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In this study an attempt was made to determine whether there are morphological variations associated 
with the different geographical populations of the Nile perch of East Africa. Analyses of the levels of 
morphological differentiation based on morphological characterisation and variation were carried out. 
The study was based on 864 Nile perch sampled from 25 different locations from different Lakes in the 
region and 10 morphological characters. Also determined were the length – weight relationships and 
condition factor of sampled Nile perch. The log transformed data of all sampled Nile perch were 
subjected to multivariate analysis, using ‘PAST’ statistical software. Findings showed that peduncle 
form and size, of all the variables used in this study, contributed most to the variance. The analysis 
clustered the Nile perch into two groups, which were found to be as characterised by earlier 
morphological description of this species and most probably are representatives of two distinct taxa of 
Nile perch in the East African waters. The LWRs and condition factor conformed to the fish isometric 
growth formula W = aL

b
 with the value for the pooled data being W = 0.6664L

0.3264
. The existence of 2 

morphs agrees with earlier taxonomists (Harrison, 1991; Ribbink, 1987; Bwathondi, 1985; Holden, 1967) 
who proposed that Nile perch exists in two populations – a bigger shallow water dwelling morph and a 
smaller deep open water dwelling morph.  This calls for identification and mapping of the 2 populations 
in the different waters of East Africa that may require application of different management regimes. 
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INTRODUCTION  
 
Nile perch Lates niloticus (Linnaeus, 1782) is an 
important commercial freshwater fish species in East 
Africa. It is endemic to Lakes Albert and Turkana and 
was introduced into Lakes Victoria, Kyoga and Nabugabo 
over five decades ago (Hamblyn, 1961; Gee, 1964; 
EAFFRO, 1967; Welcomme, 1988; Pringle, 2005) with 
intention of  bolstering  the  then  failing  fishery  of  these 
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Lakes and as a potential for sport fishing (Gee, 1969, 
Acere, 1985; Barlow and Lissle, 1987; Achieng, 1990). 

After its introduction, the Nile perch slowly colonized its 
new environs and then exploded in the 1980s (Arunga, 
1981; Okaronon et al., 1985; Goudswaard and Ligtvoet, 
1988). This increase in Nile perch population coincided 
with the disappearance of close to 50% of the endemic 
fish species in the new environs and Nile perch has been 
labelled the villain (Barel et al., 1985). Nile perch has 
established itself in the new environs and currently 
dominates   the   fishery   in   these   Lakes.  Despite  this 
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ecological wrath, due to the lucrative international and 
regional markets, the Nile has boosted the economies of 
the three riparian countries of Lake Victoria – Kenya, 
Uganda and Tanzania, where most Nile perch is 
harvested, bringing in a hefty USD $250 million from the 
international markets alone (Odongkara et al., 2009). 

Due to its high demand in the market, this fish species 
has been put under increased fishing pressure in this 
region, leading to a great decline in its stocks (Environment 
for Development, 2008). The decline in Nile perch stocks 
is further compounded by habitat degradation, water 
pollution and changes in prey for Nile perch (Mkumbo 
and Ligtvoet, 1992; Ogutu-Ohwayo, 1990). One way to 
mitigate this problem is to domesticate and culture this 
species so as to supplement the supplies from the wild 
and reduce the pressure on the natural stocks. This study 
is part of a bigger project whose overall goal is to 
domesticate, breed and culture the Nile perch based at 
Aquaculture Research and Development Center – 
Kajjansi, Uganda. 

To culture any species from the wild it is prudent that 
the species is characterized taxonomically, ecologically 
and geographically as the first step.  This enables one to 
define this species and to determine the performance of 
the different taxa that are in the wild so as to aid selection 
of the best suited taxon for culturing (Liao and Haung, 
2000). Earlier efforts (Worthington, 1929, 1932; Harrison, 
1991; Hauser et al., 1998) failed to unambiguously define 
the Nile perch in this region. For example what was being 
taken as one species – Lates niloticus, turned out to be 
considered as two different species - Lates albertiensis 
and Lates macropthalamus for the Lake Albert Nile perch 
(Worthington, 1929; Worthington, 1940), and interestingly 
the Lake Turkana Nile perch were taken to be two 
different subspecies - Lates niloticus rudolfianus and 
Lates niloticus longispinus of the riverine species Lates 
niloticus (Worthington, 1932; Greenwood, 1966). Later 
this grouping was revised to subspecies level and not 
species of Lates niloticus as the specimens from Lakes 
Albert and Turkana were seen as intermediates and also 
thought to interbreed (Worthington, 1940). The other 
school of thought is that the observed differences in 
morphology of the Nile perch may be arising from the 
extremities of a normal population curve. According to 
Harrison (1991) the Lake Victoria Nile perch has been 
and is wrongly referred to as Lates niloticus, yet its 
taxonomic status has never been resolved. This paper is 
part of a bigger study that is attempting to taxonomically 
characterise the Nile perch using a combination of both 
morphological and molecular techniques. The paper 
examines the morphological variation among Nile perch 
of East Africa and determines which morphological 
characteristic contributes most to this variation as well as 
deciphering its morphological phylogenetics. In this 
paper, results of the analysis of the Nile perch 
populations and subdivisions based on measurement of 
10 morphological characteristics, done using  the  ‘PAST’ 

 
 
 
 
statistical software are presented and discussed. 
 
 
METHODOLOGY AND STUDY AREA 
 
Nile perch samples were taken from Lakes Albert in Uganda and 
Turkana in Kenya where the fish is endemic and the putative origins 
for the introduction of this species into Lakes Victoria, Kyoga and 
Nabugabo in Uganda. Lakes Albert and Turkana are rift valley 
lakes, with Lake Albert found on the western border of Uganda with 
Democratic Republic of Congo and Lake Turkana on the north 
western border of Kenya with Ethiopia. Lake Victoria is the second 
largest fresh water lake in the world, and is shared between three 
countries: Uganda (41%), Kenya (6%) and Tanzania (53%). Lake 
Kyoga is in Central Uganda connected to both Lake Victoria and 
Lake Albert by the Victoria Nile River. There are waterfalls on either 
side of Lake Kyoga - Owen Falls and Murchison Falls, which act as 
a buffer to the movement of adult Nile perch due to their size. Lake 
Nabugabo is a small (24 km2) satellite lake, formerly a bay on the 
western shore of  Lake Victoria separated from the main lake by a 
sand bar more than 5,500 years ago (Chapman et al., 1996). It is 
alleged that before introduction of Nile perch from Lake Albert into 
Lake Victoria, the fish were first rested and tried out in Lake 
Nabugabo before eventually being introduced into Lake Victoria 
(Barlow and Lissle, 1987).  
 
 
Sample collection 
 
In Lakes Albert, Turkana, Kyoga and Nabugabo (Figure 1) fish were 
caught using seine nets. In these lakes, the sampling followed 
different eco-zones (shallow offshore waters and the deep open 
waters) because different Nile perch morphs are believed to inhabit 
different eco-zones. In Lake Victoria, samples were caught from 22 
different geographical locations (Figure 2) by bottom trawls. 
Sampling followed transects pre-determined by hydroacoustics 
experts after consideration of a number of factors including 
traditional fishing grounds, history as told by the local fisher folk, 
previous knowledge of Nile perch distribution, findings of tagging 
experiments, and the Lake topography. Trawls were done after the 
hydroacoustics experts on board detected signals indicating 
abundance of relatively big size fish on their computer screen.  For 
the trawls the depth of sampled sites ranged from as low as 4.5m to 
a maximum 50.4m (Table 1). The seining of Nile perch from both 
deep open and shallow offshore waters and trawling from the deep 
open waters toward the shallow offshore waters ensured that if 
there are differences in habitat for different morphs as alleged, then 
all morphs would be sampled and included in the analyses. A total 
of 864 Nile perch fish were sampled from all lakes (Table 1). 
 
 
Biometric measurements and data analysis 
 
Morphological characters studied included - total length (TL), 
standard length (SL), body depth (BD), peduncle length (PL) and 
peduncle depth (PD) (Figure 3), so for every sampled fish 
measurements of these characteristics were taken immediately 
after capture/trawl. Ratios of TL to all other variables - SL, BD, PL 
and PD, and ratio of PL to PD for each sampled fish were 
calculated and also used in the analyses. The study also 
considered the length – weight relationships (LWRs) and the 
condition factor of the fish and establishes whether these are 
affected or affect the morphological variation of this fish. Condition 
factor refers to a mathematical formula for determining the 
physiological state of a fish, including its reproductive capacity. The 
heavier a fish is for a given length, the higher its condition factor 
(K), which is one  factor  that  is  considered  when  determining  the
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Figure 1. Map showing the East African lakes from which Nile perch was sampled for this study.  

 
 
 
health of a fishery. The LWRs of pooled data for all fish were 
estimated using the equation W = aLb (Pauly, 1983), where W = 
weight of fish in grams, L = TL in cm, b = length exponent (slope) 
and a = proportionality constant (intercept). The ‘a’ and ‘b’ values 
were obtained from a linear regression of length and weight of fish. 
The correlation or degree of association between length and weight 
(r2) was calculated from linear regression analysis, R = r2. The 
condition factor ‘K’ was determined using the equation, K = 
100W/L3. In order to standardize the data, all variables taken 
including SL, BD, PL and PD were expressed as a percentage of 
TL. Also since different strains of the Nile perch are thought to differ 
in PL and PD, the ratios of these two variables were expressed as 
percentage and the condition factor ‘K’ was determined for each 
sample. To ensure normality and homogenous variances, all values 
were log10 – transformed before statistical analyses were 
performed. The outcomes (PL/PD%, BD/TL%, BD/SL% and ‘K’) 
were then used as the variables in the consequent multivariate data 

analysis using the PAST software. Principal component analysis 
(PCA) was used to extract principal components from the four 
variables. The ‘PAST’ (PAlaeontology STatistical) software package 
was originally aimed at palaeontology but currently has become 
popular in ecology and other fields (Hammer et al., 2001). Using 
PAST, the measured morphological characters were subjected to 
multivariate analysis, a tool highly recommended for determining 
relationships between populations of a species (Thorpe, 1987) and 
for use in stock identification of freshwater fish and investigating 
taxonomical problems in sympatric populations (Cawdery and 
Ferguson, 1988). The most significant component that contributed 
most to the variance was then used in determining the 
morphological phylogenetic relationships of the Nile perch in the 
East African waters. Based on the outcome of the mixture analysis 
in ‘PAST’, all data were subjected to K-means clustering to 
determine non-hierarchical clustering of all the samples into the 
number of groups (2) specified under the  mixture  analysis.  For  all
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Figure 2.  Map of Lake Victoria showing the sampled sites. 

 
 
 
analyses the significance level considered was 0.05. 

 
 
RESULTS 
 
The LWRs of Nile perch was found to be Log10W = 
0.6664 + 0.3264Log10TL, corresponding to W = 
0.6664L

0.3264
, indicating an isometric growth pattern. The 

regression coefficient for the pooled data was r
2
 = 0.9832 

(Figure 6). The relative condition factor ranged from 0.57 
to 2.28 with average for pooled data at 1.16. Principal 
component analysis of the data from the four variables 
revealed that approximately 96.8% of the total variation 
was explained along two components 1 and 2, that is 
PD/PL% and BD/TL% respectively. With most of the 
variance provided by the component 1 - PD/PL% 
(73.457%) followed by BD/TL% (23.300%) then BD/SL% 
(3.2239%) and condition factor ‘K’ (0.017%) making the 
smallest contribution to morphological variation of the 
Nile   perch   (Table   2).   All   the   Eigen   values  for  all 

components were positive (Table 2) indicating all used 
variables have some effect on the morphological variation 
of the Nile perch with the most significant contribution 
from the variable percentage ratio PD/PL (Figure 5). 
When subjected to mixture analysis, the fish clustered 
into two groups (Figure 4). From the K-means clustering, 
the majority of the individuals (583) belonged to one 
group, that is, cluster 1 and the rest (281) belonged to the 
other group, that is, cluster 2. The mixture analysis curve 
(Figure 4) for all data pooled together showed two major 
groupings. The Neighbour-Joining clustering using 
Euclidean similarity measure generated by ‘PAST’ using 
the log10–transformed data from the principal component 
1 also revealed two clades. 
 
 
DISCUSSION 
 
These findings indicate that Nile perch fish growth is 
isometric and obeys the  cube  law  ‘W = L

3
’,  that  is,  the



Mwanja et al.          945 
 
 
 
Table 1. Showing the Sampling sites, number (N) of fish sampled from each site, the eco-zone of the sample site, and for Lake Victoria 
depth at the start and end of each fishing trawl.  
 

Population ID Number (N) Lake Country Eco - zone Depth start – End of trawl 

Emin Pasha /EPT 22 Victoria Tanzania Deep/ open 9.0 – 9.0 m 

Ruega point /RPT 50 Victoria Tanzania Deep/ open 25.0 – 24.0 m 

Mazinga /MT 38 Victoria Tanzania Deep/ open 45.0 – 48.0 m 

Kerebe/KT 31 Victoria Tanzania Deep/ open 50.0 – 50.4 m 

Ikondo/IT 40 Victoria Tanzania Deep/ open 30.0 – 30.0 m 

Kishoka/KIT 40 Victoria Tanzania Deep/ open 33.0 – 29.0 m 

Rubafu /RUT 20 Victoria Tanzania Deep/ open 9.4 – 9.4 m 

Lukuba/LUT 50 Victoria Tanzania Deep/ open 30.2 – 30.2 m 

Ushengere /UST 42 Victoria Tanzania Deep/ open 40.0 – 37.5 m 

Ukara /UKT 33 Victoria Tanzania Deep/ open 32.5 – 32.0 m 

Wiru /WIT 20 Victoria Tanzania Deep/ open 40.0 – 40.0 m 

Augustus /AUT 20 Victoria Tanzania Deep/ open 13.2 – 14.0 m 

Mwena /MWU 28 Victoria Uganda Deep/ open 32.0 – 31.0 m 

Kagege /KGU 15 Victoria Uganda Deep/ open 5.5 – 4.5 m 

Bugabu/BBU 46 Victoria Uganda Deep/ open 4.8 – 4.5 m 

Bumangi Ssese/BSU 39 Victoria Uganda Deep/ open 8.0 – 8.0 m 

Rosebery Channel/RCU 16 Victoria Uganda Deep/ open 24.0 – 24.6 m 

Kifudwe/KIU 41 Victoria Uganda Deep/ open 20.0 – 24.0 m 

Sigulu /SGU 12 Victoria Uganda Deep/ open 20.0 – 18.0 m 

Saga/SAK 50 Victoria Kenya Deep/ open 30.0 – 25.0 m 

Migingo/ MIK 35 Victoria Kenya Deep/ open 43.0 – 43.0 m 

Turkana /TLK 19 Turkana Kenya Deep/open and shallow/offshore _ 

Albert Kaiso /AKU 95 Albert Uganda Deep/open and shallow/offshore _ 

Kyoga - Bukungu /KYU 50 Kyoga Uganda Deep/open and shallow/offshore _ 

Nabugabo /NAU 18 Nabugabo Uganda Deep/open and shallow/offshore _ 

 
 
 

 
 

 
Figure 3. The morphological characteristics of the Nile perch fish that were measured 
during this study including total length (TL), standard length (SL), body depth (BD), 
peduncle length (PL) and peduncle depth (PD). In addition, the wet weight of each 
sampled fish was also taken. (Source of photo – FAO Fish Finder (1994).  
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Table 2. Eigen values and the distribution of variance among the different components. 
 

Morphological character Component ranking Eigen value Variance (%) 

PD/PL% 1 71.965 73.457 

BD/TL% 2 22.827 23.300 

BD/SL% 3 3.160 3.226 

K 4 0.016 0.017 
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Figure 4.  A graph of Frequency Vs PD/TL% of all data from the 
principal component (component one) showing normal curves of the 
probable 2 major groupings of sampled Nile perch generated after 
PCA under ‘PAST’. The unbroken line curve represents cluster one 
the most dominant and the broken line represents cluster 2. 
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Figure 5. Scores of the first two most significant 
principal components in this study. Component 1 
represents the PD/PL percentage ratio whereas 
Component 2 represents the BD/TL percentage ratio. 



 

Mwanja et al.          947 
 
 
 

 
 
Figure 6. Regression graph for pooled data for Log10TL versus Log10Wt showing regression 
coefficient ‘R2’ and regression equation. 

 
 
 
weight of the Nile increases in proportion to the cube root 
of its length. Also from the regression coefficient r

2
 = 

0.9853 all the LWRs of Nile perch were strongly 
significant. The results of the PCA indicate that of all the 
variables used in this study, the percentage ratio of 
PD/PL (73.457%) contributed most to the variance in the 
Nile perch. This suggests that the different morphs of the 
Nile perch most probably may be largely be differentiated 
by their characteristic difference in the form and size of 
their peduncle. The ratio BD/TL% also contributes 
significantly (23.3%) to the variation in morphology of the 
Nile perch, this ratio is an indicator of the body form, 
whether the fish is lean and long or stout and short. 
Therefore the peduncle and body size and form are 
responsible for the variation in morphology of the Nile 
perch, which agrees with what is known by the local 
fisher folk around the different lakes (personal 
communication from the interviews conducted during the 
sampling). The fisher folk recognize two general 
morphotypes of Nile perch, one stout (deeper body) with 
a short and thick peduncle, and the other lankier, with a 
long and slender peduncle. From the mixture analysis 
using PAST software and the generated tree the fish 
clustered into two groups/branches. This most probably 
suggests that there are probably two major morphs of 
Nile perch in East African waters. The local fisher folk 
further attested that the stout form, with a short and thick 
peduncle, is more common than the lankier form, which 
agrees with the mixture analysis and K-means analysis 
that places the sampled fish in two groups with one (583 
samples) more prominent than the other (281samples). 
The lankier morph most probably uses its slender and 
longer peduncle to swim faster and forages in the deep 
open waters where  rare availability of prey may not 
permit formation of a deep body, but  this  keeps  it  away 

from easy capture by fishermen, whereas the stout 
morph with the short and thick peduncle is thought to be 
slower, and as such this morph forages in the shallower 
open offshore waters where it can hunt easily, a situation 
that leads to its easier capture by the fishermen and 
therefore its predominance in the catch. The two 
clusters/groups differentiated largely by variation in 
peduncle morphs, despite the spatial separation from the 
putative lakes of origin they are as clearly distinct in their 
new environments in which they were introduced over 
five decades ago. Therefore it is most likely that the two 
Nile perch groupings are most probably from two different 
populations of even taxa at subspecies level, thus calling 
for further work using a combination of both 
morphological and molecular markers to properly classify 
the Nile perch and provide the basic (taxonomic status) 
prerequisite tool for its effective management. Most of the 
Nile perch fish in the sampled lakes belonged to one of 
the taxa, with the stout morph as the most dominant in 
the East African waters of lakes - Albert, Turkana, 
Victoria, Kyoga and Nabugabo. The contribution to 
morphological variation of the Nile perch by the condition 
factor can be ignored as the value (0.017%) is 
insignificant. The differences in condition factor are 
mainly due to the wellbeing of the fishery in certain 
environments and how fish best exploit those particular 
environments rather than the morphology of the fish. 
 
 
Conclusion 
 
The exhibited isometric growth implies that Nile perch 
does not increase in weight faster than the cube of their 
total lengths. The Nile perch of East Africa has two 
distinct   morphotypes,  the  stout  and  lankier  forms,  an 
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indicator that there are most probably two different 
subspecies of this species. The stout form is currently the 
major contributor to the Nile perch fishery on the East 
African Great lakes and their associated waters. Given 
that morphological and molecular data are only 
complementary and not in competition with one another 
(Chang, 2004), this outcome of morphological phylogeny 
analysis will be compared, contrasted and combined with 
the on-going analysis of the molecular phylogenetics of 
the very same samples of Nile perch in a bid to more 
clearly define the taxonomical status of the Nile perch of 
East African waters. The findings of this study are largely 
in conformity with earlier descriptions of this species by 
Holden (1967), Hopson (1972), Bwathondi (1985) and 
Harrison (1991). The implications to the management of 
the Nile perch fishery in the East African region is that the 
probable two populations or taxa  may have different 
biology, prey preferences, environmental conditions, 
sizes at first maturity fecundity, life expectancy and other 
differences that will require developing different 
management regimes for each morph/population. 

About the choice of taxon of Nile perch most suitable 
for domestication and culturing in the region, there is 
need for further work to determine the comparative 
advantage of the two morphs such as easy of adaptability 
to on-farm environmental conditions, breeding in 
captivity, stress tolerance, disease resistance and uptake 
of artificial diets. The two morphs need to be first mapped 
out in the different lakes and then further studied. 
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