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Observations on the Fisheries, Growth and Mortality Rate of 
Oreochromis niloticus (Tilapia) in the Nyanza Gulf of Lake Victoria 

Samuel A. 0. Dache 
Kenya Marine and Fisheries Research Institute 

P.O. Box 1881, Kisumu, KENYA 

ABSTRACT 

Oreochromis niloticus forms the third most important commercial fishery in Lake Victoria after 
Lates niloticus and Rastrineobola argentea Because of its commercial importance as a cheap 
source of animal protein, a study of its landing trends, growth and mortality rates was conducted to 
assess the state of its stock in the lake and recommend guidelines for its exploitation and 
management. To arrive at the trends, landing data between 1976 and 1989 were analysed. But for 
the estimation of the growth and mortality rates, length frequency data were collected from trawl 
surveys conducted fortnightly between September, 1989 and August, 1390 in the Nyanza Gulf. 

 he results show increased landings during the study period, with a higher percentage landed 
in the open waters of the lake. The length-frequency results show that 0, niloticus is a slow growing 
fish which attains a great asymptotic length of 61.3cm, a growth constant K of 0.35 y r l  and a high 
growth performance index 0 of 3.12. The total, natural and fishing mortality rates were estimated at 
1.71 yr-1 and 0.72, 0.99 y r l  respectively. 

It is concluded from our studies that 0, niloticus has a high growth performance index attaining 
larger sizes and if well managed, its fishery may flourish and sustain the protein supply to the people 
living around the lake. 

Key Words: Oreochromis niloticus, landing trends, growth, mortality, length frequency, trawl 
surveys, growth performance. 

Introduction depth of 40 m. it is shared by the riparian 
states of Kenya, Uganda and Tanzania. Its 

Lake Victoria covers 68,000 ~ r n ~ ,  has a shoreline is irregular and indented, with 
maximum dcplh of 100 m and a mean shallow protected bays and sandy exposed 



beaches. The Kenya watersconstituLe4,100 
Km2 representing 6% of the total surface 
area. 

The fishery in the Kenya waters has 
been supported for many years by 
indigenous specics of 0. esculentus, 0. 
variabilis, Labeo victoria nus, Barbus spp., 
Mormyrus kannume, Schilbe mystus, 
Protopterus, Bagrus docmac, Clarias 
mossambicus and Haplochromis spp. It 
has also seen changcs in the dominant 
species in the catch. Mainga (1982), 
observed that the catch in the Nyanza Gulf 
comprised of 63.6% L. niloticus, 20.7% 
Rastrineobola argentea, 7.4% 0. niloticus, 
1.5% Clarias mossambicus and thc rcst 
6.8% comprisedofHaplochromisand other 
anadromous spccies such as Lubeo 
victorianus,  Barbus spp., Clarias 
mossambicus, the Mormyridae, Synodontis 
spp and Alestes spp. 

The Nyanza Gulf has an area of 1,400 
Km2 representing 33.1% of thc total area 
of Kenya waters of thc lake. It has 
multispecies fisheriesexploited by gillnets, 
hooks, beach and mosquito seines. The 
fish stocks in the Gulf are much lower than 
in the open watcrs, (Garrod 1960, Mann 
1969 and Wanjala & Marten 1976). 

The original endemic tilapia specics in 
the Gulf were: 0. esculentus and 0. 
variabilis. The non-endemic spccies 
introduced in the lake in the 1950s to boost 
the tilapia fishery wcre 0. niloticus, Tilapia 
zilii and 0. leucosticrur. Between 1968 
and 1973, a steady decline in the 
commercial catch of 0. esculentus was 
observed (EAFFRO.) 

The paper discusses landing trends, 
growth rate, growth performance index, 
and mortality rates, whicn are important in 
the assessment of the state of the fish 
stocks. 

I .I FisheriesandBiology of Oreochromis 
niloticus 

0. niloticus is now the third most important 
commercial fish species after Lates 
niloticus and Rastrineobola argentea in 
the lake. Its fishcry is canied out boughout 
the year with gillnets and beach seines. A 
dcclinc in its fishery has been observed in 
~ h c  Gulf. This is blamed on predation by 
Lates niloticus and the mass destruction 
causcd by beach and mosquito seines at the 
breeding and nursery grounds (Asila, et 
al., 1990). The seines trap juveniles and 
immature 0. niloticus and other tilapiine 
spp. lcaving very little stock that can reach 
rcproduclive age. On the other hand, they 
scrap  he bottom and destroy the juvcnilcs 
and cmbryonated stages. The prcsence of 
about 2 cm sized fish in the commercial 
catch indicates that illegal mesh sizes are 
commonly used in the tilapia fishery. 

0. niloticus, a mouth brooder belongs 
to the family Cichlidae. It is found on 
exposed mud-bottomed beaches, lagoons 
and more opcn sandy shores. It spawns 
throughout the year, with spawning areas 
being hard bottoms composed of sand at a 
depth of 3.5 to 10 m (Welcomme, 1969). 
The spawning nurseries of the species are 
mainly shallow sheltered bays with 
adequate oxygen levels. The 50% maturity 
sizes wcre observed at 27.5 cm for males 
and 3 1.5 cm forfemales. The fecundity has 
been reported at 340 and 3,706 eggs for 
fish of 17 cm and 57 cm TL respectively. 
Rime (1976) reported the growthof female 
0. niloticusat 16 cm TL in the first year, 24 
cm and 30 cm TL in the second and third 
years respectively. He further reported an 
asymptoticlcngth of45 cm TL, which was 
too low considering the fact that the fish 
attains sizes grcater than 60 cm in the 
Kcnya watcrs of Lake Victoria. 



Materials a n d  Methods 

Commercial landing data collected by 
KMFRI beach recorders, from 24 smplcd  
landing beaches along the Kenya waters of 
Lake Victoria, were analysed to arrive at 
landing trcnds for the period 1976 to 1989. 
The length frequency data was obtained 
from trawl surveys camed out by KMFRI 
in the Nyanza Gulf between September 
1989 and August 1990. 

Bottom trawl surveys nere conduclcd 
fortnightly with Granton trawl wilt1 a 
headrope of 13.3 cm and groundrope of 
length 15.6 m, lowed by a 2 10 horsepower 
rcsearch vessel. The cod-end of mesh size 
40 mm, was lined in thc inside with a 
mosquito net of 3 mm mesh size to sample 
young fish. The trawl speed was 3 knots, 
with each haul lasting 30 minutes. The 
samples wcre soncd out into species and 
the total lenglh of 0. niloticlrs from thc 
sample was measured to h e  nearest mm on 
a measuring board. 

Line graphs were constructed to show 
thc landing trends. However, s~andard stock 
asscssmenl mehods described by Sprrrre 

Table 1 : Total catch of Oreochromis niloticus and 
tllapiine specres combined from Lake Victoria Kenya 
Waters: 1976 to 1989 

Year 0. niloticus Tllapiine species 
(metric tonnes) (metric tons) 

(1989) were used to estimate growth, 
mortality rates and thegrowth performance 
indcx (0) for 0. niloricus. Bhattacharya 
(1 967) mcthod was appplied to separate 
difl'erentcohorts in the sample.Themethod 
involvcd eslimstion of the mean length 
group of a cohort and standard deviation 
by visual inspection of a stnight line fitted 
for the points. The mean lengths of cohorts 
eslimalcd Lvcrc used to obtain the Von 
BenalanTly parameters L, and K. The 
disadvan~agc of the Bhanacharya mcthod 
is h a t  the choice of points is subjective. Its 
resolution power is low, thus the cohorts 
are not well resolved. Wetherall (1986) 
method wss applied in thc estimation of 2/ 
K, while natural mortality (M) and growth 
perfonancc indcx (g) wcre estimated by 
Pauly (1980b) and Pauly & Munro (1984) 
methods. 

Results a n d  Discussion 

The monthly landings, catch rates and 
population dynamics characteristics of 0. 
rliloticus are presented in Tables 1-1 1. 

Increased landings were observed 
between 1976 and 1989. In 1976,421 tons 

Table 2 :  Monthly landings (Kg) of Oreochromis 
n~loticus in 1987 from the Gulf, open waters and Lake 
Victoria. Kenya (waters combined) 

Month Gulf Open Kenya 
waters waters 

combined 

Jan 
Feb 
Mar 
A P ~  
May 
Jun 
Jul 
Aug 
S ~ P  
Oct 
N ov 
Dec 

~~ - 

1989 3594 1 7805 
Total 44322 (35.8%) 77739 (64.2%) 121060 

Total 35,782 97.093 - 



Table 3: Monthly landings (Kg) of Oreochromis 
niloticusin 1988 from the Gulf, open waters and Lake 
Victoria. Kenya waters combined 

Month Gulf Open Kenya 
waters waters 

combined 

Table 5: Monthly landings (Kg) of Oreochromis 
niloticusin 1990 from the Gulf, open waters and Lake 
Victoria. Kenya waters combined 

Month Gulf Open Lake 
waters Victoria. 

Kenya 

Jan 
Feb 
Mar 
A P ~  
May 
Jun 
Jul 
Aug 
S ~ P  
Oct 
Nov 
Dec 

Jan 
Feb 
Mar 
A P ~  
May 
Jun 
Jul 
Aug 
S ~ P  
Oct 
Nov 
Dec 

Total 28421 (30.4%) 651 61 (69.6%) 93582 

Table 4: Monthly landings (Kg) of Oreochromis 
niloticus in 1989 from the Gulf, open waters and Lake 
Victoria. Kenva waters combined 

Month Gulf Open Kenya 
waters waters 

comb~ned 

Jan 2978 5036 7914 
Feb 2468 461 7 7086 
Mar 2896 6467 9363 
Apr 2374 3492 3492 
May 3064 5468 8532 
Jun 4005 184 4189 
Jul 4282 5387 9669 
Aug 5199 5052 10251 
Sep 4317 5762 10079 
Oct 7414 6098 13152 
Nov 4938 6372 11310 
Dec 3988 3140 71 28 

Total 47923 (45.6%) 57075 (54.4%) 104998 

Total 1 1971 7 (47.5%) 132070 (52.5%) 251 789 

Table 6: Percentage catches of 0. niloticus from 
sampled beaches by weight 

BEACHES 
Year Gulf Open waters 

Table 7: Percentage contribution of 0. niloticus 
to the total catch from sampled beaches 

Year Percentage 

were landed compared to 1,007 tons in 
1989. Also observed was increased 
landings in both theopen and Gulfbeaches. 
The open water beaches contributed more 
to the total 0. niloticus landed in h e  Kenya 
waters of Lake Victoria. 

The stock density and catch rates also 
increased in parallel with total landings. 

However, a decline in the catch rates was 
observed from 1982 onwards (Tables 8 
and 9). The percentage catches of 0. 
niloticus by weight both in the Gulf and 
open water beaches were steady between 
1987 and 1990 (Table 6). The percentage 
contribution of the species to the total 
catch declined in the same period (Table 
7). 



Table 8: Stock density of 0. niloticus from different Table 10: Meanlength, standarddeviationandnumber 
trawl surveys within the Lake Victoria. Kenya of fish for each ol the thret? normally distributed 
(Kg k t )  components resulting fromtheBhattachatyaanalysis; 

n = 6761 
Year Density (Kg ha1) 

~ - 
1969-1970 0.013 
1975 0.188 
1977 0.722 
1982-1983 1.4 
1990-1991 1.7 

Table 9: Catch rate of 0. niloticusin the Nyanza Gulf 

Year Catch rate (Kg h-1) 

Three cohorts werc identified from the 
sarnplc, with vcry few fish in the oldcr 
cohort (Table 10). Thc following Von 
Bertalanffy parameters wereobtained from 
the analysisL,= 6 1.3 cmTL and K =  0.35 
yrl where Lm represents the asymptotic 
length and K, thc growth constant. Thc 
total mortality (Z) and natural mortality 
(M) were cstimatcd at 1.71 y r l  and 0.72 
y r 2  rcspec~ivcl y. From thc above mortality 
rates, thc fishing mortality (F) was 
estimated as 0.99 yr-' and thc cxploilation 
rate, 0.58. The growth periormancc indcx 
(0) was estimated as 3.12. 

Practically, all partsof the NyanzaGulf 
are heavily fished by the small meshcd 
gillnets and scine ncts. There is over 
representation of mosquito and bcach 
seines. Seines are uscd in shallow waters, 
where the width of the nets covers thc 
whole water column, thus catching 
effectively all sizes of fish. These seines 
scrape the bottom of the breeding grounds 
and disrupt courtship and breeding or Lhc 
fish. They destroy the nests, and juvenilc 
and em bryonated slages. These 

Mean Length (cm) 

Sample No.1 No.2 No.3 Mean 
Date 

1989 Sep 
1989 Oct 
1989 Nov 
1989 Dec 
1990 Jan 
1990 Mar 
1990 Apr 
1990 May 
1990 Jun 
1990 Jul 
1990 Aug 

Standard Deviation (cmJ 
Sample No. 1 No.2 No.3 

Date 

1989 Sep 2 .C6 3.09 3.23 
1989 Oct 2.01 2.26 2.54 
1989 Nov 2.97 3.15 3.42 
1989 Dec 2.33 3.01 3.34 
1990 Jan 2.64 2.89 3.02 
1990 Feb 2.51 3.12 3.72 
1990 Mar 3.14 3.58 3.72 
1990 Apr 3.40 3.42 3.68 
1990 May 3.59 3.63 3.71 
1990 Jun 2.82 3.28 3.56 
1990 Jul 2.31 2.78 3.02 
1990 Aug 3.50 3.69 3.83 

Cohorl size (Numbers) 

Sample No.1 No.2 No.3 
Date 

1989 Sep 
1989 Oct 
1989 Nov 
1 989 Dec 
1990 Jan 
1990 Feb 
1990 Mar 
1990 Apr 
1990 May 
1990 Jun 
1990 JuI 
1990 Aug 

obscivadons concur with our data which 
indicale Ihat very few older cohorts were 



Table 11 : Comparison of growth parameters from 
other African lakes 
- -  

Area L-cm K per year @ Source 

Lake ltasy 71.5 0.137 
Lake Kainji 70.4 0.405 
Lake Nasser 57.8 0.546 
Lake Nasser 65.1 0.216 
Lake Mobutu 48.8 0.500 
Lake Victoria - - 

(Nyanza Gulf 64.6 0.254 
from comm, data) 
(Lake Victoria 
Nyanza Gulf 
from data) 61.3 0.354 
This study 

2.845 Moreu 
3.303 et al 
3.261 - 
2.962 - 

3.076 - 

- - 
3.025 Getabu 

1988 

3.128 

identified in the sample, this being a result 
of the poor method of fishing and 
overfishing. The drastic shift to the seine 
fishery maybe attributed to lackof adequate 
resources to enable the fishermen to exploit 
the off-shore fishery, and the high 
investment returns to the boat owners 
within the shortest time compared togillnet 
and longline fishery. 

The Lw and K values from this study 
compare well with those obtained from 
commercial landing data, (Getabu 1988). 
The results from olher studies on the same 
species from other African lakes also 
compare well with our results (Table 2). 
The growth performance indcx (@) value 
from this study shows that the species has 
a high growth performancc, attaininglarge 
sizes. This observation may be attributed 
to favourable ecological conditions in thc 
lakc, generated by the changing nature orf 
the lake and or introduced species which 
have not becn studied before and to a high 
fishing intensity in the Nyanza Gulf. The 
mean lcngth at first maturily of the species 
obscrved are 24.5 cm TL and 29.7 cm TL 
for malcs and females rcspectively 
(Lung'ayia, pers. comm). 

The spccics, 0. niloticus, is vulnerable 

to trawl nets. This is evidenced from the 
high fishing mortality and exploitation rate 
reported from the study. Trawlerstherefore 
should not be used in the Nyanza Gulf 
fishery. Beach and mosquito seine nets 
which have smallermeshes are destructive 
to the fishery, and should be completely 
eradicated. Further, mosquito seine nets 
should be restrictcd to targeting 
Rastrineobola argenteu in the waters over 
10 m deep so as to avoid harvesting the 
juvenile stages of tilapia species. It is 
recommended that inshore fishing should 
only be conducted using gill nets, traps, 
hooks and longlines. 

Conclusion 

From the foregoing discussion, its clear 
thatthe fishery of 0. niloti~usin theNyanza 
Gulf can improve i l  well managed with 
appropriate fishing policies. Although thc 
seine fishery provides high investment 
returns within the shortest time, their usc 
within the Gulf should be controlled. 
Fishing should not be conducted using 
seine nets in tilapia breeding grounds. This 
will allow the fish to breed, grow and 
recruit into the fishery. 

Finally, the growth and mortalily rates 
obtained from the study can be uscd in 
models for estimating fish stocks of 0. 
niloticus in the Nyanza Gulf. 
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Rapporteurs Comments 

Catch landing trends, stock density and the percentage contribution of Oreochromis 
niloticus to the total landings were reviewed between 1986 and 1989. Other tilapiine 
species are commercially extinct in Lake Victoria. A brief account on the fisheries and 
biology of Oreochromis niloticus was given. The species was introduced in the 1950s and 
matures at 27.5 cm for males and 31.5cm for females, with fecundity ranging from 340- 
3706 eggs. From landing, trawl surveys and length-frequency data, an estimate of catch 
trends, growlh parrimetcrs, Lola1 mortalily, natural mortalily, fishing mortality, cxploitation 
rate and a growth performance index were estimated. 

The total calch of Oreoclzromis niloticus and other tilapiine species increased from 42 1 
and 1007 Lonncs in 1976 to 3,595 and 17,808 in the 1989 respectively. The species 
contribulion LO the Lola1 annual landings dropped from 2.4% in 1986 to 1.4% in 1990. This 
ieclinc may bc altribulcd LO growlh overfishing and environmental degradation. Using 
Bhallacharya analysis and Wclherall plols and then applying Pauly's empirical formula, 
total mortalily calculated was 1.7 1 y-l, natural mortality 0.72~-' , fishing mortality 
0 . 9 9 ~  growth perlonnance index 3.12 and exploitation rate was 0.58. To maintain 
envisagcd high demand by the year 2000, it was recommended that seining along sandy 
beaches bc discouraged. The number of cohorts identified indicated few old cohorts during 
lhe lrawl survey. This may be an indication of overfishing. 




