Afr. 1. Trop. Hydrobiol. Fish. (1998) 8: 36-44

Growth, mortality and recruitment of Nile tilapia (Oreochromis
niloticus) (L.) (Cichlidae) in Lake Turkana (Kenya): Possible
variations as assessed by length frequency analysis
C.O. RABUOR*, J. MOREAU**, AND J.O. MANYALA***

*

Kenya Marine and Fisheries Research Institute
Sangoro Research Centre
P.O.Box 136, PAP-ONDIT1, Via Ahero - Kenya

**

Department of Inland Fisheries,
INPTIENSAT
145 Avenue de muret 31076 TOULOUSE. France

*** Kenya

Marine and Fisheries Research Institute
Turkana Research Centre
P.O.Box 205 LODWAR - Kenya.
ABSTRACT
Estimates of growth, mortality and recruitment pattern of Nile til apia iOreochromis niloticus) from Lake Turkana were obtained from
two sets of length frequency distributions: one from HOPAON (1982) obtained in 1974 from littoral beach seining and a recent one
obtained from multi-mesh size gill net fished from April 1989 to November 1991. Data analysis was performed with the FISAT (FAO
ICLARM Stock Assessment Tool, version 1.0) software. Values of Lao = 40 and 59.5 (em TL), and K = 0.250 and 0.325 yr'; and the ratio
of total mortality rate to the growth constant (ZlK) of 2.72 yr 5.11 y'" were obtained respectively with a clear seasonal growth pattern.
The total mortality estimates from the catch curve analysis were Z = 0.96 and J .59 yr respectively with a natural mortality (M) of about
0.65 yr' for a mean environmental temperature (T) of 27°C. The highest peak for recruitment was from June to September indicating
recruitment of one cohort per year. The growth performance index (0) = LoglO + 2 LoglO L"" = 2.57 and 2.87 for the two sets of data
respectively. These results are discussed and compared to available information on growth performance index for Oreochromis niloticus
in other large African lakes.

INTRODUCTION
Lake Turkana

and its Fisheries

The Kenyan portion of Lake Turkana is the most
important one as only 2% of the lake belongs to
Ethiopia (Fig I). It comprises (7,730 km') of the entire
lake. Lake Turkana lies between 2° 25' and 4° 35'
North of the equator. It has an average depth of 29.7 m,
elevated 73 m above the sea level. The maximum depth
is about 73 m and the shoreline is about 920 km with
som- flat sand- "~ilches (WFLCOM}v:E 19Th The
Kenya multi-species fishery of Lake Turkana is dominated by Lates species (70%): other minor predators
(10%) and various benthic fishes (15%). Tilapiines
mainly Oreochromis niloticus, Sarotherodon galileus
and Tilapia zillii contributed about 5% (KOLDING,
1983; Kenyan Department of Fisheries pers.com) of
the total landing.
Oreochromis niloticus (Linnaeus) pisces: Cichlidae is
widely distributed within African lakes. It is indigenous in Lake George, Edward and Albert. It was introduced in Lake Victoria in the nineteen fifties and sixties (ODERO 1979) and in Lake Turkana about the
same period. Information
on the biology of
Oreochromis niloticus in Lake Turkana is given by
Worthing and Ricardo (1936); LOWE-McCONNELL

(1953,1958); HARBOTT (1976,1982); HARBOTT
and OGARI (1982); SlEWAKf (1988) and KOLDING
(1993).
Length frequency analysis on Nile tilapia specimens of
Lake Turkana were performed by MOREAU et at..
(1994) from samples collected by HOPSON (1982)
which clearly showed the progression of some modes
in the length frequency distributions. The aim or this
work was to compare the dcmographical situation of
the stock of Nile Tilapia in Lake Turkana in two difI"c-n:nLpcI i( lei, ;m< I In ;1';'>['" [1, IS' ible rcccnt

MATERIALS

c hangc-;

AND METHODS

Sampling Methodology
Length-frequency data for Nile Tilapia were obtained
from the previous routine survey programme conducted
on a monthly basis during the O,D.A. Project on Lake
Turkarna Fisheries from March Up December 1974
(HOPSON, 1982); (Fig.6a). Anot~er set of data from
multimesh gill net samples were/collected from April
1989 to December 1991. Total' length (em TL) measurements for the samples were grouped into 1 em
length groups ranging from 2 to 28 cm in 1974 and into
2 em length groups ranging from 11 to 46 em in 1989
to 1991. It has to be realised that this difference of size
range might induce differences in the results obtained.
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Fig. I Lake Turkana (Kenya) showing the position of KMFRI Field Laboratory and the sampling points.
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Data analysis

Given the sets of data and the ecological conditions of
the lake, seasonality could be taken into account by
using the VBGF as modified by (SOMERS, (1988),
which incorporates two more parameters:

The FAO-ICLARM Stock Assessment Tool (FISAT)
Software (GAYANILO et al., 1994) was utilized. The
following operations were performed: To create and
modify the length-frequency data for use with the program, the samples collected from 1989 to 1991 had to
be merged into a single file thus constituting a single
"artificial year" (Fig.6b).
Estimation

C

WP the time of the year during which growth rate
is minimum. In Lake Turkana, this is usually
between December and February (HOPSON,
1982).

of Growth Parameters

The estimation of the growth parameters were based
on the Von Bertalanffy Growth Formula (VBGF)
expressed in the form: L, = Leo (l-exp( -K*(t-to)))
..................................................................................
(PAULY and GASCHUTZ, 1979)

It should be noted that FlSAT has a routine which
allows to improve the quality of the estimates of L»
and K by taking into account the possible selectivity of
sampling techniques towards small fishes (PAULY
1980; 1984). Preliminary trials were performed which
showed that this procedure was not relevant because of
the very small sizes of the smallest fish recorded in the
samples.

( I)

Where:
L, is the predicted length at age

t.

Leo is the asymptotic length, or the mean length
the fish of a given stcck would reach if they
were to grow forever.
K is a growth constant, also called
factors" by Pauly (1980)

Estimation

"Stress

of Mortality

rates

To obtain an estimate of the instantaneous total mortality coefficient for definite range of sizes/ages, a
length converted catch curve analysis (PAULY
1980,1983, and 1984) was performed. In order to compute the natural mortality coefficient (M) PAULY (1981)

To is the age the fish would have been at zero
length predicted by the equation.
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the value of which is between 0 and 1 and
indicates the magnitude of the seasonal
growth patterns.
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Fig. 2A, 28: Preliminary estimates of Loc, ZlK as obtained by the method of Wetherall (1986) and modified by
Pauly (1986) for Oreochromis niloticus in L. Turkana.
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30
developed a predictive formula using
regression indicated below:

tlre multiple

and the exploitation rate (E) obtained by the relationship:
E=F/Z = F/(F+M)
Recruitment

LoglOM= -0.0152-logIOLoo + 0.65431 loglOK+ 0.4631
10gIOTOC

Pattern

Seasonal changes in recruitment were displayed in the
graphical form of a recruitment pattern suggestive of
the recruitment season. Growth parameter estimates
Ls=, K, C and Lt were used as inputs in this analysis in
application of the relevant program in FISAT.

(2)

This formula as used to obtain the estimate of (M),
given Le= (already given) K and T (the mean environmental temperature "C), Once (Z) and (M) were
obtained. the fishing mortality (F) could be derived
from the relationship:
Z=F + M; F = Z-M

(4)

Note that FISAT has a routine which has been used to
get a preliminary estimate of Ls= and of the ratio
(Z/K) using the method of WETHERALL (1986) as
modified by PAULY (1986).

(3)

REcRU IT ME:NT PAT TERN

( tor

n i 11J1;ctJ!i, L, Turkcne

, C liopsl;m,

198Z)

:30

20
C,
tI

-~:

E·

to

(SA}

v.
v'
t:r:'

l.<lg ::40t:m,

( f"r

::

......

OreQ,,"romis

to
RECRVlTME
l1ilotj~us

~1' PATTERN

,l.. T ur~I;I';QI (1989

Thi!' s1udy)

1S

-c.
CII

E
.-

10

::J
U
til

5

a:

0
lG:J '" 5 9 . '5

F r9· SA, 5' B:

(n:'l. K " ,3 2 5v,r-l,c '" • 8.

WP;;;.'.

to

'" . 2

ftecruifment patte rn for 0 reoc "rom is n t!oticus
in .Lake Turkcnc I Inputs are growth pcrcmeters
estimated in this study)

GROWTH, MORTALITY, RECRUITMENT,

The Growth Performance

Index (0)

INDEX

31

lowing values: 31cm in 1974 and 59 em in 1989,
respectively (Fig, 2A, 2B). With FISAT, the growth
parameter estimates were L» = 40.5 and 59.5 ern and
K 0.25 and 0.325 yr', respectively (Fig. 3A and 3B).
The "length-converted catch curve" analysis produced
total mortality estimates of Z = 0.96 and 1.59 yr"
respectively in the same ranges of ages: I to 5 years
(Fig. 4A, B). The natural mortality (M) estimated are
0.65 and 0.69 yr', leading to fishing mortality (F) values
of 0.31 and 0.9 yr ' respectively.

To allow comparisons with other populations of the
same species, the growth performance index (0) for
Nile tilapia was computed using the expression suggested by PAULY and MUNRO (1986):
= 10g1OK+ 2* 10glO Loo
(5)

=

o

Where K is expressed on an annual basis and Le= is in
ern.

In both cases, the recruitment pattern (Fig. 5A, 5B)
suggests a major peak recruitment from June to
September, supporting what is known on the reproductive biology of Lake Turkana fish that they reproduce
during the warm rainy season; from May to September.

RESULTS
Growth Parameters,
ment Pattern

GROWTH PERFORMANCE

Mortality estimates and recruit-

Preliminary estimates of Le= using the method of
WETHERALL (1986) quoted above did give the fol-
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Growth performance Index (0)

DISCUSSION

Two values of the growth performance index (PAULY
and MUNRO 1984) were obtained using the relevant
input parameters. A comparison was made with results
obtained on the same species in the Table 1.

FISAT was conveniently used on two sets of lengthfrequency data for Oreochromis niloticus in Lake
Turkana in order to estimate the growth parameters
Leo, K and which are in the range of already available
values from the literature. The seasonal growth pattern
is clear for the two sets of samples; however, both Leo
and K values obtained on beach seining samples are
lower than on gill net samples. In first step, it could be
considered that this comes mainly from the differences
of sampling techniques leading to different ranges of
sizes. Another possible hypothesis might be that the
two sets of length frequency data come from slightly
different stocks: one living in the littoral areas and
exploited by beach seines and one living in more open
and deep waters which was exploited with multi mesh
gillnets with some large meshes. The exploitation rate
(E) (1974) is quite low in littoral areas: 0.32 compared
with 0.57 in open waters in 1989. These values are
quite high because in both cases Tilapias contributed
slightly to the actual catch of the lake (HOPSON 1982,
KOLDING 1989).

Table 1: Growth parameters estimates for Nile tilapia
in several lakes of Africa.
Source

Ls=icm)

Ky,'

f)'(aJ

Range of
ages 11"0')

Lake Chad
Merona et al., (1988)

"

45.5

0.31

2.81

110 7

Lake George
Palomares (1991)

40

0.24

2.58

I 105

Lake Albert
Merona et al., (1988)

48

0.50

2.98

110 6

Lake Victoria
Moreau et al.. (1994)

70

0.27

2.92

1 to 7

Lake Kainji
Kapetsky and Petr (1984)

70.4

0.45

3.11

1107

Lake Victoria
Getabu (1992)

64.6

0.254

3.025

1 to 11

58

0.55

3.07

I to 8

61.3

0.35

3.120

I to 8

40

0.25

2.57

1106

59.5

0.325

287

I to (,

Lake Nasser
Kapetsky and Petr (1984)
I

I

Lake Victoria
Dache, (1995)
This study
(seines) (1974)

I

This study (gill nets)
(1989·91 )

The application of the WETHERALL-POWELL
PLOT modified version PUALY, (1986) appears to be
less effective in the estimation of Loo and Z/K for gillnets compared with the application of FlSAT. The
growth parameters estimated for Oreochromis niloticus in Lake Turkana are compared with the parameters
obtained for Oreochromis niloticus populations in
other African lakes (Table 1). It attains greater Leo val-

~

a:0' == Loglo K + 2 LoglOLeo computed using SL (SL:::
0.8 TL) Trewavas (1983).
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ues in Lakes Victoria (70 em), Kainji (70.4 cm) and
Nasser (58 em) GETABU (1992). The growth performance index (I:') is highest in Lakes Kainji (3.11)
Victoria (3.02, 3.120) and Nasser (3.07). The magnitude of K, and the asymptotic length, Le= determine the
growth performance index. An increase in K results in
high growth performance index. The growth constant
K is highest in Lakes Albert (0.50 yr'), Nasser (0.53
yr') and Kainji (0.45 yr'). Concerning the recruitment,
a minor pulse takes place in February or March but it
seems to be an artifact due to the structure of the samples.
However, the main recruitment pulse lasts from June
to September. This is supportive of the findings of
HOPSON (1982) who suggested that Lake Turkana
fishes have one breeding season per year during the
rainy season.
CONCLUSION
For the first time, length frequency analysis **was
performed on** Oreoehromis nilotieus of Lake
Turkana, considering two sets of data from two different
periods and areas. This exercise showed different
demo graphical situations of the two concerned
stocks. However, high values of Z show that further
investigations are needed to monitor its demographical
evolution and possible over fishing as it occurred for
some other species in some areas of this lake.
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