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Abstract 
The study estimated population parameters of four leading commercial fish species of Awach Kibuon 

River in Lake Victoria Basin, Kenya to inform management interventions for sustainability. Length data 

were collected monthly from January to December 2020 and length-frequency analysis conducted in 

FiSAT II software utilizing ELEFAN I Routines. Exploitation rates (E = 0.63) for Protopterus 

aethiopicus (Heckel, 1851) and (E = 0.56) for Clarias gariepinus (Burchell, 1822) indicate overfished 

stocks (E > Eopt) whereas exploitation rates (E = 0.31) for Synodontis victoriae (Boulenger, 1906) and (E 

= 0.32) for Oreochromis niloticus (Linnaeus, 1758) signify optimal exploitation (E = Eopt). There were 

year-round recruitments with bi-modal annual pulses in the populations of O. niloticus, S. victoriae, and 

P. aethiopicus. These results are crucial for sustainable management of riverine fisheries in the Lake 

Victoria Basin. This study recommends reduction of fishing pressure on P. aethiopicus and C. gariepinus 

to enhance their sustainability. 
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1. Introduction 
Estimation of fish population parameters is important in understanding fish stock status and 
subsequent planning for their sustainable management [1, 2]. Natural fish populations are 
dynamic owing to varying environmental conditions and changing fishing pressures [3]. 
Recruitment-, growth-, and mortality rates are the main drivers of fish population dynamics [4, 

5]. Fish populations increase in size if recruitment and growth rates exceed mortality losses and 
decrease if mortality rates are higher. Fish population parameters are influenced by 
environmental conditions and life-history strategies of the fish species [6]. Long-lived species 
exhibit bigger asymptotic lengths (L∞), low natural mortality rates (M), and low growth 
curvatures (K) while short-lived species exhibit smaller asymptotic lengths (L∞), high natural 
mortality rates (M), and high growth curvatures (K) [7].  
Recruitment refers to the number of fish that survive the spawning and nursery grounds to 
enter the fishing grounds in a year. It is highly variable in natural fish populations, varying 
from year to year [1]. The causes of high variability are unclear but competition, cannibalism, 
predation, diseases, and water temperature are known to influence eventual recruitment to 
adult fish populations [9, 10]. Growth refers to increase in length or weight of fish in the 
population over time. Growth of individual fish in fish populations is described by the von 
Bertanlanffy growth model: L(t) = L∞ × {1- exp (-K×(t-t0)), where L∞ is the asymptotic 
length, K is the rate at which fish grows towards this size, and t0 is the hypothetical age of fish 
at which the length of fish is zero [9]. In temperate fish species, growth is measured by use of 
annual and seasonal growth rings on scales, otoliths, vertebrae, and fin rays but in tropical fish 
growth is estimated by length-frequency analysis due to lack of distinct seasonal and annual 
growth rings. Commonly estimated growth parameters include asymptotic length (L∞) and 
growth curvature (K) which are unique to each species but may vary for different populations 
of the same species [9]. 
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Mortality in fish populations is partitioned into natural 

mortality and fishing mortality. Natural mortality is caused by 

predation, pollution, spawning exhaustion, senescence, 

diseases and other natural factors [9] whereas fishing mortality 

is attributed to fishing. Mortality is measured in terms of total 

mortality rate (Z), natural mortality rate (M) and fishing 

mortality rate (F) [9]. Exploitation rate (E) is the fraction of 

total mortality (Z) that is attributable to fishing. It is 

calculated by the formula: E = F/Z. This ratio helps to assess 

whether the stock is overfished. E optimum (Eopt) is equal to 

0.5 based on the assumption that sustainable yield is 

optimized when F = M [11, 12].  

The study of fish population dynamics is crucial for 

sustainable management of fish stocks globally. Fish 

population parameters have been estimated for key species in 

marine [6], lacustrine [7], and riverine ecosystems [2]. In Africa, 

such studies are common in lakes, reservoirs and large rivers 
[15]. In the Lake Victoria Basin, numerous fish population 

dynamics studies have been conducted [16, 17]. However, small 

to medium-sized riverine fish stocks remain largely unstudied 

globally. This study focused on the medium-sized Awach 

Kibuon River, Lake Victoria Basin, as a case study to inform 

management interventions for sustainable riverine fisheries. It 

specifically sought to determine: a) growth parameters; b) 

exploitation status; c) annual mortality rates (Z, M & F); and 

d) recruitment patterns of the four leading commercial fish 

species of the river. 

 

2. Materials and Methods 

2.1 Study Area 

The study was conducted at the mouth of Awach Kibuon, a 

52-km long medium-sized river that drains the southern part 

of the Lake Victoria Basin, Kenya (Figure 1). The catchment 

basin of the river straddles longitudes 34°58'48.0"E to 

34°37'48.0"E and Latitudes 0°36'0.0"S to 0°21'0.0"S. The 

river provides breeding grounds to potamodromous fish 

species and refuge to endangered lacustrine species of Lake 

Victoria [18]. It also influences water quality of the lake 

through water discharge and deposition of sediments and 

nutrients from surrounding farm lands [19]. The watershed is 

characterized by subsistence farming which increases in 

intensity upstream [20]. The upper part of the river basin is 

densely populated exerting enormous pressure on land 

resources. 

 

 
 

Fig 1: A map of Kenya (inset) showing the location of Lake Victoria Basin, River Awach Kibuon and the river mouth sampling site where fish 

length measurements were taken 

 

2.2 Fish sampling and data collection 

Total length data (TL, cm) of the four studied fish species 

were collected monthly from January to December 2020 from 

the catches of artisanal fishermen to provide data for length-

frequency analysis and determination of fish population 

parameters. Fish samples were collected randomly every mid-

month for consistency. To minimize errors associated with 

fishing gear selectivity, only catches from multi-mesh gillnets 

were sampled.  

 

2.3 Data Analysis 

Length data of each species were first entered into Microsoft 

Excel 2010 then arranged in length-classes with equal length 

intervals to meet the data requirements of the FAO ICLARM 

Stock Assessment Tools (FiSAT II) software. The electronic 

length frequency analysis I (ELEFAN I) in FiSAT II Software 

Version 1.2.2 was used to estimate the population parameters 
[21]. 

2.3.1 Growth parameters 

Estimates of the growth parameters K (yr-1) and L∞ (cm) for 

each species were obtained using ELEFAN I routine in 

FiSAT II software [21] based on the von Bertalanffy growth 

function (VBGF): Lt = L∞ (1 - exp (-K (t – t0), where Lt = 

predicted length at age t; L∞ = asymptotic length; K = growth 

curvature; and t0 = the hypothetical age of fish at zero length. 

Growth performance index (θ′) was computed by the 

following equation [24]: θ′ = Ln (K) + 2 ln (L∞). 

  

2.3.2 Mortality and exploitation rates 

Total mortality rate, Z (yr−1), was estimated using the length-

converted catch curve method in ELEFAN I, using the final 

estimates of L∞ and K and the length distribution data for the 

species as inputs [22]. The natural mortality rate, M (yr−1) was 

estimated with K (yr−1), L∞ (cm) and T (mean annual habitat 

temperature (22.7 °C) in this case), according to Pauly’s 

empirical formula [23], as follows: Ln (M) = −0.0152 − 0.279 

http://www.fisheriesjournal.com/
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ln (L∞) + 0.6543 ln (K) + 0.4634 ln (T) 

Fishing mortality (F) (yr−1) was computed from the 

relationship: F = Z – M  

Exploitation rate (E) was calculated from the following 

equation [13]: E = F/Z = F/ F+M  

 

2.3.3 Beverton and Holt Y′/R and B′/R analyses 

The relative yield-per-recruit model used was based on the 

Beverton and Holt model [25], modified by Pauly and Soriano 
[26]. The option assuming knife-edge selection was utilized, 

using probabilities of capture. Lc/L∞ and M/K ratios were 

used as inputs. The relative yield-per-recruit (Y′/R) was 

computed following equation: 

 

 
      

Where U = 1 - (Lc/L∞); m = (1-E)/ (M/K) = (K/Z); and E = 

F/Z 

The relative biomass-per-recruit (B′/R) was estimated by the 

following equation: 

 

    
   

Biological reference points, Emax, E0.1 and E0.5 were estimated 

using the first derivative of this function. Emax is the 

exploitation rate at maximum sustainable yield (MSY), E0.1 is 

the exploitation rate at maximum economic yield (MEY), and 

E0.5 is the optimum exploitation rate. 

  

2.3.4 Recruitment patterns 
Recruitment patterns routine in FiSAT II software 

reconstructed recruitment pulses from a time series of length-

frequency data to determine the number of pulses per year and 

the relative strength of each pulse. Growth parameters L∞ and 

K were used as inputs, by backward projection, along a 

trajectory defined by the VBGF, of the frequencies onto the 

time axis of a time-series of samples to obtain plots 

illustrating the seasonal patterns of recruitment per species.  

 

3. Results 

3.1 Growth parameters 

The estimated growth parameters (L∞ & K) and the growth 

performance indices (θ′) of the four (4) exploited fish stocks 

are given in Table 1. The growth curvatures (K) for the four 

(4) species were 0.67 (O. niloticus), 0.70 (C. gariepinus), 0.83 

(S. victoriae) and 1.1 (P. aethiopicus). Asymptotic lengths 

(L∞) were 26.3 cm (S. victoriae), 46.2 cm (O. niloticus) 92.9 

cm (C. gariepinus) and 153.7 cm (P. aethiopicus).  

 
Table 1: Growth parameters (L∞ and K) and growth performance 

index (θ′) of 4 commercially exploited fish populations in Awach 

Kibuon River, Lake Victoria Basin, Kenya. 
 

Species Name L∞ K θ′ M/K 

Oreochromis niloticus 46.2 0.67 3.16 1.7 

Protopterus aethiopicus 153.7 1.10 4.42 1.0 

Clarias gariepinus 92.9 0.70 3.78 1.3 

Synodontis victoriae 26.3 0.83 2.76 1.8 

 

3.2 Annual mortality rates (Z, M & F) and exploitation 

rates E, E1.0, E0.5 and Emax 

Mortality rates Z, M and F and exploitation rates E, E0.1, E0.5 

and Emax for the four (4) exploited fish stocks are shown in 

Table 2 whereas the length converted catch curves are 

presented in Figure 2. Total mortality rates Z (yr-1) were 1.64 

(O. niloticus), 2.15 (C. gariepinus), 2.17 (S. victoriae) and 

2.94 (P. aethiopicus). Natural mortality rates M (yr-1) were 

0.94 (C. gariepinus), 1.09 (P. aethiopicus), 1.11 (O. niloticus) 

and 1.49 (S. victoriae). Exploitation rates (E) were 0.31 (S. 

victoriae), 0.32 (O. niloticus) 0.56 (C. gariepinus) and 0.63 

(P. aethiopicus). These results show that P. aethiopicus and 

C. gariepinus stocks are overexploited but only P. aethiopicus 

is exploited above the Emax level. 

 

 
 

Fig 2: Length converted catch curves showing mortality rates (Z), (M), (F), and exploitation rate (E) of S. victoriae, O. niloticus, C. gariepinus 

and P. aethiopicus in River Awach Kibuon, Lake Victoria Basin, Kenya 

http://www.fisheriesjournal.com/
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Table 2: Estimates of mortality rates Z, M, F and exploitation rates E, E0.1, E0.5 and Emax of 4 exploited fish populations in Awach Kibuon River, 

Lake Victoria Basin, Kenya 

 

Species Name N/M Class interval (cm) Z (yr-1) M (yr-1) F (yr-1) E = F/Z E0.1 E0.5 Emax 

Oreochromis niloticus 1678/11 3 1.64 1.11 0.53 0.32 0.46 0.31 0.54 

Protopterus aethiopicus 477/12 12 2.94 1.09 1.85 0.63 0.46 0.32 0.53 

Clarias gariepinus 655/12 7 2.15 0.94 1.21 0.56 0.66 0.37 0.75 

Synodontis victoriae 1632/12 2 2.17 1.49 0.68 0.31 0.61 0.35 0.70 

N = total number of fish sampled; M = number of months sampled 

 

3.3 Recruitment Patterns 

Recruitment patterns showing year-round and bi-modal 

annual pulses are illustrated in Figure 3. The main recruitment 

pulses occurred from April to June while the second pulses 

were observed from September to October coinciding with 

long and short rainy seasons of the year, respectively. 

 

 
 

Fig 3: Estimated recruitment patterns of S. victoriae, O. niloticus, C. gariepinus and P. aethiopicus populations in River Awach Kibuon, Lake 

Victoria Basin, Kenya 

 

3.4 Beverton and Holt relative yield and biomass per 

recruit models 

The Beverton and Holt’s relative yield-per-recruit and 

biomass-per-recruit model indices for sustainable yields for S. 

victoriae, O. niloticus, C. gariepinus, and P. aethiopicus are 

given in Table 2. The model indices for O. niloticus were 0.31 

for optimum sustainable yield (E0.5), 0.54 for the maximum 

sustainable yield (Emax) and 0.46 for maximum economic 

yield (E0.1).  

 

4. Discussion 

The results of the current study compared to those of previous 

studies indicate notable changes in population parameters of 

the four studied species over the last four decades in the Lake 

Victoria Basin. Asymptotic length of O. niloticus (L∞ = 46.2 

cm) in the current study is exactly similar to 46.2 cm reported 

in another study [27] in 2016 but smaller than 64.6 cm, 63.1 cm 

and 58.8 cm reported in previous studies of lake Nile tilapia 

populations [28, 29, 16]. The asymptotic length of C. gariepinus 

(L∞ = 92.9 cm) is equally smaller than the 114.3 cm reported 

in Lake Baringo in 2017 [30]. Similarly, the asymptotic length 

of S. victoriae (L∞ = 26.3 cm) is much smaller than 40.0 cm 

reported in Lake Victoria [31] in 1988. These declines may be 

attributed to over-fishing and increasing habitat degradation 

within the Lake Victoria Basin [9].  

Growth curvature (K) for O. niloticus has steadily increased 

from 0.25 yr−1 [28] in 1992, to 0.35 yr−1 [29] in 1994, to 0.59 

yr−1 [16] in 2007 and to 0.67 yr−1 in the current study (2020). 

The same trend was also observed in growth studies of S. 

victoriae and C. gariepinus populations in Lake Victoria [31] 

and Lake Baringo [30], respectively. The high growth 

curvatures (K) imply fast growth rate and earlier attainment of 

asymptotic lengths (L∞). The changes in asymptotic lengths 

(L∞) and growth curvatures (K) indicate a decrease in average 

size of landed individuals of the four fish species over time. 

This may be attributed to stressful environments as a result of 

environmental degradation and overfishing [9]. This view is 

validated by widespread habitat/environmental degradation in 

Lake Victoria [32].  

The total mortality rate (Z), natural mortality rate (M) and 

fishing mortality rate (F) have all increased over the last four 

decades in all the four fish species investigated. Increase in 

fishing mortality rates in Lake Victoria Basin may be 

attributed to rapid increase in the fishing effort [33]. 

Environmental degradation of the Lake Victoria Basin by 

pollution, invasive weeds, eutrophication and climate change 

http://www.fisheriesjournal.com/
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[32] may also be responsible for high mortality rates. 

Overcapacity of fishermen, fishing gears and fishing crafts is 

also a widespread challenge in the entire basin [33].  

Exploitation rate (E) of 0.32 for O. niloticus is comparable to 

0.34 reported in another study [28]. However, the exploitation 

rate (E) of 0.56 for C. gariepinus is higher than 0.46 reported 

in Lake Baringo [30]. The higher E values may be attributed to 

increasing fishing pressure on the fish populations of Lake 

Victoria [33]. The impact of population parameters on the 

biomass and yield is best reflected in the Beverton and Holt’s 

yield-per-recruit model [25]. At the reported mortality rates, the 

observed exploitation rate (E) of 0.32 for O. niloticus is close 

to the optimum exploitation rate E0.5 of 0.31, but lower than 

Emax of 0.54 (MSY) and E0.1 of 0.46 (MEY). This implies that 

the O. niloticus population in Awach Kibuon River is 

optimally fished. In contrast, the (E) of 0.63 for P. aethiopicus 

is much higher than E0.5 (0.32), E0.1 (0.46), and Emax (0.53) 

signifying overexploitation of P. aethiopicus stock and danger 

to sustainability of the stock.  

Recruitment patterns showed all year-round recruitment with 

bi-modal annual pulses for three species (S. victoriae, O. 

niloticus and P. aethiopicus) and one pulse for C. gariepinus 

occurring during May-June and September-October months. 

The first pulse was usually more pronounced than the second 

and both recruitment pulses coincided with long and short 

rainy seasons of the year. These findings concur with Pauly’s 

(1982) observations of two recruitment pulses occurring in 

tropical fish and short-lived species annually. These findings 

are comparable to those reported in a study of Nile perch 

populations in Lake Victoria [17]. 

 

5. Conclusions and Recommendations  

From the results of this study, it is concluded that P. 

aethiopicus and C. gariepinus stocks in Awach Kibuon River 

are overexploited with high total and fishing mortality rates (Z 

& F). Fish populations in the river exhibited year-round 

recruitment with bi-modal annual pulses that characterize 

tropical species. Occurrence of overfishing is shown by small 

asymptotic lengths and high growth curvatures (K). There is a 

need to reduce fishing pressure on the overexploited P. 

aethiopicus and C. gariepinus stocks in order to enhance their 

sustainability in riverine fisheries of the Lake Victoria Basin. 
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