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Mortality Rate, Exploitation and Recruitment in Oreochromis 
niloticus (Linnaeus) in Nyanza Gulf of Lake Victoria, Kenya 

Albert Getabu 
Kenya Marine and Fisheries Research Institute 

Kisumu Laboratory 
P.O. Box 1881, Kisumu Kenya 

Abstract 

An analysis was done on length frequency data to study mortality, exploitation rate and 
recruitment in Oreochromis niloticus in Nyanza Gulf, Lake Victoria. The fishing mortality (F) and 
natural mortality (M) were 0.468 y l  and 2.0 y-1 respectively. The exploitation rate was 57.2%. 

Yield per recruit under the fishing regime was 250 g. Its predicted value at maximum sustained 
yield was 530 g, which could be obtained at a fishing mortality of 1.5 y-1. The recommended value 
was 500g to be obtained at afishing mortality of 1 .O y l .  The maximum biomass per recruit (BIR) was 
1132.48 g while the optimum was 1068.38 g. The biomass per recruit under the present fishing 
regime is 534.1 9 g which is too low. There is severe overfishing as there are a lot of immature fish 
in the catch. The analysisshows that the yield can double if the recommended mesh size is adopted 
in the fishery. 

Introduction 

The tilapiine fishery constitutes the third 
most important fishcry in the Kenya waters 
of Lake Victoria, after Lutes niloticus and 
Rastrineobola argentea. Thc greater part 
of the fishery constitutes of Oreochromis 
niloticus. It is conducted all the year round 
mainly utilizing gillnets and to a lesser 

extent beach seines. The beach seines are 
detrimental to the fishery in that they 
destroy the egg and larval stages in the 
breeding and nursery grounds as they scrape 
the lake bottom duringthe fishingexcrcise. 
They also disrupt courtship thus interfering 
with the reproductive process. 

Past research in the lake indicates that 
the decline of the tilapiine stocks and other 



fisheries such as the anadromous fisheries. 
mainly constituting of Clarias 
mossambicus, Labeo victorianus, Barbus 
spp, Bagrus docmac and the mormyrid 
fishes is due to over fishing using illegal 
gear (Beauchamp 1958; Gamd 1960 & 
196 1; Mann 1969; Bcnda 1979 & 198 1; 
Kudhongania 1972; Marten 1974; Wanjala 
& Marten 1974). Thc use of small meshed 
nets is still being practiced wih little regard 
to the damage they cause lo the fishery. 
Further observations indicate that iish are 
hawcsted before lhcy reach reproductive 
age (Beauchamp 1956; Mullcretal., 1982; 
Marten 1979 a and b; Mann op cit; Wanjala 
and Marten op cit.). The occurrence of 
juveniles of tilapia of about 2 cm in the 
landings indicate that illegal small meshcd 
nets are being used (Getabu 1987,1992). It 
has however been observed that a 
significant portion of the ~ilapia juveniles 
harvested is due tothc fishingof rhe smaller 
sized fish species such as 
R a s t r i n e o b o l a  a r g e n t e a  a n d  
Haplochromis, which require much smaller 
meshed nets to fish. This is an adverse 
effect of the multispecics nature of thc 
fishery in the Nyanza Gulf. 

The sound management of the tilapia 
fishery in the Kenya waters of Lake 
Victoria, should be viewed in the context 
of the larger multispccies fisheries. There 
is lack of scicn~ific information required in 
models such as the Beverton and Holt 
yield per recruit model, in order to obtain 
results which can be used to formulate 
rational exploitation policies for the 
different fish species. Recently, a skeleton 
information on growth parameters and 
mortality rates have been obtained from 
datamainly collected from landing beaches 
and to a lesser extent from exploratory 
fishing surveys for the species 0. niloticus 
and Brycinus sadleri: (Gelabu op cit.), 
Lares niloricus, (Asila & Ogari, 1987) and 

Rastrineobola argentea (Manyala. 1992) 
has been published. Thus furlher studies 
on aging, reproductive biology, gear 
sclcctivity, recruitment, species 
interactions and relationships between fish 
yields and natural producrivity are required. 

This paper attempts an analysis on the 
fishing mortality, natural mortality and 
yield per recruit of 0. niloticus in the 
Kenya waters of Lake Victoria. It also 
discusses the effects of various gill net 
mesh sizes on the species. The different 
exploitalion levels in relation to 
commercial viability of fishery are 
highlighted. Some management practices 
aimed at improving the yields are 
recommended. 

Data Collection 

This paper utilizes data on growth 
parameters and total mortality rate 
published by Getabu (1992) and a growth 
curve developed by Rinne (1975) Fig. 1, to 
calculate the yield and biomass per recruit 
respectively. The parameters and total 
mortality estimated by Getabu (op cit.) 
are: the asymptotic length (Lm) = 64.6 c&, 
the growth constant (K)= 0.254 y* and the 
instantaneous rate of total mortality (2) = 
0.818 y-l. 

2.1 Data Analysis 

The natural mortality (M) was 
calculated using a fonnula developed by 
Pauly (1980): In M = -0.0 152 - 0.279 In L 
+ 0.6543 In K + 0.463 In T....(i) 
The fishing mortality was obtained using 
the formula: 
F = Z-M ........................................ (ii), 
The parameter to known as the "birthday" 
was computed from the inverse Von 
Bertalanffy function: 



Fig. 1. Growth curve for Oreochromis niloticus in the Nyanza Gulf, L. Victoria (constructed from data 
presented by Rinne 1975) 

to = t + l/K( 1 - L,/Lw) .................... (iii), 
where K is the growth constant (curvature 
parameter) and L, is the length the fish 
attains at age t. 
The longevity (k,) in years, 0. niloticus 
attains in the gulf was estimated using the 
formula: 
kax=to + ln(-Lm&w + 1 )-K ............ .(iv), 
where L,,, is the maximum length of fish 
in the sample. 
The exploitation rate (E) was estimated 
using the formula after Pauly (1983): 
E = F / ( F + M )  ................................. (v), 
where F is the fishing mortality and M the 
natural mortality. 
The yield per recruit (YIR) in grams (g) 
was estimated using the formula in Sparre 
et al .  (1989): 
Y E  = F Ww exp [-M(T, - T,)] [1/Z - 
3S/(Z+K) + 3s2/ (z+2~)  - s3/ 
(Z+3K)] ........................................... .(vi). 
where W is the asymptotic weight, Z the 
instantaneous rate of total mortality, T, is 
the age at first capture, T, is the age at 

recruitment and S is calculated using the 
formula in Sparre et al.  (1989): 

. . ..................... S = EXP [-K (T, - TJ] (~11). 
where TO = to, the "birthday", that is the 
time the fish started to grow. 

By varying F and T, in equation (vi) 
above, the yield isopleths were generated, 
Fig.2. The same process was repeated for 
mesh sizes used to harvest 0. niloticus in 
the Gulf: 3",4",5" and 6" meshes. The 
biomass per recruit (B/R) was estimated 
using the formula in Sparre et al. (1989): ... ................................... B/R= 11F. Y/R (vm). 
where B and Y are the stock size and yield 
respectively. 

Results 

In the current fishing regime, the 
average length of 0. niloticus at first capture 
(T,) was 1 1 cm. The length at recruitment 
(T,) was 7 cm. These correspond to ages 
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Fig. 2. Yield isopleths for Oreochrornis niloticus in the Nyanza Gulf, Lake Victoria 

0.45 and 0.33 years respectively. The rate 
of exploitation (E) was 57.2%, the fishing 
mortality (F) was 0.468 y-l, the natural 
mortality 2.0 y-I and the yield per rccluit 
(YIR) was too low at 250 g. 

The yield per recruit isopleths arc 
presented in Fig. 2. They have steep 
gradients at fishing mortalities below 0.5 
years. They depict that the highest yield 
per recruit is 530 g and that this can be 
obtained at a fishingmortality of (F) of 2.0 
years. This corresponds to the period when 
fish have attained an agc of 4.0 years. The 
longevity h,ofO. niloticus wasestimated 

as 1 1.0 ycars. The binh day " to" was 
estimated as -0.0402 years. 

A characteristic population structure of 
0. niloricus landed at the Nyanza Gulf 
beaches is depicted in Fig. 3. Thcre is a 
prepondence of fish of sizes lesser than 35 
cm, the average agc at which 0. niloticus 
breeds forthe first time. It depicts ascarcity 
of specimen greater than 55 cm. Fig. 4 
depicts the size distribution of 0. niloticus 
caught using gill nets of mesh sizes 3", 4". 
5" and6". Itclearly depicts the preponderant 
use of small meshed nets. 

As shown in Figs. 2 and 3, the majority 
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Fig. 3. Frequency distribution of 0. niloticus landed in the Nyanza Gulf, Lake Victoria 

of fishcs harvestcd correspond to that 
portion takcn by the 3" meshcd gill nets. 
This is supported by thesizcs at first capture 
which corrcspond to those harvestcd by 
the mesh, Fig. 4. The yicld per rccruit 
curve for this mesh, Fig. 5 ,  shows  hat we 
are operating well beyond the MSY/R. 
The yicld and biomass pcr rccruit for 0. 
niloticus arc shown in Fig. 6. This indicates 
scverc over fishing of 0. niloticus stocks. 

Thccstimatcd mcan biomass per rccruit 
B/R was 534.19 g whilc itsvaluc at MSY/ 
R was 1132.48 g. Thc oplimum biomass 
per rccruit was 1058.38 g. 

Discussion 

Thc results obtaincd from the above 
analysis suggcst that at maximum yield 
pcr rccruit of 530 g, the age at first capture 
should bc 4.0 years and that this can more 
than doublc the yicld pcr rccn:it. But 
operating at this high fishing mortality 
whenlargcrsizcd fish arc: scarce will rcduce 
the profit margins of the fishcrmcn to 
nolhing. It is thcrcfore suggcstcd that 0. 
niloticus bc harvcstcd at r, length of first 
capture of 35 cm, corresponding to a lower 
fishingmonalityof l .oy- l .~h i s  will require 
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Fig. 4. Size distribution of 0. niloricus fished using different gill net mesh sizes 

that nets of mesh sizes of 5" and above be 
used. Adopting the above measures will 
entail low catches initially, to the extent 
that fishermen might abandon the tilapia 
fishery temporarily. This will relieve the 
pressure on the fishing of the tilapia stocks 
and allow them to recover, thus improving 
their fishery. 

In the past, there has been a lack of 
important scientific information on 
fisheries parameters, mortality rates and 

biological information which could be 
utilized in models to formulate fisheries 
management strategies. Despite this, 
researchers have advanced a number of 
management options for the tilapia and the 
whole Nyanza Gulf fishery basing on the 
scanty biological observations they have 
made. For example, Marten (1979a) states 
that the best strategy for maximizing the 
total yield from Lake Victoria, is to 
optimally harvest the herbivorous genus 
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Fig. 5. Yield per recruit curve for the 3112 inch mesh commonly used to fish. Oreochromis niloficus in the 
Nyanza Gulf, L. Victoria 

tilapia using larger gill nets at a very high 
fishing mortality. This has the effect of 
reducing the loss of tilapia through 
predation by the larger predatory Lures 
niloticus. It is therefore important that any 
management options for the tilapia fishery 
should take into account the other fisheries 
mainly constituted of Lates niloticus, 
Rastrineobola argentea and anodromous 
fishes harvested alongside it. 

The use of mosquito seines to harvest 
Rastrineobola argentea which constitutes 
one of the major fisheries in the Gulf 

affects the juvenile stages of 0. niloticus 
found associated with it. In fact on 
observing a haul of R. argentea, one finds 
juvenile stages of 0. niloticus. Lates 
niloticus, other tilapiine species and larger 
specimen of Brycinus sadleri and Alestes 
jacksonii and a varied assortment of 
haplochromine species. Thus in the fishing 
of R. argentea, regulations are needed to 
safeguard the juvenile stages of tilapia. 
particularly when it is being conducted in 
the tilapia nursery grounds. There should 
be a ban on mosquito seining in sandy 
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Fig. 6. Yield and biomass per recruit of Oreochromis niloticus in the Nyanza Gulf., Lake Victoria 

shallow beaches and bays where tilapia 
breed. 

In the Nyanza Gulf, 0. niloticus are 
harvestcd at a small age before they attain 
their maturity. This is indicative of both 
recruitment and habitat overfishing. Earlier, 
the sizes of 0. niloticus caught were big 
(Fryer and Iles 1972; Muller et al. 1982; 
Lowe; Martenl97Yb; Mann 1970 and 
Wanjala & Marten 1974). But due to the 
overfishing (Muller and Bcnda 1981, 
Okcmwa 1981) the avcragc sizc has 

reduced with time. 
Among the various strategies of 

increasing the amount of fish harvcsted 
suggested by Marten and Polovina (1982). 
three of them can apply for the Nyanza 
Gulf and do in fact take into account the 
conservation of 0. niloticus stocks. These 
include: the use ofmore intricate harvesting 
methods taking into account biological 
fcaturcs of all the species involved; 
shortening Lhe food chain bctwcenprimary 
and fish production, and reducing fish 



consumption by predators which compcte 
with the fishermen. 

The first onc can be achieved by 
harvesting thc fish taking into account 
gear selectivities, sizes at maturity, 
abundance and fishing mortalities. The 
second can be achieved by directing the 
fishing effort at the first trophic level, that 
is, at the herbivorous fishes and should 
also cover omnivorous fishes such as 
tilapia, Labeo victorianus and 
haplochromis spp. Fryer (1973) notes that, 
long term returns an:  obtained by harvesting 
a herbivore rather than a carnivore, and the 
addition of predators reduces the efficiency 
ofproduction of the system by 80%. Marten 
( I  979a) and Marten and Polovina (1982) 
furlhcr suggest that the best strategy of 
maximizing the total yield of the Nyanza 
Gulf fisheries, is to optimally fish at the 
end of the short food chain involving the 
herbivorous tilapia, as opposed to 
harvesting at the end of the long chain 
involving predatory fishes. This has the 
effect of shortening the food chain and at 
the same time, reducing consumption of 
fish at lower tropical levels by predators 
thus increasing the yields. This can be 
achieved by using an optimal mix of gears 
which do not adversely affect the juvenile 
stages. All the above can be achieved by 
intensively fishing the larger predatory 
fishes at a very high fishing mortality. 
Marten and Polovina (1982) have noted 
that above a certain fishing effort, the total 
multispecies catch in Lake Victoria is not 
affected by much fishing effort alone, but 
by the kind of fishing gear employed and 
that there are noindicationsthat the fishing 
leads to lower yields if the right kind of 
fishing is practiced. 

The inshore areas where the tilapia 
breed may be limited due to the fact that 
most of it is covered by papyrus swamps. 
It should also be noted that not all inshore 

waters are suitable for breeding of 0. 
niloticus. Efforts should therefore be made 
to conserve the breeding habitats of tilapia, 
from the effects of pollution and poor 
methods of fishing such as beach seining. 
Wanjala (1978) has shown that different 
sections of the Lake Victoria shoreline, 
have different substrates and that they arc 
inhabited by different fish communities. It 
is well known that good fisheries can be 
destroyed by habitat degradation. For 
example, seine and trawl nets scrape across 
the bottom of the lake and disrupt the 
production of fish food or the spawning of 
fish. Equally, non fishing activities such as 
pollution and fishing by dynamite cancause 
even more habitat degradation. Thus in the 
management of the 0. niloticus fishery in 
the Nyanza Gulf, growth parameters, 
mortality rates, yields and environmental 
factors and the nature of interraction 
amongst them need to be considered if 
proper policies have to be formulated. 
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Rapporteur's Comments 

- The paper highlighted on the use of population dynamics in formulating regulations 
for the Lake Victoria fisheries. 

- It was noted that 0. niloticus harvested by the fishermen was less than 1 year old but 
5" mesh gillnet was appmpriate to harvest fish of about 4 years old. 

- The paper suggested mesh size regulations for minimum size of fish landed. 


