
This article was downloaded by: [University of Western Ontario]
On: 07 March 2015, At: 14:42
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Click for updates

Aquatic Ecosystem Health & Management
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/uaem20

Feeding ecology of the intensively fished
Nile Perch, Lates niloticus, in Lake
Victoria, Uganda
Winnie Nkalubo a , Lauren Chapman b & Fredrick Muyodi c
a National Fisheries Resources Research Institute , P.O. Box 343,
Jinja , Uganda
b Biology Department , McGill University , Montreal , Quebec ,
Canada
c School of Biological Sciences , Makerere University , P.O. Box 7062,
Kampala , Uganda
Published online: 18 Mar 2014.

To cite this article: Winnie Nkalubo , Lauren Chapman & Fredrick Muyodi (2014) Feeding ecology of
the intensively fished Nile Perch, Lates niloticus, in Lake Victoria, Uganda, Aquatic Ecosystem Health
& Management, 17:1, 62-69

To link to this article:  http://dx.doi.org/10.1080/14634988.2014.880639

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &

http://crossmark.crossref.org/dialog/?doi=10.1080/14634988.2014.880639&domain=pdf&date_stamp=2014-03-18
http://www.tandfonline.com/loi/uaem20
http://dx.doi.org/10.1080/14634988.2014.880639


Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
W

es
te

rn
 O

nt
ar

io
] 

at
 1

4:
42

 0
7 

M
ar

ch
 2

01
5 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Feeding ecology of the intensively fished Nile Perch,
Lates niloticus, in Lake Victoria, Uganda
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The diet of Nile Perch (8.0–121.0 cm total length [TL]) from the Ugandan waters of Lake Victoria
was quantified through stomach content analysis of specimens collected from experimental catches and
fish factory samples. A total of 7824 stomachs (5602 from experimental fishing and 2222 from factory
samples) were examined, of which 34.8% contained food. Fish from the experimental catches were smaller
(8.0–41.6 cm TL) and had a higher diversity of prey dominated by unidentifiable fish prey, haplochromine
cichlids, Rastrineobola argentea, Odonata and Caridina nilotica, while larger fish (30.0–121.0 cm TL)
from the factory samples had a predominance of fish remains and haplochromine cichlids. Nile Perch
that had a high proportion of fish prey (versus invertebrates) in their stomachs showed a larger size
for a given age, and were in a better condition (K = 1.24) than those that had primarily invertebrates
(K = 1.10) in their stomachs. Nile Perch exhibited a much smaller size (15 cm versus 30 cm TL) at shift to
piscivory in comparison to Nile Perch examined in earlier studies, when haplochromines were rare in Lake
Victoria. The recovery of haplochromine cichlids coincident with declining Nile Perch densities illustrates
the importance of developing sustainable management options that can define a proper balance between
fishing mortality and Nile Perch predation.

Keywords: Nile Perch diet, haplochromine resurgence, introduced species, ontogenetic shift, piscivory

Introduction

During the 1950s and early 1960s, Nile Perch,
Lates niloticus (L.) and several Tilapiine species,
Oreochromis niloticus (L.), O. leucostictus (Tre-
wavas), and Tilapia zillii (Gervais) were introduced
into lakes Kyoga, Victoria, and Nabugabo (Ogutu-
Ohwayo, 1990a, 1993, 1994; Pringle, 2005). Nile
Perch introduction into Lake Victoria was meant
to facilitate the indirect utilisation of the tiny but
abundant haplochromines, which the artisanal fish-
ery could not effectively exploit (Acere, 1985; Og-
ari, 1985; Ogutu-Ohwayo, 1985; Kudhongania et al.,
1992) and to improve sport fishing (Pringle, 2005).

The first lake wide bottom trawl survey car-
ried out on Lake Victoria in 1969–1971 before the
Nile Perch upsurge indicated that haplochromines
formed up to 80% of the fish stocks, while the
Nile Perch was negligible contributing <1% (Kud-
hongania, 1973; Kudhongania and Cordone; 1974,
Mkumbo et al., 2005). Subsequent surveys con-
ducted after the establishment of the Nile Perch in
the lake registered a marked increase in the Nile
Perch catch rates (Okaronon et al., 1985). Although
many native fish species had declined in Lake Vic-
toria prior to the Nile Perch introduction, the up-
surge of Nile Perch coincided with a further de-
cline or disappearance of hundreds of fish species
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including an estimated 40% of the 500+ species of
endemic haplochromine cichlids (Ogutu-Ohwayo,
1990a,b, 1994; Witte et al., 1992a,b; Schwartz
et al., 2006) that were the main prey of the Nile
Perch (CIFA, 1984; Ogutu-Ohwayo, 1990a,b, 1994;
Ogutu-Ohwayo et al., 2002; Barel et al., 1991;
Mkumbo and Ligtvoet, 1992). The decline in the
haplochromine prey base was followed by changes
in the diet and condition of the Nile Perch. The
condition factor decreased from 1.4 which was ob-
served in the 1960s (when haplochromines were
the main prey base) to 1.2 in the 1990s, the pe-
riod during which the Nile Perch switched its diet
to Caridina nilotica, anisopteran nymphs, Rastri-
neobola argentea, juvenile Nile Perch, and O. niloti-
cus (Ogutu-Ohwayo, 1994, 2004). In addition, a
shift to piscivory at a larger body size (Ogutu-
Ohwayo, 1994; Schofield and Chapman, 1999) was
observed.

A reported increase in fishing effort targeting
Nile Perch fuelled by a high market demand is
reported to have led to a continuous decline in
the Nile Perch catches in the commercial fishery
(Okaronon, 2003; Matsuishi et al., 2006). In turn,
the observed resurgence of some native fishes es-
pecially the haplochromine cichlids (Kitchell et al.,
1997; Witte et al., 2000; Balirwa et. al., 2003; Mat-
suishi et al., 2006) was associated with decline in
Nile Perch catches. Previous modelling efforts sug-
gest that fishing is a strong ecological force in Lake
Victoria (Kitchell et al., 1997; Schindler et al., 1998;
Mugisha and Ddumba, 2006), and that the specific
rate of Nile Perch biomass accumulation should be
highest when haplochromines are abundant (Kauf-
man and Schwartz, 2002; Balirwa et al., 2003).
With the recent increase in the proportion of hap-
lochromines in their diet (Budeba and Cowx, 2007;
Paterson and Chapman, 2009), it would be expected
that Nile Perch response to prey recovery may be re-
flected in changes in growth and condition (Balirwa
et al., 2003). If indeed growth traits vary with prey
type, then the key to sustainability of the Nile Perch
fishery may depend on defining a proper balance
between harvesting and biodiversity recovery, a so-
lution that requires an understanding of the pattern
of resurgence, prey selection and growth rate under
different prey regimes.

In view of the apparent preference for hap-
lochromine prey when Nile Perch first established
itself, this study quantified the diet of Lake Victoria
Nile Perch following the observed ongoing resur-
gence of the haplochromine prey base, and reviewed

temporal changes in diet and population traits. It
was hypothesized that the size at which Nile Perch
shifts to piscivory may have declined in Lake Vic-
toria coincident with haplochromine recovery and
that Nile Perch feeding on haplochromine cichlids
may benefit from better growth and condition.

Materials and Methods

Fish sampling

The diet of Nile Perch was studied using
stomach-content analysis samples obtained from
three fish processing factories i.e. Greenfields
Uganda Limited, Gomba, Uganda Fish Packers lo-
cated in Entebbe, Jinja, and Kampala, respectively.
Additional samples were collected from experimen-
tal gill netting using multi-filament nets (mesh sizes
25.4 to 101.6 mm) carried out in inshore waters of
Hannington and Thruston bays, and the Napoleon
Gulf of Lake Victoria (Figure 1). Fish samples
were collected between March 2006 and May 2008.
Fish specimens were measured for total length and
weight to the nearest 0.1 mm and 0.01 g, respec-
tively. For each of the specimens examined, fish
stomachs were dissected out and stomach fullness
was visually evaluated and categorised as: Empty
(E), 1/4-Full (Q), 1/2-Full (H), 3/4-Full (T) and Full
(F). The stomach contents of the Nile Perch sam-
pled from the fish factories had their prey identifica-
tion done immediately (consistent with regulations
prohibiting preservatives near fish harvested for
consumption), while fish stomachs obtained from
experimental gill netting were preserved in 10%
formaldehyde solution and taken back to the lab-
oratory for further analysis.

Gut content analysis

The total weight of food for each stomach was
taken after being blotted dry of moisture, and
prey items were identified. Where possible, the
length, weight, and number of each type of prey
were recorded. The following parameters were
calculated for prey taxa: (1) relative abundance
(%N = the number of times each type of food
item is found as a percentage of all food items),
(2) frequency of occurrence (%F = the number of
Nile Perch containing each prey taxon, divided by
the total number of non-empty stomachs), and (3)
percent mass (%M = the mass of each type of food
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Figure 1. Map of Uganda showing the location of sampled sites in Hannington Bay, Thruston Bay and Napoleon Gulf, Lake Victoria,
Uganda. (Color figure available online.)

category expressed as a percentage of the total mass
of the stomach contents). From these parameters,
the Index of Relative Importance (IRI) of each food
category was calculated. This index provides a
single estimate of dietary importance by combining
relative abundance, frequency of occurrence, and
percent mass (IRI = [%N +%M] X%F; Hyslop,
1980). For the different centimetre (total length)

size classes of the Nile Perch, the Index of Relative
Importance is reported in our results, as well as
percent mass as a secondary measure of dietary
importance.

Prey items were further categorized as either in-
vertebrates or fish to detect the size at which Nile
Perch exhibits an ontogenetic dietary shift and the
degree of piscivory. Nile Perch were also placed into
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one of the following three categories to explore the
relationship between major prey type in the stom-
achs and the condition and age of the fish consumer:
Nile Perch with >70% invertebrates in their stom-
achs, >70% fish (excluding haplochromine cich-
lids) in their stomachs, and >70% fish that were hap-
lochromine cichlids. Differences in Nile Perch size
(i.e. total length) and condition among the three diet
categories were compared using the non-parametric
Mann-Whitney U test. Statistical tests were per-
formed with SPSS 16.0 for Windows. Transverse-
sectioned sagittal otoliths were used to determine
the age and growth of the Nile Perch as described in
Nkalubo (2012).

Results

Nile Perch response to a resurging prey
base

A total of 7824 stomachs (5602 from experimen-
tal fishing and 2222 from factory samples) were ex-
amined of which 34.8% (n = 2721) contained food.
Fish from the experimental catches were smaller
(8.0–41.6 cm TL) and had a higher diversity of prey
than the factory fish, with their stomach contents
dominated by unidentifiable fish prey (fish remains),
haplochromines, Rastrineobola argentea, Odonata
and Caridina nilotica. Larger fish (30.0–121.0 cm
TL) from the factory samples had a predominance
of fish remains and haplochromines. The percent
index of relative importance (%IRI) and percent
mass (%M) of prey items in the combined stom-
ach samples from the two sources (experimental
and factory) are illustrated in Figure 2. Nile Perch
of ≥20 cm and <30 cm fed mainly on fish remains,
R. argentea, haplochromines, and Odonata; while
unidentified fish remains and haplochromines dom-
inated the diet of Nile Perch >30 and <100 cm.
The few Nile Perch examined that were >100 cm
TL had ingested juvenile Nile Perch and Synodontis
sp. Diet analysis excluding unidentified fish remains
showed that the haplochromine cichlids increased in
dietary importance with fish size (Figure 2). The av-
erage size at shift of the Nile Perch from invertebrate
feeding to piscivory was 14.6 cm total length (SE =
0.07 cm; range = 10.0–19.9 cm).

Nile Perch diet and growth

The Nile Perch whose stomach contents were
comprised mainly of fish prey such as hap-

lochromines, grew to a larger size at a younger age
than those that had more invertebrates in their stom-
achs (Figure 3). For example Nile Perch that in-
cluded >70% haplochromines in their diet reached
the (40–44) cm TL size class at a younger age (i.e.
1 year) than those which contained a higher pro-
portion of invertebrates, the latter group attaining
the same size at 1.5 years later (Figure 3). The
total length and condition of the Nile Perch that
were characterized by >70% invertebrates as prey
in their stomachs were significantly different from
Nile Perch with >70% fish in their diet (Mann-
Whitney U test, p < 0.001). Invertebrate feeding
Perch had a lower total length (mean = 40.1 cm TL)
and condition (mean = 1.10) than Nile Perch whose
diet was comprised of either >70% fish (exclud-
ing haplochromine cichlids) (mean TL = 55.2 cm;
mean K = 1.24) or >70% fishes that were only hap-
lochromines (mean TL = 51.0 cm; mean K = 1.24).
However, there was no significant difference in ei-
ther total length (Mann-Whitney U test, p = 0.843)
or condition (Mann-Whitney U test, p = 0.552) be-
tween Nile Perch whose diet was comprised of ei-
ther >70% fish (excluding haplochromine cichlids)
or >70% fishes that were only haplochromines.

Discussion

Nile Perch response to a resurging prey
base

Since its introduction into Lake Victoria in
the 1960s, the feeding habits of Nile Perch have
been extensively studied (Hamblyn, 1960; Gee,
1962/1963; Okedi, 1970; Acere, 1985; Ogari, 1985;
Ogutu-Ohwayo, 1985; Mkumbo and Ligtvoet, 1992;
Ogutu-Ohwayo, 1994, 2004; Katunzi et al., 2006;
Budeba and Cowx, 2007). A comparison of the
current diet of Nile Perch with historical data for
Lake Victoria and other lakes in the region, sug-
gests that the diet of Nile Perch is dynamic but pre-
dictable based on the phase of the invasion process.
The composition of the diet of Nile Perch in Lake
Victoria has changed dramatically and appears to
reflect an indirect effect of heavy fishing pressure
on Nile Perch where by reduced predator pressure
by the Perch may have facilitated, to some degree,
the resurgence of haplochromine cichlids (Chap-
man et al., 2008). Between 1968 and 1977, the
abundant haplochromines making up 80% of the
fish biomass in Lake Victoria (Kudhongania and
Cordone, 1974) formed the main prey base of Nile
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Figure 2. Dietary importance of invertebrate (CAR = Caridina nilotica; OTHER INVERTS = other invertebrates) and fish prey
(Fish remains; HAPS = haplochromines; LN = Lates niloticus; RAS = Rastrineobola argentea; TIL = tilapiines) for different size
classes of Nile Perch collected from experimental catches from Lake Victoria and fish processing factories between March 2006
and May 2008. (a) Percent index of relative importance (%IRI). (b) Percent mass (%M). Other invertebrates included: bivalves,
Chaoborus sp., Chironomids, Crabs, Ephemeroptera, Hemiptera, Mollusca, Odonata and Povilla sp. while ‘Other Fish’ included:
Fish fry, Clarias sp. and Synodontis sp.

Perch of 20 to 60 cm size range (Ogutu-Ohwayo,
1994). The growth and condition (K = 1.4) were
considered to be high (Ogutu-Ohwayo, 1994). How-
ever, by 1988, the major prey eaten by Nile Perch
had changed to the freshwater shrimp C. nilot-
ica, Anisoptera (dragonfly) nymphs, juvenile Nile
Perch, and tilapiines, with very few haplochromines
(Ogutu-Ohwayo, 1994, 2004; Balirwa, 2007) and
the condition deteriorated to 1.2 (Ogutu-Ohwayo,
1994). These items remained the main type of prey
consumed by Nile Perch up to the year 2000, after
which the proportion of haplochromines in the diet
started to increase coincident with heavy fishing of
Nile Perch and resurgence of some haplochromine
cichlids (Balirwa, 2007; Budeba and Cowx, 2007).

In addition to the composition of the diet, the
size of the ontogenetic dietary shift in Nile Perch
(i.e. from feeding on invertebrates to fishes) has
also varied with the phase of the invasion and the
status of the fishery. After the disappearance or de-
cline of many haplochromine cichlids species, the
shift to piscivory occurred at a relatively larger
body size (Ogutu-Ohwayo, 1994; Schofield and
Chapman, 1999). It thus appears that the intense
fishing effort on the Nile Perch stocks (Matsu-
ishi et al., 2006) resulting into a resurgence of a
haplochromine-dominated diet, may explain why
Nile Perch now exhibits a much smaller size at shift
to piscivory. Indeed, the number of fishing crafts
on the Ugandan waters of the lake targeting Nile

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
W

es
te

rn
 O

nt
ar

io
] 

at
 1

4:
42

 0
7 

M
ar

ch
 2

01
5 



Nkalubo et al. / Aquatic Ecosystem Health and Management 17 (2014) 62–69 67

0

20

40

60

80

100 Age 1

0

20

40

60

80

100

(30-34) (35-39) (40-44) (45-49) (50-54) (55-59) (>=60)

Size class (cm TL)

Age 2

0

20

40

60

80

100

(30-34) (35-39) (40-44) (45-49) (50-54) (55-59) (>=60)

Size class (cm TL)

Age 2.5

0

20

40

60

80

100 Age 1.5INVERTEBRATES
HAPLOCHROMINES
OTHER FISH

Pe
rc

en
t m

as
s 

 

INVERTEBRATES
HAPLOCHROMINES
OTHER FISH

Figure 3. Percent mass of invertebrates and fish prey in stomachs of Nile Perch at different ages collected from commercial catches
of Lake Victoria, Uganda between March 2006 and February 2007. ‘Other Fish’ represents fish other than haplochromines combined
with fish remains.

Perch increased from 8107 to 14,692 between 2000
and 2008 (Ministry of Agriculture, Animal Indus-
try and Fisheries [MAAIF], 2010). Hydroacoustic
estimates of the haplochromines biomass over the
same period indicated an increase from 210,285
t to 518,359 t (Taabu-Munyaho et al., 2011), and
our results indicate heavy predation by Nile Perch
on haplochromine cichlids during the latter part of
this period. Thus, the ontogenetic dietary shifts in
Lake Victoria seem to depend on the timing of
Nile Perch invasion and level of fishing pressure
in the system, and associated changes in the abun-
dance of haplochromine cichlids. The same has also
been reported for Lake Nabugabo (Chapman et al.,
2003).

Nile Perch diet and growth

Previous modelling efforts on Lake Victoria
(Kitchell et al., 1997; Schindler et al., 1998;
Mugisha and Ddumba, 2006) exploring the effects
of fishing on the foodweb and the fishery, predicted
a high Nile Perch biomass accumulation with high
haplochromine prey abundance. In this study, the
Nile Perch that had a fish-dominated diet (when cap-
tured), overall showed a larger size at a young age,
and were in a better condition than those that had pri-
marily invertebrates in their stomachs. These find-
ings are based on a point-in-time approach, where

the diet of individual Nile Perch is only quantified
on one occasion (when captured). Future studies that
integrate diet with isotope analysis might provide a
stronger basis for interpretation. Nonetheless, these
data are interesting because they suggest that the
role played by the haplochromines in promotion of
faster growth in the Nile Perch could possibly ex-
plain their high preference as prey by the predator.
Thus, the key to sustainability of the Nile Perch fish-
ery and high production rates would be to maintain
sufficient fishing pressure to ensure an abundance
of haplochromine prey, but not to fish so hard as to
threaten the Nile Perch stock itself (Balirwa et al.,
2003).

Conclusions

This study highlights the need to understand the
dynamics of predator biomass and its prey for the
appropriate management of Lake Victoria fisheries.
The proportion of haplochromines in the Nile Perch
diet has increased coincident with heavy fishing
pressure on, a decline in catches, and haplochromine
cichlid recovery. In addition, Nile Perch now exhibit
a much smaller size at shift to piscivory in com-
parison to those examined in earlier studies, when
haplochromines were rare in Lake Victoria. A more
piscivorous diet may be beneficial to the fishery, as
Nile Perch with a high proportion of fish prey in
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their stomachs, showed a larger size for a given age,
and were in a better condition than those that had
primarily invertebrates in their stomachs. Clearly,
fishing pressure on the Nile Perch can have a cas-
cading effect on the haplochromine prey base, diet,
and growth of the introduced predator.
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