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ABSTRACT
Coptodon zilli and Micropterus salmoides were introduced into Lake Naivasha in 1929 and 1959 respectively. The

reasons for introduction were to boost the fisheries and for recreational fishing respectively. However, the numbers of

the two fish species in the lake have been declining over the years due to human activities and other ecological

changes within the lake. Length-weight relationship, condition factor, sex ratio and length at first maturity of the fish

were studied from October 2016 to November 2018. A total of 303 fish samples; 193 C. zilli and 110 M. salmoides

were used in this study. Results showed that C. zilli and M. salmoides had an allometry coefficient value of 2.9 and 3.1

and K value of 1.77 and 1.39 respectively. The sex ratios (male: male) of C. zilli and M. salmoides were 1.1: and 1.3:1

respectively. The shortest total length for mature C. zilli and M. salmoides recorded were 12 cm and 26.5 cm while 21.8

cm and 51 cm were for the longest respectively. The fish growth pattern therefore failed to obey the cube low of b=3

thus exhibiting allomentric growth. The fish were in good condition with K factor above 1. It can therefore be

concluded that the fish are generally in a good condition though the early maturity especially for C. zilli could be a

sign of pressure either from environmental factors or as a result of overfishing within the lake. Investigations should

be centered on breeding and population dynamics to better understand the two species within the lake.
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INTRODUCTION

The Redbelly tilapia (Coptodon zilli), formerly Tilapia zilli is widely
distributed in Africa and was introduced in Lake Naivasha in
1959 [1]. The introduction of C. zilli into Lake Naivasha was
motivated by the need to provide an alternative cheap source of
protein [1]. The fish prefers shallow marginal waters in all stages
of growth and development [1]. The piscivorous largemouth
bass, Macropterus salmoides (Lacépède) is native to North America
where it inhabits rocky areas in both rivers and shallow lakes
(Wheeler, 1978) and was introduced into Lake Naivasha in 1929

and 1946 for sport fishing [2-4]. Before the accidental
introduction of Cyprinus carpio in 1997 and the re-introduction
of Oreochromis niloticus in 2011 by the Government of Kenya,
Lake Naivasha fishery was being dominated by C. zilli, M.
salmoides and Oreochromis leucostictus [5-7].

It has been observed with interest that the numbers of C. zilli
and M. salmoides in Lake Naivasha have been declining over the
years, as indicated by both experimental and commercial catch
records for various locations in the lake and for different years.
Presently, the fish have been reported to show habitat preference
in their distribution with C. zilli occurring in large numbers in
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sections of the Oserian Bay while M. salmoides has a preference
for rocky habitats of Crescent Island Lake and Hippo Point
(personal observation) both habitats being protected fish
breeding areas. The decline has been at a rate which if left
unchecked, will eventually cause total disappearance of the two
species.

Length-weight relationship is a useful tool in fishery assessment
since it helps in predicting length from weight required in yield
assessment [8] and in the calculation of fish biomass [9]. It
provides important information concerning the structure and
function of fish populations [10]. Fish condition factor, sex ratio
and length at first maturity are also important concepts in
fisheries management.

Condition factor and length at first maturity can be used to
assess the health and potential of any fishery to support the
fishing pressure.

Sex ratio is important in determining population viability Since
it shows which sex is more dominant- in terms of numbers, a
population dominated by male fish is more unpredictable than
one dominated by female fish [11]. It is also an important factor
in determining the balance of the males and females in the
habitat. The condition factor provides information on the
general well-being of a fish and its health condition within a
mixed population with other fish species while length at first
maturity (length at which 50% of the fish are mature) is very
useful in fish stock management [12]. Information on length at
first maturity is crucial in formulation of management options
especially in the choice of gear to be used in capture fisheries. It
can guide the managers in setting mesh sizes that will target only
the mature and ageing fish while giving juvenile fish time to
grow to maturity [12]. These growth parameters were
investigated in order to understand the general characteristics of
the population of the two fish species within the lake in light of
the intense human activities and pressures within the lake.

The main aim of this research was to assess the growth
parameters and biology of the two threatened and endangered
fish species in Lake Naivasha for use in management and policy
making. This will eventually aid in curbing the decline and
enhancing recovery and establishment of their populations
within the lake.

MATERIALS AND METHODS

Study area

Lake Naivasha, a shallow freshwater lake with a surface area of
approximately 139 km2 is situated in the Eastern arm of the
Great Rift Valley, about 100 km north-west of Nairobi, Kenya
[13]. It has an average depth of 3.35 m with the deepest area
being 7 m [14] though these values vary with change in rainfall
patterns. The lake was declared a Ramsar site in 1995 due to its
unique flora and fauna [15]. It is the major source of fish for the
surrounding community and fresh water for the numerous
horticultural industries in the area (Figure 1). Apart from
transient streams, the lake is fed by the perennial Malewa and
Gilgil rivers with the former being the main one [15].

Figure 1: Map of Lake Naivasha.

Sample collection and analysis

Gill nets of variable mesh size ranging from 2.5 – 6 inches were
used to collect M. salmoides and C. zillii samples in Lake
Naivasha from October 2014 to November 2016. Collected fish
samples were identified and classified by species. Sexual maturity
status was assigned as stage I–VI according to Witte and Densen
[16]. Fish in maturity stages I, II, III were considered immature,
while those in stages IV-VI were considered mature. Length and
weight of individual fish were measured and recorded. The total
length (TL) in cm from snout to the end of the caudal fin of
each fish was measured using a meter rule. Weight of each fish
was measured using the Digitron T745 top weighing balance.
The length-weight relationship was calculated using the formula
by Wooton [17]:

W=aTLb

Where W is the total body weight of fish in grams, TL is the
total length in centimeters, a, the intercept and b the slope of
the regression line.

Condition factor (K) was estimated following Le Cren [18]:

K=W
Lb

Where K is the condition factor, W is the total body weight of
fish in grams, L the total length in centimeters and b is the
regression slope.

Sex ratio was determined for only those fish whose gonads were
identifiable as male and female. Maturity status was assigned as
stage I–VI according to Witte and Van Densen [16]. Stages I, II,
III were considered immature, while those in stages IV-VI were
considered mature for the purpose of calculating the size at first
maturity (Lm50) by fitting frequency data of mature individuals
by length class to a logistic curve using the least-square method
[19].

RESULTS

Length-weight relationship was calculated for a total of 303 fish
made up of 193 C. zilli and 110 M. salmoides. The total length of
C. zilli ranged from 11 to 21.8 cm and their weight from 11 to
195 g while M. salmoides ranged from 18.6 to 51 cm in total
length and 85 to 2120 g in total weight. Length-weight
relationships were evaluated separately for the two fish species
and the regression equations derived (Figure 2). Results showed
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that C. zilli and M. salmoides had an allometry coefficient value
of 2.9 and 3.1 respectively, an indication of negative allometric
growth in C. zilli and positive growth in M. salmoides. Both fish
species did not obey the Cube Law which assumes that the
regression slope b is equal to 3. C. zilli had a negative allometric
growth (b<3) while M. salmoides had a positive allometric growth
(b>3).

Figure 2: Length-weight relationship of (a) C. zilli and (b) M. salmoides
in Lake Naivasha.

Condition factor (K) of the two species was 1.77 and 1.39 for C.
zilli and M. salmoides respectively (Figure 3). K values for both
fish species were greater than 1 meaning their bodies were in
good condition.

Figure 3: Condition factor of C. zilli and M. salmoides in Lake
Naivasha.

C. zilli sampled had a male: female percentage composition of
52%:48% leading to a male: female sex ratio of 1.1:1
respectively. Similarly, M. salmoides had a male: female sex ration
of 1.3:1 making up a percentage composition of 57%: 43%:
respectively (Figure 4).

Figure 4: Percentage composition of each sex of C. zilli and M.
salmoides in Lake Naivasha.

Length at first maturity was assessed separately for the mature C.
zilli and M. salmoides and results presented in Figure 5. The
shortest total length for mature C. zilli and M. salmoides recorded
were 12cm and 26.5 cm while 21.8 and 51 cm were for the
longest respectively. The length at fist maturity for C. zilli and M.
salmoides was 13.5 cm TL and 32.6 cm TL respectively.

Figure 5: Length at first maturity (LM50) of (a) C. zilli and (b) M.
salmoides in Lake Naivasha.

DISCUSSION

The results of this research point to the fact that the two fish
species are in a generally good condition, exhibiting allometric
growth and the population is dominated by male fish. Fish with
values of b being less than 3 could mean that large fish had
more elongated body shape or smaller fish were in better
nutritional condition at the time of sampling while the reverse
could be said of b values greater than 3 [20]. Differences in b
values can be ascribed to one or a combination of factors
including differences in the number of specimens examined,
location and season effects and distinctions in the observed
length ranges of the specimens caught and the duration of
sample collection [21]. However the change of b values may also
depend primarily on the shape and fatness of the species as well
as physical, chemical and biological factors such as temperature,
salinity, food, sex and stage of maturity [19,22].

Both C. zilli and M. salmoides in Lake Naivasha had K values of
greater than 1, an indication of general well-being and stable
physiological status of the fish in the lake. This could be due to
abundance of food within the lake as this has been shown to
improve the condition of fish [6,7]. The >1 condition factor of
the fish could also be due to the good water quality parameters
(physico-chemical parameters) of Lake Naivasha which are
within the tolerable range for both fish species [3]. Condition
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factor is known to fluctuate with the reproductive cycle of the
fish and tends to increase on the onset of reproduction.

Sex ratio in fish varies considerably from one species to another
but in majority of the species; it is close to 1:1 [23]. A study by
Bal and Rao [24] noted that any deviation from this ratio is an
indication of dominance of one sex over the other, which is
caused by the differential behavior of the sexes. In both C. zilli
and M. salmoides, the males were found to be the dominant sex.
Another factor that could explain the dominance of males in
the two fish species is that dominance by males in the African
lakes is common within the cichlid populations because of the
higher growth rate they exhibit compared to the females [25]. A
fish population dominated by males presents uncertainty in the
future of the fisheries. This is because the contribution to the
next generation is by the female members of the population.

Length at first maturity (LM50) is shows that length at which
50% of the fish in the population are mature. A low LM50 value
depicts fish under pressure from either overfishing or human
activities or other ecological and environmental factors. It is a
manifestation of the fish adjusting to the pressure and
compensating for it by maturing and reproducing early. Nile
tilapia for example has been seen to mature at lower lengths in
in more stressful water bodies compared to those with less
stressor. In Lake Naivasha for example it was observed to mature
at 18 cm compared to 21 cm in Lake Victoria [11]. The early
maturity exhibited by C. zilli in Lake Naivasha could be a
pointer to pressures within the lake environment. It could be as
result of competition from other species like the recently
introduced Nile tilapia which is known to be very aggressive and
strong competitor in novel environments [26].

CONCLUSIONS AND RECOMMENDATIONS

All indications are that the two fish species are in a good
condition and their low population could be the effects of
overfishing or using the wrong gear size for fishing. The
variations in the total amount of fish caught from Lake
Naivasha can be attributed to the interactions between multiple
exotic fish species and fluctuations in fishing effort, lake water
levels and extent of macrophyte cover. Other studies have
proven that continued increase fishing effort and use of mesh
size smaller than the recommended and subsequent capture of
immature fish leads to a further reduction of the size of C. zilli
and M. salmoides at first capture. The fishers will further reduce
their mesh size and resort to unorthodox fishing to target the
smaller fish. The progressive decrease in mesh sizes of gillnets
which remain the predominant fishing gears on the lake is
particularly worrying in the heavily exploited inshore waters.
Banned fishing gear especially beach seines pose a high risk for
recruitment and growth of fish. To sustain the fishery of Lake
Naivasha, that management regulation that were approved and
enacted in 2002, recommended 40 boats and ten nets per boat
and in addition the registration of boats and license of nets
should be enforced. To succeed in enforcement, all stakeholders
should be involved. Community based monitoring, control and
surveillance should be given priority. Co-management, if
successful, would drastically reduce use of illegal gears and curb
poaching on the lake. Alternative livelihood, such as aquaculture

and ecotourism should be encouraged to reduce pressure on the
lake fishery.

Additionally, investigations should be centered on breeding and
population dynamics. Knowledge of the two species in relation
to their environment ought to be stressed. Previous work has
attributed the decline of the two species in Lake Naivasha to
overfishing and use of efficient gillnets. It is high time more
research was conducted to look into possibilities of the existence
of other causes of decline. Enquiries should be made for
instance into the effect of pollution on the fish species with
work concentrating on the sewage plant and effluent from the
horticultural farms. Parasites, food and feeding behavior should
also be investigated.

Finally, restocking of Lake Naivasha with the two species should
be done and proper fishing enforced and any gear likely to
remove fingerlings should be banned throughout the year.

REFERENCES

1. Muchiri SM, Hart PJB, and Harper DM. The persistence of two
introduced tilapia species in Lake Naivasha, Kenya, in the face of
environmental variability and fishing pressure. In: Pitcher TJ, Hart
PJB. (Eds.). The impact of species in Africa lakes, Chapman and
Hall, London. 1995;pp:299- 319.

2. Aloo PA. Studies of the ecology of the black bass Micropterus
salmoides (Lacepédé) in Lake Naivasha, Kenya. MSC. Thesis
University of Nairobi. 1988.

3. Dadzie S, Aloo PA. Reproduction of the North American black
bass, Micropterus salmoides (Lacepede) in equatorial Lake
Naivasha. Aquacult Fisheries Manage. 1990;21:49-58.

4. Muchiri SM, Hickley P. The fishery of Lake Naivasha, Kenya. In:
Cowx , I.G. (Ed.): Catch effort sampling strategies: their
application in fresh water fisheries management. Oxford,
Blackwell Scientific Publications. 1991;pp:382-392.

5. Aloo PA. A comparative study of helminth parasites from the fish
Coptodon zillii and Oreochromis leucostictus in Lake Naivasha
and Oloidien Bay, Kenya. J Helminthol. 2002;76:95–102.

6. Keyombe JL, Malala JO, Waithaka E, Lewo RM, Obwanga BO.
Seasonal changes in length-weight relationship and condition
factor of Nile tilapia, Oreochromis niloticus (Linnaeus, 1758)
(Cichlidae) in Lake Naivasha, Kenya. Int J Aquat Biol. 2017;5:7-11.

7. Keyombe JL, Yasindi WA, Oyugi OD. Comparative assessment of
diet and condition factor of Cyprinus carpio and Oreochromis
leucostictus in Lake Naivasha, Kenya. Int J Aquat Biol.
2017;5:228-235.

8. Garcia CB, Duarte JO, Sandoval N, Von Schiller D, Melo G,
Navajas P. Length–weight relationships of demersal fishes from the
Gulf of Salamanca, Colombia, Naga. ICLARM Quart.
1998;21:30–32.

9. Martin-Smith KH. Length/weight relationships of fishes in a
diverse tropical freshwater community, Sabah, Malaysia. J Fish
Biol. 1996;49:731–734

10. Anderson OR, Neumann RM. Length, weight and associated
structural indices. In: Nielsen LA, Johnson DL. (Eds.) Fisheries
techniques. Bethesda American Fish Society. 1996;pp:447–482.

11. Outa NO, Kitaka N, Njiru MM. Some aspects of the feeding
ecology of Nile tilapia, Oreochromis niloticus in Lake Naivasha,
Kenya. Int J Fish Aquat Stud. 2014;2:1-8.

12. Karna SK, Sahoo D, Panda S, Vihar V, Bhaban M, Nagar S.
Length Weight Relationship (LWR), Growth estimation and

Keyombe JLA, et al.

Fish Aqua J, Vol.11 Iss.3 No:280 4



Length at maturity of Etroplus suratensis in Chilika Lagoon,
Orissa, India. Int J Environ Sci. 2012;2:1257–1267.

13. Harper DM, Mavuti KM. Lake Naivasha, Kenya: Ecohydrology to
guide the management of a tropical protected area. Ecohydrol
Hydrobiol. 2004;4:287-305.

14. Hickley P, Muchiri M, Britton R, Boar R. Economic Gain versus
Ecological Damage from the Introduction of Non-native
Freshwater Fish: Case Studies from Kenya. Open Fish Sci J.
2008;1:36-46.

15. Harper DM, Morrison EHJ, Macharia MM, Mavuti KM, Upton C.
Lake Naivasha, Kenya: ecology, society and future. Freshwater Biol.
2011; 4:89–114.

16. Witte F, Van densen LT. Fish Stocks and Fisheries of Lake
Victoria. A Handbook for Field Observations. Cardigan, Samara
Publishing, Cardigan, UK. 1995.

17. Wooton J. Ecology of Teleost Fishes. Chapman and Hall, New
York. 1990.

18. Le Cren ED. The length weight relationship and season cycle in
gonad weight and condition in Perch (Perca fluviatilis). J Anim
Ecol. 1951;20:179–219.

19. Sparre P, Venema SC. Introduction to tropical fish stock
assessment manual (Part 1). FAO Fisheries Technical Paper.
1998;p:306.

20. Froese R. Cube law, condition factor and weight-length
relationships: history, meta-analysis and recommendations. J Appl
Ichthyol. 2006;22:241–253.

21. Moutopoulos DK, Stregiou KI. Length-Weight and Length-Length
relationships of fish species from the Aegean Sea (Greece), J Appl
Ichthyol. 2002;18:200-203.

22. Sarkar UK, Khan GE, Dabas A, Pathak AK, Mir JI, Rebello SC,
Pal A., et al. Length weight relationship and condition factor of
selected fresh water fish species found in River Ganga, Gomti and
Rapti, India. J Environ Biol. 2013;34:951-956.

23. Nikolsky GV. The ecology of fishes. Academy Press, London.
1963;pp:352.

24. Bal DV, Rao KV. Marine fisheries. New Delhi, Tata McGraw-Hill
Publishing Company. 1984;pp:470.

25. Fryer G, Iles TD. The Cichlid Fishes of the Great Lakes of Africa:
Their Biology and Evolution. Oliver and Boyd. Edinburgh,
Scotland. 1972;p:641.

26. Outa NO, Kitaka N, Njiru MM. Length-weight relationship,
condition factor, length at first maturity and sex ratio of Nile tilapia,
Oreochromis niloticus in Lake Naivasha, Kenya. Int J Fish Aquat
Stud. 2014;2:67-72.

 

Keyombe JLA, et al.

Fish Aqua J, Vol.11 Iss.3 No:280 5

javascript:void(0)
javascript:void(0)
javascript:void(0)

	内容
	Some aspects of fish growth in Redbelly Tilapia (Coptodon zilli) and Largemouth Bass (Micropterus salmoides) in Lake Naivasha, Kenya
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Study area
	Sample collection and analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS AND RECOMMENDATIONS
	REFERENCES


