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Oreochromis niloticus were sampled from culture fisheries (Yalelo, Fwanyanga and Choombwe) (n = 
211) in April and May, 2020. Capture fisheries (Siavonga and Sinazongwe) (n = 198) were sampled 
between April and November, 2020. The research was aimed to study the population parameters 
(growth rates, condition factors and natural mortality) of O. niloticus at Lake Kariba. The results showed 
that fish at culture fisheries exhibited positive growth (b > 3; b = 3.093) while fish at capture fisheries 
exhibited negative growth/negative allometry (b < 3; b = 2.24). The study established that fish at all the 
aquaculture farms were in good condition (Fulton’s condition factors were: Yalelo fishery KF = 1.95; 
Fwanyanga fishery KF = 1.77 and Choombwe fishery KF = 1.83). Fulton’s condition factors at both 
capture fisheries (KF = 1.91 at Siavonga and KF = 1.81 at Sinazongwe) were above the optimal value of 
1.0, hence the studied fish were healthy and in good condition. Culture fisheries were in better 
condition than capture fisheries (KF for culture fisheries was 2.24 while KF for capture fisheries was 
1.93). Fish from culture fisheries were growing faster than fish from capture fisheries (culture r

2
 was 

0.960 while capture r
2
 was 0.555). It can be further concluded that the habitats at Lake Kariba are 

favourable for fish production and they are supporting healthy fish stocks. Natural mortality values at 
capture fisheries and culture fisheries were similar (MW capture = 0.142, MW culture = 0.122). The larger 
condition factors at culture fisheries than capture fisheries and the higher growth rates of fish from 
culture fisheries than capture fisheries coupled to the lower natural mortality values at culture fisheries 
than capture fisheries entail that the aquatic habitat at culture fisheries are better than those  at  capture 
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fisheries at Lake Kariba. 
 
Key words: Lake Kariba, Oreochromis niloticus, captures fishery, culture fishery, condition factor, natural 
mortality. 

 
 
INTRODUCTION 
 
A Length-weight relationship (LWR) provides information 
on growth patterns, growth and condition of animals. 
Studies of Length-weight relationships are important in 
Fisheries biology because they are used for estimating 
the weight corresponding to a given length which a fish 
species should attain for it to start reproducing (Osho and 
Usman, 2019). 

Length-weight studies are important in estimating the 
average weight of a fish species at a given length group 
and in assessing the wellbeing of a fish population. If the 
relationship between the length and weight of fish is 
isometric, it implies that the increase in fish weight is 
proportional to the cube of its length. Previous studies on 
fish length-weight relationships showed above-average 
values of condition factors in Lake Eleyele, Nigeria 
(Adeosun et al., 2017), in Malilangwe Dam, Zimbabwe 
(Dalu et al., 2013) and in Lake Kariba, Zambia (Nyirenda, 
2017). 

Zambia is richly endowed with 145, 194 km
2
 of water 

area that makes it ideally suited to aquaculture. 
Aquaculture production in Zambia dates back to about 
four decades ago when there were about 6, 000 small 
scale farmers mainly found in urban areas, to now over 
13, 000 fish ponds throughout the country that are being 
administered by about 20, 620 fish farmers (ZAEDP, 
2019). The Nile Tilapia, Oreochromis niloticus is the most 
preferred fish in aquaculture production. This bream 
occurs naturally in Africa and the Levant (Marshall, 
2010), but it is now an exotic species in almost every 
country due to aquaculture (Nchimunya et al., 2018). The 
fisheries sub-sector in Zambia contributes approximately 
3.2% to the National Gross Domestic Product (GDP). The 
sector has seen an appreciable increase in production 
from 12, 998 metric tonnes in 2012 to 32, 888 metric 
tonnes in 2017 and fish production is expected to 
continue increasing due to the disbursement of 
aquaculture loans by the Government of the Republic of 
Zambia (ZAEDP, 2019; Mvula and Mwila, 2020). Many 
private citizens are now venturing into commercial fish 
farming in the Copperbelt, Lusaka and Southern 
Provinces, where ideal conditions for aquaculture 
business exist. Out of the over 10,000 metric tonnes of 
fish produced from culture fisheries at present, 75% 
comes from small-scale aquaculture, while commercial 
fish   farmers   produce   the   other  25%. Aquaculture  is 

expanding in all ten provinces of the country, and as a 
result, Zambia is now one of the largest aquaculture 
producers in sub-Saharan Africa. Aquaculture systems 
range from extensive to intensive systems and include 
both multispecies culture and monoculture. There are 
three levels of fish farmers: small-scale, emergent 
(smallholder), and commercial. Small-scale fish farmers 
rely on family labour and practice extensive culture. 
Emergent fish farmers purchase some inputs for 
aquaculture and they practice integration farming, 
implying that they combine fish farming, crop production 
and livestock raring, and they may use family or hired 
labour for various tasks. Commercial fish farming such as 
Yalelo fisheries Limited is usually very large, intensive 
and involves large investments (Mudenda et al., 2012). 

Zambia’s aquaculture systems range from small-scale 
extensive to intensive polyculture of Nile Tilapia (O. 
niloticus) and the Kafue Bream (Oreochromis andersonii) 
in earthen ponds, tanks, raceways and cages. Fish 
farming is practiced in all Zambian provinces most 
especially in urban areas and neighboring towns such as 
Chisamba, Kafue, Serenje and Mkushi (Nchimunya et al., 
2018).  

Lake Kariba ranks third in terms of fish output in 
Zambia after Lake Tanyanyika and Lake Bangweulu 
(Lake Kariba Fisheries Research Unit, 2015). Besides 
fish production, the major socio-economic benefit of 
aquaculture conducted on Lake Kariba is creation of 
employment. Lake Kariba is one of the main fishery areas 
that are being targeted for large-scale aquaculture fish 
production in Zambia. The other areas being targeted 
include Bangweulu, Kasempa, Mungwi and Rufunsa. 
These areas are ideal for aquaculture production 
because of their proximity to urban areas and they have 
abundant aquatic habitats (ZAEDP, 2019). 

Fish growth is usually studied by analysing length-
weight growth exponents and condition factors (Dalu et 
al., 2013; Ndiaye et al., 2015; Amponsah et al., 2020). 
Determination of growth parameters such as growth 
exponents are important in studying the wellbeing of fish,  
fish maturity, the ideal harvesting size and adaptability 
(Mahomoud et al., 2011; Saha et al., 2021). Condition 
factors are generally above average (greater than 1) 
among fish that have access to abundant food, and also 
among  fish  that  live  in  good  environmental  conditions 
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such as optimal temperature (about 25℃) and unpolluted 
water which has abundant oxygen and has good turbidity. 
Condition factors of fish are affected by fish health, sex 
and the genetic make-up of fish (Adeosun et al., 2017). 
O. niloticus of Lake Kariba were chosen for this study 
because they are the most preferred fish on the market; 
notwithstanding their common prevalence in most 
Zambian fisheries. Fish species with condition factor 
values greater than or equal to one (≥ 1) were considered 
to be in good condition and healthy while fish species 
with condition factors less than one (< 1) were considered 
to be in a bad condition and unhealthy (Adeosun et al., 
2017; Saha et al., 2021).  

Both condition factor and form factor are fundamental 
tools that can be used to differentiate organisms that 
belong to the same species (Rypel and Richter, 2008; 
Chaklader et al., 2016; Hasan et al., 2020).  

A condition factor can be used as an indicator of the 
health and sustainability of a fish stock.  Condition factor 
variables decrease with increase in length (Osho and 
Usman, 2019). In aquaculture farming, the condition 
factor can be used to provide information on the variation 
requirements of major dietary components such as 
protein and energy requirements of farmed fish (Keri et 
al., 2011). Condition factors of fish are affected by such 
factors as sex, seasons, environmental conditions, stress 
and availability of food. Ngodhe and Owuor (2019) 
observed stress as a result of the reduction in the 
breeding and nursery grounds of O. niloticus in Lake 
Victoria, Kenya. 

Mortality parameters are essential to the execution of 
sustainable management practices for improved 
conservation (Hossain et al., 2016, 2019; Ahmed et al., 
2020; Saha et al., 2021). Natural mortality is an important 
component which is used to estimate exploitation ratios 
of a fish stock in an aquatic habitat. An exploitation ratio 
which is less than 0.5 denotes under-exploitation while an 
exploitation ratio value above 0.5 depicts over-
exploitation. A natural aquatic habitat is optimally 
exploited if its exploitation ratio is 0.5. In a natural water 
body, if the natural mortality is higher than the fishing 
mortality, this may denote that the fishery is dominated by 
small sized-individuals (juveniles). Juvenile fishes are 
most prone to natural mortality induced conditions such 
as high temperature, predators and fluctuations in 
climate. A higher precautionary limit than the fishing 
mortality suggests a lower exploitation among fish 
species in a natural water body (Makeche, 2017; 
Amponsah et al., 2020).  

The majority of studies in Zambia on length-weight 
relationships of O. niloticus have focussed on capture 
fisheries. Information about growth parameters and 
natural mortality among O. niloticus from culture fisheries 
is very limited. This study was initiated to fill this gap in 
information and also provide useful information for fish 
management and conservation at Lake Kariba. It will also 
allow for  future  comparisons  between  wild  O.  niloticus 
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and reared O. niloticus in other aquatic habitats in 
Zambia.  

The study had four main objectives: 1. to compare the 
growth rates of O. niloticus from capture and culture 
fisheries using growth exponent coefficients, 2. to 
determine growth forms of O. niloticus at Lake Kariba, 3. 
To determine condition factors of O. niloticus at Lake 
Kariba and hence deduce the wellbeing of fish at Lake 
and, 4. To determine the natural mortality of O. niloticus 
at Lake Kariba. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
The research was conducted from Lake Kariba because it houses 
Zambia’s largest commercial fishery called Yalelo fishery Limited, 
and it is the largest man-made Lake in Zambia that has diverse 
ecological habitats that are rich in fish biodiversity (Mudenda et al., 
2012; Lake Kariba Research Unit, 2015). Oreochromis niloticus fish 
samples were collected from capture fisheries of Siavonga and 
Sinazongwe while samples from culture fisheries were collected 
from Yalelo fishery, Choombwe fishery and Fwanyanga fishery 
(Figure 1). 

 
 

Capture fisheries research design 
 

The selection of sampling sites for wild O. niloticus fish species took 
into consideration wetland classification criteria for lacustrine 
systems (Cowardin et al., 1979). Four days were dedicated at each 
sampling station during each sampling month; one day was 
reserved for travel and setting up camp. Actual sampling was 
conducted in three consecutive nights at each site, from April to 
November, 2020. Sampling during this period coincided with 
previously observed periods of heightened breeding activity (Offem 
et al., 2007).  Sampling for O. niloticus fish species from the wild 
was confined to estuaries and lagoons of Lake Kariba because 
these areas are rich in fish biodiversity. The sampled littoral 
subsystems at Siavonga and Sinazongwe belonged to either one of 
the following classes: rocky shore or rocky bottom, unconsolidated 
shore or unconsolidated bottom and aquatic bed. 

The capture fisheries which were sampled in Siavonga were 
Namachembele and Kanyelele. Namachembele in Siavonga was 
located along latitude -16.53° S and longitude 28.88° E. Kanyelele 
was located along latitude -16.61° S and longitude 28.78° E. These 
study sites had characteristic unconsolidated bottom in the river 
channel whereas a stretch of sandy shore formed the Lake-front. 
The estuary was lightly vegetated with emergent macrophytes, 
whereas patches of grass were present in the sandy shoreline.    

Nzenga in Sinazongwe was located along latitude -17.27° S and 
longitude 27.57° E while Simuzila was located along latitude -
17.54° S and longitude 27.56° E. The Nzenga study site was 
located on the South-Western portion of Lake Kariba and it is 
drained by the Zongwe River. The sampled areas at Simuzila had a 
characteristic rocky-bed formation grading into pebbles landwards, 
and a sandy shoreline on either side of the jetting peninsula that 
forms the landmass. Figure 1 shows the location of the study sites 
within Lake Kariba.  

The study followed the guidelines of the Declaration of Helsinki. 
Fish samples of wild O. niloticus were collected from the selected 
sampling sites of Lake Kariba using a passive fleet of gillnets of the 
mesh sizes represented in Table 1 following guidelines stipulated in 
the   Gillnet   Survey   Manual  by  the  Department  of  Fisheries  of 
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Figure 1. Map of Zambia showing the location of Lake Kariba and the study sites where fish samples 
were collected from. Capture fisheries include Sinazongwe and Siavonga and culture fisheries include 
Yalelo, Fwanyanga and Choombwe fisheries. 
Source: Quantum Geographic Information System (QGIS Software version 3.22.2). 

 

 
 

Zambia (Zambia Department of Fisheries, 2008). The different 
mesh-sized gillnets were intended to capture specimens of different 
sizes, representing fish at different maturity stages and age-
classes. Different mesh sizes were used to ensure that every target 
fish population was proportionately available in the catch sample. 
The gillnet panels were set on the Lake at 17:00hours and hauled 
at 07:00hours the following day. Each of the collected fish 
specimens was identified to species level, using Skelton (2001) and 
Marshall (2010). The caught fish specimens were handled ethically 
by immediately immersing them in 10% formalin. The sampled fish 
specimen was then weighed, measured and sexed. This sampling 
procedure was repeated for three nights at each study site.   

 
 
Culture fisheries research design 
 

The aquaculture fish farms that were sampled in April and May, 
2020 were Yalelo fishery Limited, Fwanyanga fishery and 
Choombwe fishery (Figure 1). 

Yalelo fishery Limited is a commercial  fishery  which is located in  

Siavonga’s Kamimbi bay along longitude 28.63°
 
E and latitude -

16.47°
 
S. The average depth of Yalelo fishery Limited is 30.1m. 

Yalelo fishery Limited sites lie over a 4 km radius in the vicinity of 
Kamimbi fishing camp in Siavonga. Each cage site consists of eight 
cages, with each cage covering an area of 314 m

2
 to 490m

2
 for 20m 

and 25 m diameter circular cages respectively. Yalelo has 90 cages 
on Lake Kariba. The cages measure 22m by 8m on average. The 
total surface area covered by cages is 22,134m

2
. Since Lake Kariba 

has a surface area of 5,580 km
2
; the cages cover less than one 

fifty-thousandth of the Lake surface (Mudenda et al., 2012). 66 fish 
samples were collected from Yalelo fishery Limited.  

Fwanyanga fishery is a subsistence fishery located in Siavonga’s 
Kabyobyo bay of Lake Kariba. Fwanyanga fishery lies along 
longitude 28.68° E and latitude -16.52° S. Fwanyanga fishery lies at 
an elevation of 475 m above sea level. 

Fwanyanga fishery consists of two cages that measure 6 m by 6 
m by 6 m. This fishery has a maximum fish production capacity of 
about 90 metric tonnes per year (Lake Kariba Fisheries Research 
Unit, 2015). 81 fish samples were collected from Fwanyanga 
fishery.  
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Table 1. Mesh sizes of gill-nets used in sampling wild O. niloticus fish samples.  
 

Mesh size (mm) 25 37 50 63 76 89 102 114 127 140 152 165 178 190 

Mesh size (inches) 1.0 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 
 

Source: Zambia Department of Fisheries (2008). 
 
 
 
Choombwe fishery is a subsistence fishery that is located in 
Gwembe’s Chipepo area of Lake Kariba. Choombwe fishery lies 
along longitude 28.02° E and latitude -16.00° S. Choombwe fishery 
is situated at an elevation of 488m above sea level. Choombwe 
fishery consists of one cage that measures 6m by 6m by 6m and it 
has a fish production capacity of about 90 metric tonnes per year 
(Lake Kariba Fisheries Research Unit, 2015). 64 fish samples were 
collected from Choombwe fishery.  

The selection of fish samples from culture fisheries at Lake 
Kariba followed previous recommendations by Rafael et al. (2016). 
Rafael et al. (2016) suggested that at least 20 individuals from each 
fish strain should be used to create the baseline dataset, comprising 
the reference populations. 

 
 
Statistical analyses 

 
The sampled fish specimens were measured to the nearest 0.1 cm 
and weighed to the nearest 0.1 g using a fish measuring board and 
an SF-400 electronic scale. The tilapiine fish specimens were 
dissected using a scalpel by making a longitudinal slit from the 
cloaca to the region below the pelvic fins as done in a previous 
study by Nyirenda (2017) for the purposes of determining whether 
the sampled fish specimen was male or female. Respective sexes 
were then determined on the basis of morphological appearance of 
the gonads. 

The growth exponent coefficient (b) was determined by linear 
regression from the length-weight relationship (LWR) in Microsoft 
Excel, 2016 (Microsoft Corporation, 2016) using the equation: W = 
aL

b
; where W = weight in grams, L = total length in centimeters, a is 

a scaling constant and b the growth exponent coefficient. This 
equation was logarithmically-transformed and expressed as: log 
Weight = a + b log Total length.  

Three different types of condition factors were determined in this 
study, namely: allometric condition factor, Fulton’s condition factor 
and relative condition factor. The allometric condition factor (KA) 
was calculated using following expression proposed by Tesch 
(1971): W/L

b
 where W is the body weight (g), L is the Total Length 

(cm), and b is the length weight relationship parameter. Based on 
the expression of Fulton (1904): KF = 100× (W/L

3
), (where W is the 

body weight in g, and L is the Total Length in cm), Fulton’s 
condition factor (KF) was estimated. To obtain the KF close to the 
unit, a scaling factor of 100 was used (Froese, 2006). Additionally, 
the relative condition factor (KR) was evaluated through following 
the formula of Le Cren (1951): KR = W/(a×L

b
), where W is the body 

weight (g), L is the total length (cm), and a and b are the length 
weight relationship parameters.  

The form factor (a3.0) of O. niloticus was estimated by the formula 
of Froese (2006) as: a3.0 = 

10 log a – s (b-3)
, where a and b are the 

regression variables of the length-weight relationship (total length 
against body weight), and s, is the slope of loga against b.  A mean 
slope was used; where S = -1.358 (Froese, 2006) for assessing the 
form factor. 

The natural mortality (Mw) of O. niloticus was assessed through 
the model proposed by Peterson and Wroblewski (1984) and Saha 
et al. (2021): Mw =1.92 year

-1
 *(W)

(-0.25)
; where, Mw = natural 

mortality at mass W; and W  =  a*L
b
 ,  a  and  b  are  the  regression 

variables of length weight regression (total length against body 
weight). 
 
 
Data analysis 
 
The collected results were analyzed using linear regression and 
One-way Analysis of Variance (ANOVA) using Microsoft Excel, 
2016 (Microsoft Corporation, 2016) and IBM SPSS Statistics 
Software Version 21.0 (IBM SPSS Statistics, 2012). 

Linear regression was conducted using Microsoft Excel, 2016 
(Microsoft Corporation, 2016) to determine the growth exponent 
coefficient ‘b’ while One-way ANOVA was computed using IBM 
SPSS Statistics Software version 21.0 (IBM SPSS Statistics, 2012) 
to determine significant differences (P = 0.05), if any, among the 
determined variates. Length-weight data was analyzed by 
constructing growth curves in order to show the growth pattern of 
sampled fish.  
 
 
RESULTS  
 
Length-weight relationship and condition factor at 
Yalelo fishery 
 
Weight measurements ranged from 141.2g to 220.3g with 
a mean of 221.9 g at Yalelo fishery. Length 
measurements ranged from a low of 199mm to a high of 
226mm with a mean of 225 mm. Fulton’s condition factor 
was 1.95 at Yalelo fishery. There was significant 
correlation between fish length and fish weight (r 65, 0.01 = 
0.812). The adjusted R

2
 was 0.765. ANOVA results 

showed a significant regression of length on weight (P = 
0.000). Linear regression equation of fish length and fish 
weight at Yalelo fishery was described by the 
mathematical model: log Weight = -1.44 + 2.79 log Total 
length. The growth exponent coefficient ‘b’ at Yalelo 
fishery was 2.79. The graphical representation of the 
length-weight relation is given in Figure 2. 
 
 
Length-weight relationship and condition factor at 
Choombwe fishery 
 

Weight measurements ranged from 80.5 to 809.5 g with a 
mean of 197.2 g at Choombwe fishery. Length 
measurements ranged from a low of 170 mm to a high of 
360 mm with a mean of 192 mm. Fulton’s condition factor 
was 1.83 at Choombwe fishery. There was significant 
correlation between fish length and fish weight (r 63, 0.01 = 
0.994). The adjusted R

2
 was 0.988. ANOVA results 

showed  a  significant regression of length on weight (P =  
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Figure 2. Graph of length-weight relationship of O. niloticus at Yalelo fishery. Graph depicting 
the logarithmic relationship between fish length and fish weight at Yalelo fishery. There was a 
significant correlation between fish growth and fish weight (R

2
 = 0.765). The graph shows a 

positive correlation between fish length and fish weight. 
Source: Authors. 

 
 
 

 
 

Figure 3. Graph of length-weight relationship of O. niloticus at Choombwe fishery. Graph 
depicting the logarithmic relationship between fish length and fish weight at Choombwe 
fishery. There was a significant correlation between fish growth and fish weight (R

2
 = 

0.988). The graph shows a positive correlation between fish length and fish weight. 
Source: Authors. 

 
 
 
0.000). Linear regression equation of fish length and fish 
weight at Choombwe fishery was described by the 
mathematical model: log Weight = -4.89 + 3.052 log Total 
length. The growth exponent coefficient ‘b’ at Choombwe 
fishery was 3.052. The graphical representation of the 
length-weight relation is given in Figure 3. 

Length-weight relationship and condition factor at 
Fwanyanga fishery 
 
Weight measurements ranged from 56.6 to 226 g with a 
mean of 123.5 g at Fwanyanga fishery. Length 
measurements  ranged from a low of 152 mm to a high of  
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Figure 4. Graph of length-weight relationship of O. niloticus at Fwanyanga fishery. Graph 
depicting the logarithmic relationship between fish length and fish weight at Fwanyanga 
fishery. There was a significant correlation between fish growth and fish weight (R

2
 = 0.98). 

The graph shows a positive correlation between fish length and fish weight. 
Source: Authors. 

 
 
 

236 mm with a mean of 191.2 mm. Fulton’s condition 
factor was 1.77 at Fwanyanga fishery. There was 
significant correlation between fish length and fish weight 
(r 80, 0.01 = 0.990). The adjusted R

2
 was 0.980. ANOVA 

results showed a significant regression of length on 
weight (P = 0.000). The Linear regression equation of fish 
length and fish weight at Fwanyanga fishery was 
described by the mathematical model: log Weight = -4.23 
+ 2.76 log Total length. The growth exponent coefficient 
‘b’ at Fwanyanga fishery was 2.76. The graphical 
representation of the length-weight relation is given in 
Figure 4. 
 
 

Combined results from Lake Kariba culture fisheries 
 
Combined weight measurements of sampled fish 
specimens at Lake Kariba culture fisheries ranged from 
56.6g to 809.5g with a mean of 206.5g. Combined length 
measurements ranged from a low of 152mm to a high of 
360mm with a mean of 210.1mm. The overall Fulton’s 
condition factor was 1.89. There was significant 
correlation between fish length and fish weight (r 210, 0.01 = 
0.980). The adjusted R

2
 was 0.728. ANOVA results 

showed a significant regression of length on weight (P = 
0.000). The Linear regression equation of combined fish 
length and fish weight for sampled fish at Lake Kariba 
culture fisheries was described by the mathematical 
model: log Weight = -4.97 + 3.093 log Total length. Thus, 
the overall growth exponent coefficient ‘b’ for Lake Kariba 
culture fisheries was 3.093 (Figure 5). 
 
 

Combined results from Lake Kariba capture fisheries 
 

Cumulative weight measurements at Lake Kariba capture 

fisheries ranged from 13.2 to 785.6 g with a mean of 300 
g. Length measurements ranged from a low of 93 mm to 
a high of 426 mm with a mean of 250 mm. The 
cumulative Fulton’s condition factor at Lake Kariba 
capture fisheries was 1.90. There was significant 
correlation between fish length and fish weight (r 197, 0.01 = 
0.558). The determination coefficient (Pearson’s adjusted 
R

2
) was 0.555. The regression ANOVA that was 

constructed in order to determine significant regression 
(P =0.05) of length on weight gave the results that are 
given in Table 2.  

The ANOVA table showed that there was significant 
regression of fish length on weight (P = 1.51E-36). The 
linear regression equation of fish length and weight was 
described as: 
 
Log Weight = -1.15 + 2.57 log Total length. The value of 
the growth exponent coefficient ‘b’ at Lake Kariba capture 
fisheries was 2.57. The length-weight relationship of O. 
niloticus at Lake Kariba capture fisheries was 
represented graphically as shown in Figure 6. 
 
 

Length-weight results of female O. niloticus from 
Lake Kariba capture fisheries 
 
Weight measurements of female O. niloticus fish 
specimens at Lake Kariba capture fisheries ranged from 
64.1g to 786g with a mean of 350g. Length 
measurements of sampled specimens ranged from a low 
of 152mm to a high of 390mm with a mean of 262mm. 
Fulton’s condition factor of female O. niloticus fish 
specimens at Lake Kariba capture fisheries was 1.95. 
There was significant correlation between fish length and 
fish     weight     (r 72, 0.01   =  0.924).    The    determination  
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Figure 5. Graph of length-weight relationship of O. niloticus at Lake Kariba culture 
fisheries. Graph depicting the logarithmic relationship between fish length and fish 
weight at Lake Kariba culture fisheries. There was a significant correlation between 
fish growth and fish weight (R

2
 = 0.728). The graph shows a positive correlation 

between fish length and fish weight. 
Source: Authors. 

 
 
 

Table 2. Length-weight regression ANOVA results at Lake Kariba capture fisheries. 
 

  Df SS MS F Significance F 

Regression 1 5.998018 5.998018 246.9382 1.51313E-36 

Residual 196 4.760751 0.02429 
  

Total 197 10.75877 
    

Df means degrees of freedom, SS means sum of squares, MS means mean sum of 
squares and F means the computer-generated comparison value. ANOVA means 
analysis of variance. 
Source: Authors. 

 
 
 
coefficient (Pearson’s adjusted R

2
) was 0.915. The 

regression ANOVA that was used to determine significant 
regression of length on weight, if any, (P = 0.05) gave the 
results in Table 3.  

The ANOVA Table showed that there was significant 
regression of fish length on weight (P = 1.15E-39). The 
linear regression equation of fish length and weight was 
described as: 
 
Log Weight = -1.47 + 2.799 log Total length. The value of 
the growth exponent coefficient ‘b’ for female O. niloticus 
fish specimens at Lake Kariba capture fishery was 2.80.  
The female fish length-weight relationship was represented 
graphically as shown in Figure 7. 
 
 
Length-weight results of male O. niloticus from Lake 
Kariba capture results 
 
Weight    measurements   of     male    O.    niloticus   fish  

specimens at Lake Kariba capture fisheries ranged from 
32.2 to 684 g with a mean of 266 g. Length 
measurements of sampled specimens ranged from a low 
of 93 mm to a high of 426 mm with a mean of 245 mm. 
Fulton’s condition factor of male O. niloticus fish 
specimens at Lake Kariba capture fisheries was 1.41.  

There was a significant correlation between fish length 
and fish weight (r 112, 0.01 = 0.672). The determination 
coefficient (Pearson’s adjusted R

2
) was 0.669. The 

regression ANOVA that was used to determine significant 
regression of length on weight, if any, (P = 0.05) gave the 
results in Table 4.  

The ANOVA table showed that there was significant 
regression of fish length on weight (p = 1.3E-28). The 
linear regression equation of fish length and weight was 
described as: Log Weight = -1.017 + 2.46 log Total 
length. The value of the growth exponent coefficient ‘b’ 
for male O. niloticus fish specimens at Lake Kariba 
capture fishery was 2.46.  

The male fish length-weight relationship was represented 
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Figure 6. Graph of length-weight relationship of O. niloticus fish specimens at Lake 
Kariba capture fisheries. Graph depicting the logarithmic relationship between fish 
length and fish weight at Lake Kariba capture fisheries. There was a significant 
correlation between fish growth and fish weight (R

2
 = 0.555). The graph shows a 

positive correlation between fish length and fish weight. 
Source: Authors. 

 
 
 

Table 3. Female length-weight ANOVA regression results at Lake Kariba capture 
fishery. 
  

  Df SS MS F Significance F 

Regression 1 3.941167 3.941167 760.3645 1.14997E-39 

Residual 71 0.368011 0.005183 
  

Total 72 4.309178 
    

Df means degrees of freedom, SS means sum of squares, MS means mean sum of 
squares and F means the computer-generated comparison value. ANOVA means 
analysis of variance. 
Source: Authors. 

 
 
 

graphically as shown in Figure 8. 
 
 
Condition factor and natural mortality results 
 
Fulton’s condition factors of Lake Kariba culture fisheries 
and Lake Kariba capture fisheries are given in Table 5.  

All sampled study sites had condition factors which 
were greater than 1.0. Condition factors of sampled fish 
specimens ranged from a low of 1.77 at Fwanyanga 
fishery to a high of 1.95 at Yalelo fishery. When fish from 
all culture fisheries were treated as a single population, 
the overall condition factor was 2.24. The value of the 
condition factor when data at both capture fisheries 
wascombined was 1.93. The histograms that were 
constructed in order to show the variations among the 
condition factors of the sampled fisheries is shown in 
Figure 9. 

Allometric condition factors, relative condition factor, 
form factor and natural mortality results 
 
The results of allometric condition factor, relative 
condition factor, form factor growth exponent coefficients 
and natural mortality results are given in Table 6. 
 
 

DISCUSSION 
 
Data on the population parameters of O. niloticus is still 
very rare in Zambia and Lake Kariba in particular. 
Literature on natural mortality parameters among cultured 
fish is equally rare. Hence, the current study focused on 
the proper description on population parameters including 
length-weight relationships, length-length relationships, 
multi-approach condition factors (KA, KF, KR), form factor 
(a3.0)  and  natural  mortality  (MW)  of  O. niloticus at Lake 
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Figure 7. Graph of length-weight relationship of female O. niloticus fish specimens at 
Lake Kariba capture fisheries. Graph depicting the logarithmic relationship between fish 
length and fish weight of female Oreochromis niloticus fish specimens at Lake Kariba 
capture fisheries. There was a significant correlation between fish growth and fish weight 
(R

2
 = 0.915). The graph shows a positive correlation between fish length and fish weight. 

Source: Authors. 

 
 
 

Table 4. Male length-weight ANOVA regression at Lake Kariba capture fishery. 
 

  Df SS MS F Significance F 

Regression 1 3.918549 3.918549 227.1236 1.30193E-28 

Residual 111 1.915076 0.017253 
  

Total 112 5.833625 
    

Df means degrees of freedom, SS means sum of squares, MS means mean sum of 
squares and F means the computer-generated comparison value. ANOVA means 
analysis of variance. 
Source: Authors. 

 
 
 
Kariba.  

The growth exponent coefficient (r
2
) was higher among 

fish from culture fisheries (r
2
 = 0.960 in Figure 5) than 

capture fisheries (r
2
 = 0.555 in Figure 6). This implied that 

fish from culture fisheries grow faster than fish from 
capture fisheries (Ngodhe and Owuor, 2019; Osho and 
Usman, 2019; Saha et al., 2021). This was expected 
because reared fish from culture fisheries are exposed to 
more food resources which are readily available than wild 
fish from capture fisheries. 

The faster growth of culture fish relative to capture fish 
was further confirmed by larger growth coefficients of 
cultured fish (b = 3.093) relative to capture fish (b = 2.23).  
This growth exponent result (b = 2.23) meant that fish at 
Lake Kariba capture fisheries exhibited negative 
allometric growth (b is less than 3) implying that the 
increase in body weight did not match the increase in 
total length (Dalu et al., 2013; Ndiaye  et  al.,  2015).  The 

value of the growth coefficient among female O. niloticus 
at Lake Kariba capture fisheries was 2.80. This growth 
exponent value (b = 2.80) meant that female fish at Lake 
Kariba capture fisheries exhibited negative allometric 
growth (b is less than 3) implying that the increase in 
body weight did not match the increase in total length 
(Dalu et al., 2013; Ngodhe and Owuor, 2019). The value 
of the growth exponent coefficient for male O. niloticus 
fish specimens at Lake Kariba capture fisheries was 2.46. 
This value (b = 2.46) meant that male fish specimens at 
Lake Kariba capture fisheries exhibited negative 
allometric growth (b is less than 3) implying that the 
increase in body weight did not match the increase in 
total length (Dalu et al., 2013; Osho and Usman, 2019; 
Saha et al., 2021). The previous studies on length-weight 
of various fish species showed a high degree of 
correlation between length and weight data. Length-
weight  relationship  results  obtained by Mahomoud et al.  
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Figure 8. Graph of length-weight relationship of Male O. niloticus at Lake Kariba capture 
fisheries. Graph depicting the logarithmic relationship between fish length and fish weight 
of Male O. niloticus fish specimens at Lake Kariba capture fisheries. There was a 
significant correlation between fish growth and fish weight (R

2
 = 0.669). The graph shows 

a positive correlation between fish length and fish weight. 
Source: Authors. 

 
 
 

Table 5. Fulton’s condition factors of sampled fisheries at Lake Kariba. 
 

Study site Weight (g) Length (mm) Condition factor (KF) 

Yalelo  222 225 1.95 

Choombwe 198 221 1.83 

Fwanyanga 123 191 1.77 

Lake Kariba culture fisheries combined 177 211 2.24 

Siavonga 352 264 1.91 

Sinazongwe 241 237 1.81 

Lake Kariba capture fisheries combined 300 251 1.93 
 

Source: Authors. 
 
 
 
(2011) from Lake Timsah, (Egypt) showed that growth 
exponent (b) for all the sampled specimens were nearly 
3; representing isometric values. Pearson’s correlation 
coefficient (r

2
) values were significant. The growth 

exponent results of combined data (b = 3.093) of this 
study tallies with positive allometric growth coefficients 
reported by Ngodhe and Owuor (2019) (b = 3.09), in the 
cages of Lake Victoria (Kenya), in various fish farms of 
Western Kenya by Musa et al. (2012) (b = 3.44) and in 
wild Oreochromis niloticus of Lake Kariba by Nyirenda 
(2017) (b = 3.24). The negative allometric growth 
coefficients obtained were also obtained by Khallaf et al. 
(2018) (b = 2.999) in the Egyptian Delta region and 
Amponsah et al. (2020) in the semi-lagoon of Ghana (b = 
0.54). The discrepancies between the results of this study 
and  results   from   other   aquatic   ecosystems  may  be 

attributed to differences among ecological habitats and 
genetic differences among the studied fish species. 

The form factor (a3.0) is useful in ascertaining whether 
or not the body dimension of a group of living organisms 
in a habitat is considerably different (Froese, 2006). The 
calculated a3.0 for O. niloticus was outside the fusiform 
range of 0.0131-0.0140 (Froese, 2006); suggesting 
another body form among O. niloticus fish at Lake Kariba. 
This was expected because genus Oreochromis has 
large deep-bodied fish (Skelton, 2001). Due to lack of 
related reference literature regarding the form factor of 
genus Oreochromis from other aquatic ecosystems in 
Zambia, it was not possible to make comparisons across 
the water bodies. The large form factor of O. niloticus fish 
from culture fisheries (0.823) compared to capture 
fisheries  (0.579)  indicates that fish from culture fisheries  
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Figure 9. Histogram of condition factors at Lake Kariba culture fisheries (a) and Lake Kariba 
capture fisheries (b).  The y-axis shows the condition factor at each fishery while the x-axis 
shows the fishery where fish samples were sampling was done. The capture fisheries were 
Siavonga and Sinazongwe (Figure 9b) while culture fisheries were Yalelo fishery, Choombwe 
fishery and Fwanyanga fishery (Figure 9a). Yalelo fishery showed the largest condition factor 
(Figure 9a) because it is a commercial fishery. Overall data showed a larger condition factor 
among culture fisheries than capture fisheries.  
Source: Authors. 

 
 
 

are generally larger than their counterparts from capture 
fisheries. This is expected because cultured fish have 
access to abundant nutritious food as opposed to fish 
from the wild where food resources such as diatoms, 
detritus and algae are scarce (Zengeya et al., 2015). 

Fish condition factor (K) is useful in measuring various 
parameters    such    as   habitat   productivity,  ecological  

conditions and fish biological factors such as plumpness, 
gonad maturity and fish adaptability to the environment 
(Mahomoud et al., 2011; Saha et al., 2021). The overall 
condition factor of O. niloticus fish at Lake Kariba culture 
fisheries (K = 2.24) was larger than the overall condition 
factor of O. niloticus fish at Lake Kariba capture fisheries 
(K = 1.97). The observed larger condition among cultured 
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Table 6. Growth parameters, condition factors and mortality results of O. niloticus at Lake Kariba. 
 

Fishery 
type 

N TL W a 
LWR LLR Condition factors 

b r
2
 a b r

2
 a3.0 KA KF KR MW 

Culture 211 211 177 -4.97 3.093 0.960 0.1035 0.996 0.933 0.823 0.0142 3.093 0.286 0.122 

Capture 198 251 300 -2.93 2.23 0.555 0.5798 0.7785 0.9256 0.579 0.227 2.24 0.904 0.142 
 

N = number of O. niloticus fish sampled, TL = mean total length in millimeters, W = mean weight in grammes, a = intercept, b = regression slope, r
2
 =    

coefficient of determination, a3.0 = form factor, KA = allometric condition factor, KF = Fulton’s condition factor, WS = anticipated standard weight and MW = natural 
mortality. 
Source: Authors. 

 
 
 
fish relative to captured fish can be attributed to 
the fact that cultured fish are exposed to better 
nutritious food than fish from the wild. The large 
condition factor of females relative to males may 
be attributed to sexual maturation among some 
female fish. It also implies that females were 
heavier than males. Musa et al. (2012) reported a 
lower condition factor (K = 1.12) just like Ngodhe 
and Owuor (2019) (K = 1.14) and Keri et al. 
(2011) (K = 1.64 to 1.79). Condition factor values 
obtained by Nyirenda (2017) (K = 2.108 to 2.191) 
were higher than the results from the present 
study. Condition factor results of this study were in 
the same range with results obtained by Khallaf et 
al. (2018) in the Egyptian Delta region (K = 1.67 to 
2.43). The allometric condition factor and relative 
condition factor were not considered for analysis 
because they are not reliable (Saha et al., 2021). 

The natural mortality of O. niloticus from capture 
fisheries (MW = 0.142) was larger than the natural 
mortality of O. niloticus from culture fisheries (MW 
= 0.122). This can be attributed to the fact that the 
habitat in a culture fishery is better than the 
habitat in a capture fishery. The similarity in 
values of natural mortality may be due to the fact 
that the sampled fish were from the same water 
body. The natural mortality of O. niloticus from the 
Kafue Floodplains obtained by Makeche (2017) 
was larger (MW = 2.12) than  the  values  obtained  

in the current study (MW for capture fisheries was  
0.142 and MW for culture fisheries was 0.122) due 
to differences in the habitat and the period of 
sampling. Natural mortality values of similar fish 
species (Trichogaster ladius) obtained by Saha et 
al. (2021) from Bangladesh (MW = 1.28) was 
different from the current values probably due to 
the differences in species and habitat. 
 
 
Conclusion 
 
Length-weight studies revealed that a relationship 
existed between fish total length and body weight. 
Growth exponent values obtained from length-
weight relationships and condition factors showed 
acclimatization of cultured fish, hence the above-
average condition factors. The allometric growth 
exponent coefficients obtained from the sampled 
fish entail that the habitats at the sampled 
fisheries were within the tolerance range for 
Oreochromis niloticus fish. The findings of the 
present study have shown that O. niloticus can be 
cultured on a large scale for food to meet the 
nutritional demand while improving the economic 
status of fish farmers. This is because all sampled 
fish from the three culture fisheries had above-
optimal condition factors implying that the reared 
fish  were  well-adapted  to  the  environment  and 

were in good condition. The present study 
provides firsthand information about the growth 
pattern and relative conditions of O. niloticus fish 
species from its ex-situ habitat. This study has 
provided a feedback on the wellbeing of the 
reared O. niloticus at Lake Kariba. 
 
 
Recommendations 
 
A similar research needs to be undertaken in 
other aquatic habitats in Zambia over a long 
period of time in order to study monthly changes 
in population parameters among different fish 
species. A similar study can also be conducted to 
compare growth and mortality parameters among 
cultured fish and wild fish in different water bodies 
in Zambia. 
 
 
CONFLICT OF INTERESTS  
 
The authors have not declared any conflict of 
interests.  
 
 
ACKNOWLEDGEMENTS  
 
This     study     was     funded    by    the    African  



34         Int. J. Fish. Aquac. 
 
 
 
Development Bank and the Ministry of Fisheries and 
Livestock of Zambia through the Zambia Aquaculture 
Enterprise Development Project. The authors would like 
to acknowledge Mr. Walubita Nasilele (Fisheries 
Aquaculture Officer, Siavonga, Zambia) and Mr. Robert 
Nkhata (Chilanga, Zambia) for their support during 
sample collection and technical staff at the University of 
Zambia, School of Veterinary Medicine. 

 
 
REFERENCES  

 
Adeosun O, Bankole A, Folake O (2017). Biology of Length-weight 

relationship and condition factor of some Cichlids in Lake Eleyele, 
Nigeria. Journal of Fisheries and Aquaculture Development P 122. 

Ahmed MBU, Ahammad AKS, Shahjahan M, Rabbi MF, Alam MA, 
Sakib MN, Bashar MA, Rahman MA, Hossain MY, Mahmud Y (2020). 
Age, growth and maturity of the Indian Shad, Tenualosa ilisha 
through otolith examination from different habitats in Bangladesh. 
Egyptian Journal of Aquatic Biology and Fisheries 24(6):343-359.  

Amponsah KKS, Asiedu B, Failler P (2020). Population parameters of 
Oreochromis niloticus (L) from a semi-open lagoon (Sakumo II), 
Ghana and its implications on management. Egyptian Journal of 
Aquatic Biology and Fisheries 24(2):195-207.  

Chaklader MR, Siddik MAB, Nahar A, Hanif MA, Alam MJ, Mahmud S 
(2016). Morphometric parameters and allometric growth in paradise 
threadfin Polynemus paradiseus (Linnaeus; 1758) from a coastal 
river of Bangladesh. Journal of Aquatic Research and Development 
5(2):3-7.  

Cowardin LM, Carter V, Golet FC, LaRoe ET (1979). Classification of 
wetlands and deep-water habitats of the United States. U. S. 
Department of the Interior, Fish and Wildlife Service, Northern Prairie 
Wildlife Research Centre. Philadelphia Press, Washington pp. 7-18. 

Dalu T, Bruce C, Nhiwatiwa T (2013). Length-weight relationships and 
condition factors of six fish species caught using gill nets in a tropical 
African reservoir, Zimbabwe. Transactions of the Royal Society of 
South Africa 68(1):75-79.  

Froese R (2006). Cube law, condition factor and weight length 
relationship: history meta-analysis and recommendations. Journal of 
Applied Ichthyology 22(4):241-253.  

Fulton TW (1904). The Rate of Growth of Fishes. Twenty-second 
Annual Reports, Part III. Fisheries Board of Scotland, Edinburgh pp. 
141-241. 

Hasan MA, Hossain MY, Khatun D, Pramanik MNU, Parvin MF, Jasmin 
J, Sharmin S, Rahman O, Mawa Z, Rahman MA, Hasan MR (2020). 
Morphometric and meristic traits of three ambassid fish species 
(Chanda nama, Parambassis lala and Parambassis ranga). Indian 
Journal of Geo-Mathematical Sciences 49(3):398-405. 

Hossain MY, Naser SMA, Bahkali AH, Yahya K, Hossen MA, Elgorban 
AM, Islam MM, Rahman MM (2016). Life history traits of the flying 
barb Esomus danricus (Hamilton, 1822) (Cyprinidae) in the Ganges 
River, Northwestern Bangladesh. Pakistan Journal of Zoology 
48(2):399-408. 

Hossain MA, Hossain MY, Hossen MA, Rahman MA, Islam MA, Khatun 
D, Nawer F, Ohtomi J (2019). Temporal variations of sex ratio and 
growth pattern of critically endangered catfish Clupisoma garua from 
the Ganges River of north-western Bangladesh. Indian Journal of 
Geo-Mathematical Sciences 48(5):647-653. 

IBM SPSS Statistics (2012). IBM SPSS Statistics Software, version 
21.0. Michigan, USA. 

Keri AI, Aziz BA, Abol-Munaf AB (2011). Condition Factor as an 
Indicator of Growth and Feeding Intensity of Nile Tilapia Fingerlings 
(Oreochromis niloticus) Fed on Different Levels of Maltose.  
American-Eurasian Journal of Agriculture and Environmental Science 
11(4):559-563. 

Khallaf EA, Authman MMN, Galal M, Zaid AR (2018). A comparative 
biological study on Oreochromis niloticus from two Nilotic canals in 
the Delta of Egypt. Egyptian Journal of Aquatic Biology and Fisheries 
22(5):39-63.  

 
 
 
 
Lake Kariba Fisheries Research Unit (2015). 2013 catch assessment 

survey of lake Kariba fishery. Fisheries Statistics and Information 
Management Unit, Chilanga, Zambia. 

Le Cren ED (1951). The length-weight relationship and seasonal cycle 
in gonad weight and condition in the perch (Perca fluviatilis). Journal 
of Animal Ecology 20(2):201-219. 

Mahomoud WF, Amin AMM, Ramadan AM, Elboray KF, EL-Halfawy 
MMKO (2011). Reproductive biology and some observation on the 
age, growth, and management of Tilapia zilli (Gerv, 1848) from Lake 
Timsah, Egypt. International Journal of Fisheries and Aquaculture 
3(2):16-26.  

Makeche MC (2017). Growth and Mortality of mouthbrooding tilapiines 
of the Kafue Floodplain fishery (M.Sc. dissertation). University of 
Zambia, Lusaka, Zambia. 

Marshall BE (2010). The Fishes of Zimbabwe and their Biology. South 
African Institute of Aquatic Biodiversity. Grahamstone, South Africa 
pp. 7-269. 

Microsoft Corporation (2016). Microsoft Excel User’s manual. Analytical 
Software. Tallahassee, USA. 

Mudenda C, Mudenda HG, Banda A (2012). Environmental impact 
assessment report on the development of a tilapia aquaculture 
project in Kamimbi, Siavonga District on Lake Kariba. Yalelo 
Fisheries Limited, Siavonga, Zambia. 

Musa S, Aura MC, Owiti G, Nyonje B, Orina P, Charo-Karisa H (2012). 
Fish farming enterprise productivity program (FFEPP) as an impetus 
to Oreochromis niloticus (L) farming in Western Kenya: lessons to 
learn. African Journal of Agricultural Research 7(8):1324-1330.  

Mvula S, Mwila P (2020). State nods 700 Aquaculture loans. Zambia 
Daily Mail 12(103):1-3. 

Nchimunya EN, Kaunda J, Nkunde CJ (2018). The Aquaculture sub-
sector in Zambia: challenges and opportunities. Journal of 
Aquaculture Research Development 10:5-16.  

Ndiaye W, Diouf K, Samba O, Ndiaye P, Panfili J (2015). The length-
Weight Relationship and Condition Factor of white grouper 
(Epinephelus aeneus, Geoffrey Saint Hilaire, 1817) at the South-west 
coast of Senegal, West Africa. International Journal of Advanced 
Research 3(3):145-153.  

Ngodhe OS, Owuor OJB (2019). Assessment of Length-Weight 
Relationship and Condition Factor of Nile Tilapia (Oreochromis 
niloticus) in Cage and Open Waters in Winam Gulf of Lake Victoria, 
Kenya. International Journal of Environmental Sciences and Natural 
Resources 22(3):97-101. 

Nyirenda M (2017). Abundance, Growth and Reproductive biology of 
Nile Tilapia, Oreochromis niloticus (Linnaeus, 1758) on Lake Kariba 
in comparison with tilapiines indigenous to the Middle Zambezi 
(M.Sc. dissertation). University of Zambia, Lusaka, Zambia. 

Offem BO, Akebgbejo-Samsons Y, Omoniyi IT (2007). Biological 
Assessment of Oreochromis niloticus (Pisces: Cichlidae; Linne, 1958) 
in a tropical Floodplain River. African Journal of Biotechnology 
6(16):1966-1971. 

Osho EF, Usman AR (2019). Length-weight relationship, condition 
factor and fecundity of African Snakehead Parachanna obscura from 
the Anambra River, South-East Nigeria. Croatian Journal of Fisheries 
77(2):99-105.  

Peterson I, Wroblewski JS (1984). Mortality rates of Fishes in the 
pelagic ecosystem. Canadian Journal of Fisheries and Aquatic 
Sciences 41:1117-1120. 

Rafael AB, Raphael O, Walter AB (2016). Identifying Nile Tilapia strains 
and their hybrids farmed in Brazil using microsatellite markers. 
Brasilia 10(2):1744-1750.  

Rypel AL, Richter TJ (2008). Empirical percentile standard weight equation 
for the blacktail redhorse. North American Journal of Fisheries 
Management 28(6):1843-1846.  

Saha N, Roy P, Nadia MZ, Ahamed F, Hossain YM (2021). Growth, 
Condition, Maturity and Mortality of the Dwarf Gourami, Trichogaster 
ladius (Hamilton, 1822) in a Wetland Ecosystem (Beel Dakatia), 
Southwestern Bangladesh. Egyptian Journal of Aquatic Biology and 
Fisheries 25(3):505-524.  

Skelton PH (2001). A Complete Guide to the Freshwater Fishes of 
Southern Africa (5

th
 edition). Random House Struik Publishers, Cape 

Town, South Africa.   
Tesch  FW  (1971).  Age and growth. In: Methods for assessment of fish 



 
 
 
 

production in fresh waters, second edition, Blackwell Scientific 
Publications, Philadelphia, USA. 

ZAEDP (2019). Genetic improvement program of Kafue Bream 
(Oreochromis andersonii). Chilanga, Zambia.  

Zambia Department of Fisheries (2008). Research Gillnet Survey 
Manual and Guide, second edition, Falcon Press, Chilanga, Zambia. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Makeche et al.         35 
 
 
 
Zengeya AT, Mark PR, Booth AJ (2015). Broad Niche overlap between 

Nile Tilapia Oreochromis niloticus and Indigenous Congenerics in 
Southern Africa: Should We be Concerned Entropy 17(7):4959-4973. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 


