, 1988) , January to April and July to September in Lake Awassa (Demeke

Admassu, 1994; 1996), April to August (peaking in June and July) in Lake Tana

(Zenebe Tadesse, 1997) and from March to June in Lake Chamo (Yirgaw Teferi,

(1997). Stewart (1988) also reported that the species in Lake Turkana breeds

continuously throughout the year but peak breeding occurs during March to July.

The peak breeding activity of the fish in Lakes Awassa and Ziway, according to

Zenebe Tadesse (1988) and Demeke Admassu (1989), respectively, appear to be

correlated with rainfall, peak in phytoplankton biomass and other associated

factors.

The main breeding activity of the fish species in the tropics in general has been

associated with light intensity, temperature, water level and seasonal flooding

4












































































































































