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ABSTRACT 

Fish species diversity and population parameters from three different sites (A, B and C) 

of Jakara Reservoir were studied from February 2018 to July 2018. Low Shannon-weiner 

index (0.77-1.33) and Simpsons index of diversity (0.411-0.701) indicates that the 

reservoir was not diverse. Five (5) species from two (2) families were identified during 

the period of study. The species identified were Clarias anguillaris, and Clarias 

gariepinus, belonging to family Claridae and Oreochromis niloticus, Hemichromis 

bimaculatus and Tilapia zillii belonging to family Chichlidae. The family Chichlidae has 

more species appearance with 87.32% with O.niloticus dominating the catches 60.34%, 

while the least species appearance with 12.68% was Claridae. Site C has the highest fish 

frequency (49.6%) while site B is the lowest (19.0%). The month of July has the highest 

frequency of all the fish species (21.96%), where as the fewest fish (12.37%) were caught 

in February. In terms of population dynamics, FAO and ICLARM Stock Assessment 

Tools (FISAT) was used to analyse growth, recruitment and mortality parameters on 

length based data. C.anguillaris was not analysed due to low data which does not behave 

well in the software. The species were small in size especially chichlidae with higher 

growth rate. Mortality was low and more of natural factors. The recruitment of all the 

species was found throughout the year with major peak in June. By using Paulyꞌs 

exploitation rate of 0.5 and values obtained from relative yield and relative biomass per 

recruit (EMax, E0.1 and E0.5), Jakara Dam fishes were not over exploited and economic 

target was not achieved. The growth pattern of the species was negatively allometric with 

b values of 1.14 - 1.83.  
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background of the Study  

The ecosystem services of freshwater aquaculture have the capacity to generate 

significant economic returns, support recreational activities with substantial societal 

benefits, and play an important role in global food production (Pitcher, 1999; Ross et al., 

2008). Global freshwater fish aquaculture production in 2009 exceeded 73 million tones, 

worth approximately $US 61 billion (FAO, 2014). Fish is widely consumed by people 

throughout the globe as stable food with a rich source of proteins for health benefits 

(Mayank et al., 2017). Olusola and Arawomo (2008) stated that it contributes as much as 

17% of the world’s animal protein.  Inland fisheries play an important role in the 

provision of protein to Nigerians with a high population of about 178.5 million people 

(FDF, 2008), especially when imported, fish is becoming too expensive for low income 

earners as observed by Olusola and Arawomo (2008). 

Apart from being used as food, it contributes to the country
’
s GDP as well as employment 

generation (Cadima, 2003). The nutritive and medicinal importance of fish has been 

recognized since from ancient time to date (Ravindra et al., 2014). Fish is of great benefit  

for cardio-vascular disease patients due to its Omega- 3 polyunsaturated fatty acid 

component (Dan-kishiya, 2013). Looking at all this and being the cheapest source of 

animal protein to human, fish need to be manage and conserve in reservoirs for human 

benefit (Ibrahim et al., 2009). Their rate of exploitation must balance their renewability 

capacity since they are limited but renewable (Udoh et al., 2013). This requires detail 
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knowledge of the species diversity and composition in the water bodies (Abiodun & 

John, 2017), as well as population dynamics. 

 In Nigeria, fisheries resources are on the decline due to over exploitation and inadequate 

management of the coastal waters. For sustainability of these resources, an adequate 

knowledge of biodiversity and population dynamics of the water bodies must be 

understood and vigorously pursued (Lawson & Olusanya, 2010). Knowledge of fish 

biodiversity and population dynamics is important and necessary in fishery biology in 

order to determine the status of fish stock and manage fishery resources (Dwivedi, 2012; 

Rizvi et al., 2010). It is the basis for understanding changing fishery patterns and issues 

such as habitat destruction, predation and optimal harvesting rates (Gupta et al., 2015). 

Biodiversity is a measure of the members of species that make up a biological community 

and is considered to be one of the most important aspects of community organization and 

structure. Species richness and relative abundance describe key elements of biodiversity. 

The former is the number of different species in a given area, which is the fundamental 

unit in which to assess the homogeneity of an environment, it is commonly used in 

conservation studies to determine the sensitivity of ecosystems and their resident species, 

while the latter describes how common or rare a species is, relative to other species in a 

given community (Lawson & Olusanya, 2010). 

Banks et al. (1967) identified and described about 139 species of fish in River Niger 

within the then proposed Kainji Reservoir Basin. Reed et al. (1967) reported about 160 

species within the then Northern Region of Nigeria. Since then, numerous studies have 

been undertaken on Lake Kainji and other freshwater bodies leading to the description of 

many species (Chude, 1979; Ita & Pandogari 1987). According to Obasohan and 
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Oronsaye (2006), Welman (1984) identified 181 species of fish from the major river 

systems and Lakes of Nigeria, including some estuarine and marine fish species which 

are frequent in the rivers.  

Population dynamics on the other hand describes the ways in which a given population 

grows and shrinks over time, It covers aspect of birth, growth, and mortality (Mayank et 

al., 2017).  

FDF (2008) estimated the fish production from small water bodies in Africa as two 

million tonnes annually and argued that it could be considerably more if production 

enhancement fishing systems were applied, an approach to which small water bodies are 

particularly well suited. 

1.2 Statement of the Research Problem 

Fishing activities have direct influences on fish communities. Urbanization is responsible 

for increase in fish demand, which entails an increased pressure on the already 

overexploited stocks, especially in tropical reservoir fisheries (World Bank, 1992). The 

world per capita fish consumption is reported to have increased from an average of 9.9 kg 

in the 1960s to 19.2 kg in 2012 (Wehye et al., 2017). Driving fisheries resources to 

extinction (Abeer et al., 2017). It is therefore imperative that fishery resources should be 

properly managed to sustain its benefit to the future generations (Indira & Pugazhendy, 

2016).  
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1.3 Justification 

Overall aim of fisheries management study is to give decision-makers insight of what is 

happening in a water body and to give advice on the optimum exploitation of aquatic 

living resources especially freshwater commercial fishes. This can only be achieved 

through considerable knowledge of species diversity and population parameters (Abeer et 

al., 2017). The species diversity, asymptotic length (L∞), growth coefficient (K), 

instantaneous rates of natural (M), fishing (F) and total mortality (Z), recruitment, stock 

assessment, condition factor and length-weight relationship are the parameters of interest 

for this research. Understanding these parameters is essential to meet one of the main 

objectives of fishery management studies that of maximizing yield to fisheries, while 

safeguarding the long-term viability of populations and ecosystem (Jennings et al., 2000). 

These parameters also provide tools for scientific interpretation of population dynamics 

as well as formulation of conservation policies (Sajan et al., 2015), and management 

strategies. 

1.4 Aim   

The aim of this work is to study fish species diversity and population dynamics in Jakara 

Reservoir, Kano state, Nigeria. 

1.5 Objectives of the Study 

The objectives of the study were to: 

1) Identify different fish species in Jakara Reservoir. 

2) Measure length and weight of the identified species. 

3) Analyse population rate function 

4) Assess fish stock in the Reservoir.  
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1.6 Research Hypothesis 

Ho1: Jakara Reservoir is not diverse in terms of fish species.  

Ho2: There are no significant differences in weight and length of the fish species.  

Ho3: There are no changes in the population rate functions in the Reservoir.  

HO4: Fish stocks in the Reservoir are not overexploited. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Introduction  

Freshwater resources are very precious for life on earth. The number of reservoirs has 

significantly increased in last few years. The aquatic ecosystem is important and it has 

large number of economically important animals especially fish which is an important 

source of food. The development of fisheries in these fresh water resources needs to be 

increased through the scientific development (Ravindra et al., 2014).  

Reservoirs are created usually for purposes such as to generate electricity, irrigation or 

domestic usage. It forms one of the most important sources of large number of living 

aquatic animals, which are economically important for nature as well as for human beings 

as food (Ravindra et al., 2014). The Fish yield from  Reservoirs may constitute a 

substantial contribution to a country’s total domestic fish production (Dan-kishiya et al., 

2012) but, the effectiveness of their contributions depends largely on adequate fish 

assemblages and proper management of the Reservoir fisheries (Mustapha, 2008). 

Nigeria has over 12.5 million hectares of water reservoirs, lakes, ponds and rivers capable 

of providing over 980,000 million metric tons of fish annually (Ita, 1985). This makes the 

country to offer the largest market for fisheries products in Africa (Adedeji & Okocha, 

2011). Over 80% of reservoirs that are in existence are located in the northern region 

which produced up to 410, 000 metric tons of fish annually (Imam et al., 2010). Despite 

all this, statistical surveys shows that the demand for fish in the country exceeds supply, 
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and also, the domestic production is still very low, considering the increasing human 

population (Ibrahim et al., 2009), pollution and poor management policies and strategies. 

2.2 Fish Species Diversity 

Biodiversity is the term used to describe the total variety of living organisms (plants, 

animals, fungi and microbes) that exist on our planet. It is the totality of genes, species 

and ecosystems in a region (Oribhabor, 2016). In another term, Biodiversity is the 

variation in the genetics and life forms of populations, species, communities and 

ecosystems (Hiddink, et al., 2006). Species diversity encompasses variety of species 

within a geographical area (Abiodun & John, 2017). Biological diversity is a broader 

term that can incorporate functional group diversity, number of trophic levels or relative 

species abundance. The diversity indices of Simpson and Shannon incorporate species 

abundances in addition to species richness and are intended to reflect the likelihood that 

two individuals taken at random are of the same species. However, they tend to de-

emphasize uncommon species (Brown et al., 2007). These indices are given formulas as 

Shannon-Wiener diversity index (Hꞌ): 

 Hꞌ= -∑ [(ni/N) × ln(ni/N)] (Shannon and Wiener, 1949) 

Where, Hꞌ = Shannon-Wiener index, ni = Number of individuals of each specie and N = 

Total number of individuals for the site or month. 

Simpson’s Index (D):  

D = ∑ni (ni-1)/N (N-1) Simpson (1949) 

This leads to calculation of Simpson’s index of diversity (heterogeneity index) = (1-D) 

Lande (1996). 
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Where, D = Simpson’s Index, ni = Number of individuals of each specie and N = Total 

number of individuals for the site or month. 

Fishes can be found in nearly all aquatic environments. Fish exhibit greater species 

diversity than any other group of vertebrates, with over 32,000 different species 

worldwide, they exhibit enormous diversity in their morphology, in the habitats they 

occupy, and in their biology. Unlike the other commonly recognized vertebrates, fish are 

heterogeneous assemblage (Forese & Pauly, 1998) that occupied an extra-ordinary array 

of habitats. They can be found in seasonal streams, rivers, reservoirs, tiny desert springs, 

and the vast reaches of open oceans, deep oceanic trenches, cold mountain streams, saline 

coastal embayment, or nearly endless list of aquatic environments (Moyle & Cech, 1996). 

A high genetic diversity within a fish population may protect it against environmental 

stressors (e. g., climate change, pollutants) and the spread of diseases (Hiddink et al., 

2006). 

Nigerian freshwaters occupies about 3.4% of the total area, harboring an estimated value 

of about 230 fish species, indicating the potential and fish diversity in the rivers, lakes 

and reservoirs in the Country (Ita, 1993). The most important fishes in terms of species 

diversity are the teleosts (Young 1962; Parker & Haswell, 1964).  

The overall contribution of the freshwater species to the total domestic fish production in 

Nigeria was estimated at 248,000 metric tons representing about 47.8% of the total fish 

catches mainly by artisanal fishermen all over the rivers, lakes and reservoirs (Ita, 1993).  

Investigations into the biodiversity of fish species of Nigerian inland water bodies have 

been carried out by various scientists. These include the works of Banks et al. (1966), 
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Reed et al. (1967), Awachie (1976), Ita et al. (1982), Welman (1984), Akinyemi et al. 

(1985), Ita and Pandogari (1987), Chidi (1993), Balogun (2005) and Ibrahim et al. 

(2009).  

Recently, Abiodun and John (2017) Studied on fish and fisheries of the Lower Niger 

River at Idah in Kogi State, were forty-two (42) species of fish belonging to 18 families 

were recorded with Hyperopterus bebe (10.61%) dominating the catches. Also, in terms 

of species diversity, the family Mormyridae had the highest (18.29%) with seven species 

including Hyperopterus bebe. The diversity, length-weight relationship and condition 

factor of fish species of Thomas Reservoir, Dambatta, Kano State, by Nafiu et al. (2017) 

revealed a total of 313 fishes comprising of 7 families and 11 species. Family cichlidae 

was predominant (36.7%) represented by T. zillii (21.7%) and O. niloticus (15.0%). 

Family Claridae was the second highest in abundance with 24.7% represented by C. 

garipienus (8.9%), C. anguillaris (8.9%) and Heterobranchus sp. (6.7%) while 

Protopteridae represented by Protopterus sp. was the least with 2.8%.  Olopade and Rufai 

(2014) determined status of the family Cichlidae in Oyan Dam, Nigeria, during the wet 

and dry seasons of 2011; species recorded include Sarotherodon galilaeus (42.60%), O. 

niloticus (17.92%), T. zillii (25.41%), H. fasciatus (10.61%) and T. mariae (3.48%). The 

diversity indexes showed that the diversity of Cichlids was lower in the two sampling 

sites observed in Oyan Dam. Arome and Ugondo (2014) investigated the fish species 

diversity and abundance of Gubi dam in Bauchi State, Nigeria, were they recorded low 

species richness in the Dam with a total of 18 species of fish belonging to six families. 

The most abundant family was Cichlidae (61.51%) with the species S. galilaeus being the 

most abundant (34.88%) while the family Mochokidae was least abundant (1.45%) and is 
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represented by only one species. Dan-kishiya et al. (2013) Studied on Ichthyofauna 

composition and diversity of Lower Usuma Reservoir from July 2009 to April 2011 were 

a total of 2698 fishes belonging to 11 species and 5 families were encountered. The fish 

families Cichlidae (78.84%), Cyprinidae (16.31%), Clariidae (3.93%), Bagridae (0.78%) 

and Mormyridae (0.15%) constituted the fishery resources.   

2.2.1 Species Richness 

The ability to measure biodiversity is critically important, given the soaring rates of 

species extinction and human alteration of natural habitats. Perhaps the simplest and most 

frequently used measure of biological diversity is species richness, the number of species 

per unit area. A vast amount of ecological research has been undertaken using species 

richness as a measure to understand what affects, and what is affected by, biodiversity. At 

the small scale, species richness is generally used as a measure of diversity within a 

single ecological community, habitat or micro- habitat, although the definition of small 

depends on the species in question (Brown et al., 2007). 

Species richness measures are typically separated into measures of α, β and γ diversity 

(Whittaker, 1972). α diversity (also referred to as local or site diversity) is nearly 

synonymous with small-scale species richness; it is measured at the local scale and 

consists of a count of species within a relatively homogeneous area. From a practical 

standpoint, the determination of what is local and homogeneous depends on the size of 

the organisms being studied, and could range from a 1m
2
 to 1000m

2
 sample site. β 

diversity is the change in species composition from one site to the next along a gradient, 

also referred to as species turnover. Unlike α diversity, which provides information about 

diversity at a local site, β diversity provides information about how diversity changes 
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along environmental gradients. Finally, γ diversity is a measure of the diversity across 

habitats or community types within a landscape or region. While α diversity usually 

refers to a homogeneous area, γ diversity includes the various habitats, conditions and 

communities. Because γ diversity is defined as the product of α and β diversity, it takes 

into account both the local richness (α diversity) of sites within the region as well as the 

rate of change in richness between those sites (β diversity), to give a measure of richness 

that reflects diversity across the communities and conditions within the geographic region 

(Brown et al., 2007). 

2.2.2 Relative Species Abundance 

Relative abundance refers to how common or rare a species is, relative to other species in 

a given location or community (Hubell, 2001; McGill et al., 2007). It is a fundamental 

description of an ecological community (Gaston & Spicer, 1998). Although estimating 

the species relative abundance is basic, yet it represents informative data for ecologists 

and conservation biologists (Gatson 2003). Ecologists use data of species relative 

abundance to infer information about the mode of interaction and type of relationship 

among different species in a given community (Ferrier & Guisan, 2006). Moreover, 

species relative abundances data is used to perform population viability analysis 

(Possingham, et al., 2001), and estimate ecological disturbance (Regan, et al., 2003). In 

conservation biology and management, information on relative abundances is of great 

importance, such as to study the impact of habitat disturbances, like fragmentation. It is 

well known that disturbed and fragmented habitats are usually dominated by a very few 

species compared to the undisturbed sites (Guisan, et al., 1999) 
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Relative species abundance and species richness describe key elements of biodiversity 

(Hubell, 2001). The relative abundance is calculated as the number of organisms of a 

particular kind as a percentage of the total number of organisms of a given area or 

community; the number of fish of a particular species as a percentage of the total fish 

population of a given area (Krohne, 2001). 

Relative species abundance %:  

 (n/N) X 100  

Where, n = Number of species from each catch and N = Total number of species from the 

total catch. 

2.2.2 Factors Affecting Fish Diversity 

The diversity of fishes mainly depends upon the biotic and abiotic factors and types of 

ecosystem (Nanda & Tiwari, 2001). Organisms within a community are affected by 

trophic diversity, the abundance of some organisms that are specialized to feed at certain 

trophic levels and on specific organisms are affected when there are changes in the 

availability of their specific food (Ogutu-ohwayo, 2005). The work of Omowumi (2013) 

identify the ecological implication of the stock diversity and abundance in Lake Asejire, 

Osun state Nigeria. Age of water body, mean depth, water level fluctuation and 

morphometric features have great ecological implications. 

The biodiversity of the Nigerian aquatic ecosystems is increasingly being destroyed or 

depleted by persistent threat of aquatic pollution resulting from intense human activities 

such as indiscriminate use of fertilizers and pesticides in agriculture; industrialization; 

urbanization; pressure due to rapid population growth; malutilization and 
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mismanagement of natural aquatic resources; dam, road and bridge construction; 

irrigation; draining and filling of wetlands (Oribhabor, 2016). Fish diversity is declining 

rapidly each day due to unending anthropogenic stress (Ravindra et al., 2014), changes 

occur in fish diversity in the course of development of a lake after impoundment of rivers 

as a result of changes in the physical environment which affect water quality and 

consequently the type and population of food organisms that evolve (Omowumi, 2013). 

Exploitation, that is fishing, is a major tool responsible for alterations in the diversities of 

resources in a community (Omowumi, 2013). 

Economic activities in fisheries sector have been unregulated and therefore haphazard 

with adverse consequences on the ichthyofauna especially the biological important 

endemic species. Though most Nigerian states have fisheries decree, but, these laws and 

regulations are not effectively enforced (Obasohan & Oronsaye, 2006). 

Drought and predation are two outstanding natural problems. Bukar and Gubio (1985) 

reported ichthyofauna biodiversity changes, resulting from drought in Lake Chad, Nigeria 

and noted that the reduction in Lake water level resulted in increased temperatures, 

nutrients, carbon dioxide, hydrogen sulphide, pH, competition, death and decomposition. 

Some of the lake fish’s species were succeeded by Clarias gariepinus. Predation was a 

serious biodiversity problem as the food web involved various taxa. Olatunde (1977) 

reported that the populations of Eutropius niloticus and Schilbe mystus, two important 

fish species in Lake Kainji, were preyed upon by the Nile perch (Lates nilotcus). 
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2.2.3 Jakara Reservoir Fish Diversity 

Jakara Reservoir is one of the important Reservoirs in Kano State for fish production and 

employment generation. Unfortunately, the Dam is polluted due to discharge of pollutant 

from Domestic sources, city, abattoir, Bompai indusrial area, and other industrial effluent 

(Volume, 2010), this have great consequences on its fish diversity.  According to the 

fishermen, apart from the identified species, Carp and some other species exist before, 

but due to poor management, excessive exploitation and lack of government intervention, 

they no longer exist. Studies on Jakara Dam fish species were documented by different 

authors; Length-weight relationship and condition factor of four fish species i.e. T.zilli, 

O.niloticus, H.bimaculatus and C.gariepinus from January to December, 2009 by Imam 

et al. (2010) and Aspect of physicochemical conditions and the fish biology by Inuwa 

(2007) among others. 

2.3 Population Dynamics 

A population is a group of organisms of the same species that are alive in a defined area 

at a given time (Wotton, 1998). Population dynamics is the changes in the number of 

individuals in a population or the vital rates of a population over time (Indira & 

Pugazhendy, 2016). Population dynamics are the processes responsible for changes in 

abundance or biomass of a population through time and are a subset of possible 

population parameters. Recruitment, growth, and mortality rates are the primary 

population dynamics (often termed rate functions) influencing the harvestable segment of 

a fish population (Brown & Guy, 2007). 

Estimates of population dynamics can provide greater insight into fish populations than 

can indices, which are a static portrayal of the population. Estimates of population 
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dynamics can indicate how a population arrived at its current state and how it might 

change in the future (Renjithkumar, 2014).  A population assessment might focus on 

determining whether the size of a population is relatively constant, increasing, or 

decreasing, for which one would need population abundance data and age data to 

calculate birth and death rates (Renjithkumar, 2014). The major role of the population 

dynamic study in regulating populations of fish is essential to a general understanding of 

the ecology including population grows and shrinks over time, as controlled by birth, 

death, emigration or immigration and to determine sustainable yields (Indira & 

Pugazhendy, 2016).  

Stock assessment of tropical fish resources has gained momentum in the last one and a 

half decade mainly through the works of Pauly (1984). The introduction of special 

software for fish stock assessment in particular those based on length frequency data such 

as LFSA (Sparre & Venema, 1989), COMPLEAT ELEFAN (Gayanilo et al., 1996) and 

FISAT (Gayanilo et al., 1996) has also contributed to the rapid development of stock 

assessment studies on tropical fish stocks (Indira & Pugazhendy, 2016).  

Studies on fish population dynamics include that of Wehye and Amponsah (2017) who 

evaluated some population parameters of Galeoides decadactylus within Liberia’s coastal 

waters and found Von Bertalanffy at asymptotic length (L∞) = 54.08 cm, growth rate (K) 

= 0.19/year, the longevity (Tmax) = 15.8 years, theoretical age at birth (t0) = −0.75 years 

and growth performance index (Φ′) = 2.745. Mortality parameters were calculated as total 

mortality rate (Z) = 0.91/year, natural mortality rate (M) = 0.49/year and fishing mortality 

rate (F) = 0.42/year. The exploitation rate (E) and maximum exploitation rate (Emax) 

were 0.46 and 0.45 respectively. Mayank et al. (2017) determined the population 
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structure of C. mrigala from the Yamuna River at Allahabad and recorded the asymptotic 

length (L∞) at 99.8cm and growth coefficient (K) at 1.34/year. The total mortality (Z), 

fishing mortality (F) and natural mortality (M) were estimated as 4.01/year, 0.786/year 

and 3.226/year, respectively. Exploitation rate (E) and exploitation ratio (U) were found 

0.8044/year and 0.7898/year respectively . Bawole et al., (2017) studied the relationship 

between the rate of exploitation of Plectropomus maculatus and P. oligocanthus and their 

biological attributes (growth and mortality) from Cenderawasih Bay National Park 

(CBNP), the results showed that Plectropomus maculatus and P. oligocanthus were in the 

size category of actively productive spawning phase. P. maculatus reached a maximum 

length (L∞) of 48.4cm and growth rate (K) of 0.34/year. P. oligocanthus was capable of 

reaching L∞ of 48.2cm and K of 0.66/year. Estimation of total mortality (Z) for P. 

maculatus was 0.988/year and P Oligocanthus was 2.056/year, fishing mortality (F) for 

P. maculatus and P. oligocanthus were 0.564/year and 0.399/year respectively. The 

exploitation rate (E) of P. maculatus was 0.570, and P. oligocanthus was 0.681. Feu 

(2004) estimated the length-weight relationship, age at length zero (to), growth 

coefficient (K), asymptotic length (L∞) and rates of natural (M) and total mortality (Z) of 

the six main commercial species of Lake Kainji, Nigeria, For four of the commercial 

species, the estimate of K was around 0.5/year, whilst L∞ was approximately 50 cm. 

Lates niloticus had the lowest value of K (0.25 year/) and the largest L∞ (159 cm). 

Oreochromis niloticus had a K=0.25/year and L∞ =53 cm. Natural mortality was the 

lowest for L. niloticus 

(M=0.49/year) and fishing mortality was highest for Chrysichthys niloticus (F=4.3/ year). 

Gabr and Mal (2017) evaluated the current stock status of the lizardfish Saurida tumbil in 
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Jizan fisheries, growth parameters, mortality coefficients and size at first capture were 

determined, were the result shows that the stock of Saurida tumbil in Jizan fisheries is 

currently overexploited. Indira and Pugazhendy, (2016) investigated the population 

dynamics of jewel Cichlid Hemichromis bimaculatus of Crystal Aquarium, Chennai from 

November, 2010 to May, 2012. Were they found that Males were significantly longer 

than females at the later stage of maturity, but during the initial stage of maturity, females 

were larger than males. Mortality was less and more observed in males. Niamaimandi et 

al. (2015) analyzed the population dynamics parameters of Scomberomorus commerson 

in Bushehr area waters of Iran between October 2011 and September 2012 were the result 

indicated an overfishing of Scomberomorus commerson, especially smaller species.  The 

age and growth determination and population dynamics of flathead grey mullet, Mugil 

cephalus collected from Parangipettai waters during January 2004 – December 2005 

were studied by Murugan et al. (2014) who recorded excessive fishing pressure on male 

species. Udoh et al. (2013) studies the population dynamics of Periophthalmus barbarus 

in the Imo River Estuary, southeast Nigeria, the results indicated that the fishery is highly 

exploited with current exploitation ratio, Ecur = 0.79 > Emax = 0.644 > Eopt = 0.5 which 

suggests stock over-exploitation. An investigative study was carried-out on management 

indicators and growth performance index of T. zillii in a tropical coastal estuary for 

twenty-four consecutive months using length-weight data by Abdul et al. (2012) with 

largest value obtained in December and smallest in April, length class of 24-25 cm was 

mostly exploited, constituting 9.92% while 36-37cm length class was the least (0.05 %) 

on the exploitation data. The population dynamics of Hilsa was investigated using FiSAT 

II software of FAO at West Bengal between June 2010 and March 2011 by Dutta et al. 
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(2012) were the average size group of Hilsa population was observed to be comparatively 

smaller than that found in the neighboring   country. Dadzie et al. (2005) evaluated the 

growth characteristics of Liza klunzingeri (Day, 1888) in Kuwait Bay based on data 

collected from 1982 to 1999 were the fishery trap adversely affect recruitment and result 

in depression in the stocks.  Tembo (2004) estimated growth parameters (L∞ and K) and 

mortality coefficients (Z, M and F) of Engraulicypris sardella and Rhamphochromis 

species caught in southern Lake Malawi using light attraction (kauni) fishery, relatively 

high K and low L∞ values, typical of short-lived tropical fishes, were obtained, combined 

with high Z, M and F estimates, these results imply low annual survival and high 

turnover rates. 

2.3.1 Birth Rate / Recruitment 

Recruitment means reaching a certain size or reproductive stage, with fisheries, 

recruitment usually refers to the age a fish can be caught and counted in nets. It is the 

process in which young fish enter the exploited fishing area and become liable to contact 

with the fishing gear (Gulland, 1969). It can come about through actual movement of 

young fish that are becoming older moving from the nursery ground into the main fishing 

area. Recruitment can also occur due to a change in habit; for instance where the old and 

young fish occur together in the same area;  the very young, being pelagic, and recruiting 

to the exploited phase when they take up a demersal habitat during a period of their first 

year ( Amiye & Francis, 2004). 

The mean age of a fish at recruitment generally depends on the type and mesh size of the 

gear employed in fishing. The combined effect of recruitment and gear selection 
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produces the pattern of fish entry into the catch, that is, the recruitment pattern ( Amiye & 

Francis, 2004). 

Amiye and Franci, (2004) determined the recruitment of Chrysichthys nigrodigitatus, 

Ethrnalosa fimbria, Eucinostomus rnelanopterus, Galeodes decadactylus, Pomadasys 

jubelini, Sarotherodon melanotheron, Liza grandisquamis, Tilapia guinensis and 

Pseudotolithus elongates of Andoni River System, Niger Delta, Nigeria. The peak 

recruitment period for 54.55% of the species was between June and October while 

21.27% had two peak recruitment periods including March May and May October.  

2.3.2 Growth Rate 

This measures the growth of individuals in length and weight. Growth is an important 

factor of biological production, which affects the overall production. Negative changes in 

growth rates may result in increased risk of predation and mortality (Fafioye & Oluajo, 

2005). Growth rate is important in fisheries where the population is often measured in 

terms of biomass (Gupta et al., 2015). It is intricately linked with mortality and 

recruitment rates. Growth rate influences survival and age at sexual maturity. Growth of 

fish is commonly indexed with various coefficients of the von Bertalanffy growth model 

which is widely used to describe the lifetime pattern of somatic growth of organisms, 

such as fish, with indeterminate growth (Ricker, 1975). Other growth models (e.g., 

Gompertz 1825; Richards, 1959) may be more appropriate than the von Bertalanffy 

model for some situations. In addition, specific growth rate (the change of the logarithm 

of weight or length per unit time), relative growth rate (the relative change of the weight 

or length per unit time), and length at age (e.g., mean length at age 3), either measured at 
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time of capture or back-calculated from hard structures such as otoliths, are also used to 

index growth. 

Growth of fish is subject to natural environmental changes particularly climate. However, 

some problems are caused by human activities including fishing where more fish are 

taken than are replaced by birth and subsequent new fish recruitment and growth (Imam 

et al., 2010). 

Fish can attain either isometric growth, negative allometric growth or positive allometric 

growth. Isometric growth means all the body parts grow at approximately the same rate. 

Negative allometric growth implies the fish becomes more slender as it increase in 

weight while positive allometric growth implies the fish becomes relatively stouter or 

deeper- bodied as it increases in length (Nehemia et al., 2012). 

2.3.3 Length Weight Relationship 

The length-weight relationship of a fish is basically a measure of its growth pattern and 

or age. Relationship of fishes are important in fisheries biology because they allow the 

estimation of the average weight of fish of a given length group by establishing a 

mathematical relation between the two (Abeer et al., 2017). When b value is less or 

greater than 3, growth in the fish is allometric (Ikusemiju & Olaniyan, 1997); if the b-

value is less than 3, the fish has a negative allometric growth but when it is greater than 3, 

it has a positive allometric growth and when it is equal to 3, the fish has isometric growth 

(Khairenizam & Norma-Rashid, 2002). Oniye et al. (2006) reported that the length-

weight relationship of Protopterus annectens in Jachi Dam, Katsina State, showed 

positive correlation (r=0.85) in both 20 sexes, indicating an increase in weight as length 
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increased. The regression exponent (b˃3) for both sexes showed allometric growth. 

Thomas et al. (2003) stated that the isometric value of b=3 was for an ideal fish that 

maintained a three dimensional equality. Fafioye and Oluajo, (2005) reported a mean b 

value of 3.0072 for Clarias gariepinus,  Chrysichthys nigrodigitatus, Chrysichthys 

walkeri and Ethmalosa fimbriata in Epe Lagoon, Lagos; this showed a nearly isometric 

relationship with 60% of the variation in body weight being accounted for by changes in 

length of the fish. Ogbe et al. (2006) reported a b value of 3.92 for Bagrus bayad from 

the lower Benue River which showed that the fish weight increased allometrically.  

The relationship between body length and weight of fish presents great importance in 

fisheries biology and population dynamics where many stock assessment models require 

the use of length-weight parameters (Garcia, 1998). The analysis of length-weight data is 

aimed at describing mathematically the relationship between length and weight to enable 

conversion of one to another and measures the variation from the expected weight for 

length of individual fish (Dan-kishiya, 2013). It also helps to evaluate the condition, 

reproduction history, life cycle and the general health of the fish species (Pauly, 1993), in 

addition to growth pattern or age determination and fishery assessment (Balogun & Auta, 

2001).  

Study on length-weight relationship and condition factor of four fish species i.e. T. zillii, 

O.niloticus, H. bimaculatus and C. gariepinus from Wasai reservoir in Kano was 

conducted seasonally from January to December, 2009 by Imam et al. (2010) in which all 

of the species b values analysed do not reach 3 indicating negative allometric growth. 

Dan-kishiya, (2013) determined length-weight relationship and condition factor of T. 

zilli, T. mariae, O. niloticus, Barbus occidentalis and Barilius loati from Lower Usuma 
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Reservoir in Abuja from July 2009 to June 2010. The results obtained showed that the 

growth pattern of the fishes was negatively allometric with b values range of between 1.4 

and 2.3. The condition factor (K) range of between 1.06 and 2.02 was an indication that 

the fishes were thriving very well in the Reservoir.  

2.3.4 Mortality Rate 

The estimation of mortality rates is a basic requirement in fish stock assessment studies. 

The rate at which the numbers of a population is decreasing is the mortality. A population 

assessment might include an estimate of total annual mortality (i.e., the proportion of the 

population that dies in one year). Total annual mortality is related to total instantaneous 

mortality. Total instantaneous mortality can be estimated using a catch curve. The slope 

of the regression of loge (frequency) over age-groups equals the negative instantaneous 

mortality rate (Ricker 1975; Miranda & Bettoli, 2007). Fisheries managers frequently 

partition total annual mortality of sport or commercial species into two components: 

Natural mortality, attributable to natural processes (e.g., old age, predation, competition, 

starvation, or disease) or those altered by human activities (e.g., habitat degradation or 

loss or population isolation) (Renjithkumar, 2014). 

Fishing mortality attributable to harvest or handling by recreational or commercial fishers 

(Renjithkumar, 2014). Exploitation is the portion of the fishing mortality attributed to 

fishers who harvest what they catch. Exploitation is often considered synonymous with 

fishing mortality because estimation of other forms of fishing mortality, such as by catch 

or post release mortality is difficult. Exploitation can be calculated from an estimate of 

absolute abundance and a harvest estimate based on creel surveys (Malvestuto, 1996).  
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Fishing continuously on large sizes of fish or spawning fish stock could reduce the 

genetic characteristics and could change fish shape and behavior (Bawole et al., 2017). 

The genetic diversity of the population would be likely affected thereby reducing its 

resilience in confronting with environmental change and variability (Vrijenhoek, 1998). 

Hurtado et al., (2005) and Nelson (2007) noted that a population experiencing high 

exploitation is characterized by a change in the fish size composition, which is dominated 

by smaller sizes. This would significantly affect reproductive outcome since small fish 

size has less production potential than the large fish size (Bawole et al., 2017).  Large-

scale of exploitation could cause structural changes in the fish. Sanchez (2000) suggests 

that in overfishing state of fish stock, the fish population is dominated by small sizes or 

young fish since fishermen tend to catch large size of fish. 

Thus we have Z = F + M, where Z is the instantaneous rate of total mortality or the 

mortality coefficient or simply the total mortality rate, F is the fishing mortality 

coefficient and M is the natural mortality coefficient. An essential characteristic of a 

stock is that its population parameters remain constant throughout its area of distribution. 

The easiest way to describe the change in a fish stock is often to follow the fate of a 

cohort (Sparre & Venema, 1989). This means that all fish of a cohort are assumed to have 

the same age at a given time so that they all attain the recruitment age, tr at the same 

time. Due to mortality there is a continuous decrease in the number of survivors. In the 

context of mortality rates the number of survivors from a cohort is estimated as a function 

of time (Indira & Pugazhendy, 2016). 
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 2.3.5 Factors Affecting Population Dynamics 

There are a number of factors which influence population change categorized into natural 

(such as climate change) and anthropogenic activities (Chimatiro, 2004). Natural 

disturbances, such as floods, droughts, fires, altered environmental conditions that are a 

consequence of climate change. A change in hydrographic conditions caused by global 

warming, together with a possible weakening of the thermohaline circulation (THC), will 

affect recruitment success (FAO, 1997).  

Beside natural factors are anthropogenic changes, such as new fishing technologies; the 

fishing strategies applied by the fishermen have a considerable influence on the 

development of the commercially exploited fish species. The choice of an appropriate 

fishing strategy by individual fishermen ultimately determines the success of large-scale 

management strategies (FAO, 1999); regulation changes, or nonnative fish introductions 

(Renjithkumar, 2014). 

Annual recruitment is typically the most variable factor affecting the dynamics of fish 

populations but can provide substantial insight into why fish populations may vary in size 

and structure (Gulland, 1982; Allen & Pine, 2000; Maceina & Pereira, 2007). 
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CHAPTER THREE 

3.0 MATERIAL AND METHODS 

3.1 Study Area 

Jakara Reservoir was impounded in 1976 under Audu Bako administration; it lies 

between latitude 12
0
13ꞌ to 12

0
10ꞌ N and longitude 8

0
31ꞌ to 8

0
45ꞌ E in Wasai, a village in 

Minjibir Local government area of Kano state, about 41km from the state capital 

(Badamasi, 2014),  it spread to 2 other local governments of the state; Gezawa and 

Ungoggo. The population around the Reservoir is dispersed with few hamlets. The 

Reservoir was constructed for irrigation, recreation and wildlife conservation. It was 

designed to contain 54.34 million cubic meters of water with surface area of 1,659ha with 

altitude of 400-700M above sea level (WRECA, 1974). The maximum depth of the Dam 

was 14.3 metres (Ministry of Water Resources Kano State). The area in terms of geology 

falls within the tip end of the Basement complex adjoining the Chad formation, which is 

characterized by disappearing type of streams, the water body contain muddy substrata 

and gentle flowing, low turbidity water with rich growth of algae and macrophytes (Rabi, 

2018). Heavy clay soils with high organic matter content dominate the bottom while 

lighter textured soils are found in the higher positions. The climate of the study area is 

tropical with two well-defined seasons; the dry season (November to April) and the rainy 

season (May to October). The heaviest rainfall occurs in July, August, and September. 

The Reservoir was named after Jakara River; a river that occupy a central position in 

Kano State, Northern part of Nigeria (Ekevwe & Bartholomew, 2015), it is characterized 

by a gentle flow and flows several kilometers passing through Kurmi market and Fagge 

quarters from where it meanders its way to the outskirts of the city before finally 
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streaming out into Jakara  Reservoir (Ibrahim & Said, 2010). Industrial wastes from 

Bompai industrial area are discharged into it. Other tributaries of the Reservoir were 

River Getsi, River Gwagwarwa, River Rafin Malam, and River Cijaki, among others 

(Ekevwe & Bartholomew, 2015). The reservoir have spill way gate at Sankarawa in 

Gezawa local government area that allow flow of water to other channels.  

3.2 Sampling Sites 

Three sampling stations were established to be representative of various habitats existing 

within the Reservoir. The landing sites were selected based on different local 

governments and activities taking place in them.  

Site A: Yadakunya/Bela bakin ruwa is located at Ungogggo local government area of the 

state. This site is located on latitude 12°08ꞌ 49.29  N and longitude 8 41  19.40  E, the inlets 

with mean depth of 1.2m. Fishing and farming were the major activities in this area. 

Site B: Wasai is located in Minjibir local government area. This is located on latitude 

12 08  27.97 N and longitude 8 41  11.98 E, the outlets with mean depth of 2.3m. Alot of 

human activities were taking place due to the recreational center (Minjibir Golf Course) 

at the point. 

Site C: Sankarawa/Dinga, Gezawa local government area. This site is located on latitude 

12 08  35.86 N and longitude 8 4  15.84 E, the midpoint of the Reservoir with mean depth 

of 7.4m. Fishing is the only activity in this locality. 
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Figure: 1 Map of Jakara Reservoir showing sampling stations 
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3.3 Data Collection and Preservation 

Monthly fish samples were collected from artisanal fishermen, for a period of six months 

(February- July, 2018). According to Pauly (1987) analysis of the structure of fish 

population requires at least 6 months data. Gears used by fisher men in this research 

were; seine net (mount at night and haul the following morning) and gill net (operated by 

many fishermen) with 20-40mm mesh size each, mostly used by adult fishermen, then, 

clap net of about 50cm in size and 10-20mm mesh size and some local traps (mali) used 

by children and aged fishermen. Sampling sites were visited monthly and on each visit, 

six fishermen who used the fishing gears mentioned above were randomly selected from 

different sampling sites and fish from their catch were sorted according to different sizes, 

counted and sub samples taken. The fish specimens were surrounded with iced block in a 

container and transported to the laboratory of Chemistry Department, Yusuf Maitama 

Sule University, Kano. The total length of each fish subsample (distance from the tip of 

the snout to the distal end of the caudal fin or tail fin) and the standard length (the 

distance from the tip of the snout to the end of the caudal peduncle) were measured using 

a meter rule to the nearest centimeter. Other morphometric structures were also 

measured. Weight of each fish subsample was measured to the nearest gram using 

Pioneer PA213C electric weighing balance of the department.  

3.4 Fish Identification 

Fish samples were identified to the species level using fish identification keys by Reed et 

al, (1967), where biometric features; type of the mouth, position of the mouth, barbell 

counts and position, dorsal and anal fin rays count, body shape, size, colour and shape of 

the caudal fin were examined.  
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3.5 Fish Species Diversity 

Fish fauna diversity was analyzed using the following set of indices: 

Relative species abundance %:  

 (n/N) X 100   

Where, n = Number of species from each catch and N = Total number of species from the 

total catch. 

Shannon-Wiener diversity index (Hꞌ): 

 Hꞌ= -∑ [(ni/N) × ln(ni/N)] (Shannon & Wiener, 1949). 

Where, Hꞌ = Shannon-Wiener index, ni = Number of individuals of each specie and N = 

Total number of individuals for the site or month. 

Shannon-Wiener index ranges from 1.5 to 3.5 for good species diversity Magurran 

(2004). 

Simpson’s Index (D):  

D = ∑ni (ni-1)/N (N-1) Simpson (1949) 

This leads to calculation of Simpson’s index of diversity (heterogeneity index) = (1-D) 

Lande (1996). 

Where, D = Simpson’s Index, ni = Number of individuals of each specie and N = Total 

number of individuals for the site or month. 

Simpson’s indexes of diversity ranges from 0-1, with 1 representing species are evenly 

distributed.  
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3.6 Growth Parameters 

The growth of the fish follows the von Bertalanffy’s growth function (VBGF) assumption 

that used asymptotic length (L∞) and growth coefficient (K). These parameters were 

fitted in FISAT II (Gayanilo et al., 1996) for estimation.  

Growth index   = log10k + 2 log10 (L∞) Pauly and Munro (1984). Where L∞ is the 

asymptotic length and K is growth curvature. 

3.7 Mortality Rate 

The total instantaneous mortality rate (Z) was estimated using length converted catch 

curve method in FiSAT II. Natural mortality rate (M) was estimated using Pauly’s 

empirical relationship, Log M=‐ 0.0066 ‐ 0.279 1og L∞ + 0.6543 log K + 0.4634 log T 

Pauly D (1980). Fishing mortality (F) was calculated using the relationship: F = Z–M 

Gulland (1971). 

The exploitation level (E) was determined using the relationship: E = F/Z Gulland (1971). 

3.8 Temperature 

Temperature of this research was measured in-situ using mercury in glass thermometer of 

Yusuf Maitama Sule University Kano.  

3.9 Recruitment 

The recruitment pattern of the stock was determined by backward projection on the 

length axis of the set of available length-frequency data as described in FISAT (Pauly & 

Caddy, 1985). 
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3.10 Relative yield per Recruit and Relative Biomass per Recruit 

The relative yield-per-recruit model used was based on the Beverton and Holt (1966) 

model, modified by Pauly and Soriano (1986). The options assuming knife-edge selection 

was utilized, using probabilities of capture. Lc/L∞ and M/K ratios were used as inputs. 

Relative yield-per-recruit (Y’/R) was computed from: 

Y/R’ = EUM/K {1 - 3U - 3U2 - U3 (1 + m) (1 + 2m) (1 + 3m)} where: U = 1-(Lc /L∞); 

m = (1-E)/(M/K) = (K/Z); E = F/Z  

Relative biomass-per-recruit (B’/R) was estimated from the relationship: B’/R = 

(Y’/R)/F, while EMax, E0.1 and E0.5 were estimated by using the first derivative of this 

function. 

Emax is the exploitation rate at Maximum Sustainable Yield (MSY),  

E0.1 is the rate at Maximum Economic Yield (MEY) and  

E0.5 is the optimum exploitation rate. 

3.11 Length Weight Relationship and Condition Factor (K) 

The length weight relationship (LWR) was estimated using linear regression (Pauly, 

1987), the techniques is incorporated in the FAO ICLARM, Stock Assessment Tool 

(FISAT) (Gayanilo & Pauly, 1997). 

The length weight relationship was obtained from the relationship W= aL
b
 (Gayanilo & 

Pauly, 1997). 

3100 /K W L   (Pauly,1983). 
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Where: 

W = Total Weight of fish (g) 

L = Total Length of fish (cm) 

a = Intercept (describe the rate of change of weight with length) 

b = Slope (weight at unit length) 

The values of (a) and (b) were given a logarithmic transformation according to the 

following formula: 

Log W = log a + blog L (Gayanilo and Pauly, 1997). 

3.12 Data Analyses 

The total length (TL, cm), standard length and other morphometric features  of each 

sample were recorded, however, only total lengths was considered, using the FAO-

ICLARM Stock Assessment Tools II (FiSAT II) (Gayanilo et al., 2002). The length data 

was grouped into 2cm size classes and have 16 length-classes, as suggested by Gayanilo 

et al. (2005), for a proper implementation of the FiSAT analysis. The one-way analysis of 

variance (ANOVA) was adopted to measure the level of differences in fish frequency 

between the three sampling stations at P > 0.05 considered significant 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

4.1 Results 

4.1.1 Biodiversity 

Fish species frequency of Jakara Reservoir was presented in table 1, O.niloticus 

dominated the dam with 60.34% composition, followed by T.zillii (16.86%), 

C.gariepinus (12.15%) and H.bimaculatus (10.11), C.anguillaris has least composition of 

0.53%.  
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Table 1: Fish Species Composition in Jakara Reservoir, Kano, Nigeria. 

Species 

 

Number (n)  % Composition 

C. gariepinus 

 

1375 12.15 

C. anguillaris 

 

60 0.53 

O. niloticus 

 

6827 60.34 

H. bimaculatus 

 

1144 10.11 

T. zillii 

 

1908 16.86 

Total (N) 

 

11314 100 
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Mean frequency of fish species in Jakara Reservoir, based on different sampling stations 

was presented in table 2.  There is no significant different with p-value >0.05 For 

C.gariepinus, C.anguillaris and H.bimaculatus in all the sampling sites. O.niloticus 

shows an extremely significant difference in both the sampling sites and T.zillii shows 

significant difference only in site C.  
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Table 2: Mean Frequency of Fish Species in Jakara Reservoir, based on different 

Sampling Sites. 

 Site A Site B Site C P-value Remark 

C.gariepinus 81.5 ± 55
a 

30.83 ± 42
a 

116.83 ± 95
a 

0.13 Not significant 

C.anguillaris 2.33 ± 4.1
a 

2.5 ± 3
a 

5.16 ± 7.1
a 

0.56 Not significant 

O.niloticus 365.67 ± 71
a 

214.5 ± 48
b 

557.67 ± 118
c 

<0.0001 Extremely significant 

H.bimaculatus 52.00 ± 28
a 

51.5 ± 19
a 

87.17 ± 48
a 

0.16 Not significant 

T.zilii 89.83 ± 39
a 

59.50 ± 22
a 

168.67 ± 62
b 

0.002 Very significant 

Mean values were obtained from monthly fish frequencies. 

The same superscript in a row shows no significant difference between the sampling 

sites. 
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Monthly variation of fish species in Jakara Reservoir shows that July has highest 

frequency for C.gariepinus (40.22%), C.anguillaris (58.33%), H.bimaculatus (26.92%) 

and T.zillii (25.68%), while for O.niloticus May was highest (21.81%), this is presented 

in table 3.  
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Table 3: Variation in Monthly Catches of Fish Species in Jakara Reservoir, Kano, 

Nigeria. 

Months  

 

C. 

gariepinus 

         % 

C. angularis 

      % 

O. niloticus 

       % 

H.bimaculatus 

% 

T. zillii 

% 

February  

 

18.33 16.67 11.45 17.57 8.07 

March  

 

12.02 0.00 15.61 7.87 10.85 

April 

 

4.53 0.00 18.81 10.49 16.14 

May 

 

2.91 0.00 21.81 10.93 18.08 

June 

 

21.89 25.00 16.21 26.22 21.17 

July 

 

40.22 58.33 16.10 26.92 25.68 
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Shannon Weinerꞌs and Simpsonꞌs indices of diversity shows slightly higher species 

diversity, in site B, then site C, site A was least in diversity. This is illustrated in Table 4.  
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Table 4: Species diversity Indices of Jakara Reservoir, from different Sampling Stations. 

Diversity index Site A Site B Site C 

Number of species (S) 5 5 5 

Number of individuals (N) 3548 2153 5613 

Simpsonꞌs index (D) 0.432 0.412 0.413 

Simpsonꞌs index of 

diversity (D-1)  

0.568 0.588 0.587 

Shannon weinerꞌs index 

(Hꞌ) 

1.092 1.129 1.126 

     

Number of individuals (N) was obtained from monthly frequencies of their respective 

sites 
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On monthly bases, the trend of the Shannon-Weiner index and Simpsonꞌs index of 

diversity for the Reservoir can be depicted as July > June > February > March > April 

>May. The maximum value of fish species diversity was recorded in July whereas the 

minimum was observed in May. This is presented in table 5. 
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Table 5: Species diversity Indices of Jakara Reservoir, based on different Sampling 

Months. 

Number of individuals (N) was obtained from sampling site frequencies of their 

respective months 

 

 

 

 

 

 

 

 

 

Diversity Indices February  March  April  May  June  July  

No. species  5 4 4 4 5 5 

No. of individuals 1399 1529 1775 1999 2127 2485 

simpsonꞌs index 0.377 0.519 0.559 0.589 0.347 0.300 

simpsonꞌs index of diversity 0.623 0.481 0.441 0.411 0.653 0.701 

Shannonꞌs weiner index 1.191 0.930 0.839 0.774 1.243 1.334 
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4.1.2 Population dynamics 

4.1.2.1 C.gariepinus 

4.1.2.1.1Growth Parameters 

The results of growth parameters of C.gariepinus from Powell-Wetheral plot and K-scan 

of Shepherdꞌs Length Composition Analysis (SLCA) method were presented in Table 6 

and figure 2 and 3. C.gariepinus could reach a close asymptotic length (L∞) of 36.25cm 

and 36.70cm, with an average growth curvature (K) of 0.11/yr in site A and C, and lower 

L∞ of 29.98cm with higher K of .090/yr in site B. These results gave growth performance 

indices (Ǿ) of 2.16, 2.19 and 2.17 in site A, B and C respectively. 
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Table 6: Growth Parameters of C.gariepinus in Jakara Reservoir, Kano, Nigeria. 

Methods Sites L∞ (cm) Z/K K
-
year Ǿ 

      

Powell-

Wetheral 

A 

B 

C 

36.25 

29.98 

36.70 

2.51 

1.33 

2.63 

- 

- 

- 

- 

- 

- 

Shepherdꞌs 

K-scan 

routine  

A 

B 

C 

36.25 

29.98 

36.70 

- 

- 

- 

0.11 

0.90 

0.11 

2.16 

2.91 

2.19 
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A                                                   B                                               C 

 

Figure 2: Powell-Wetherall Plot of C. gariepinus in Jakara Reservoir, Kano, Nigeria. 
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A                                                          B                                                  C 

 

Figure 3: Shepherd Length Composition Analysis of C.gariepinus in Jakara Reservoir, 

Kano, Nigeria. 
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The seasonalized von Bertalanffy growth curve resulting from a combination of values 

obtained from Powell-Wetherall plot and SLCA method shows a fast growth rate in site 

B (Figure 4B) compared to site A and C (Figure 4A and 4C) which shows quite similar 

result due to their close asymptotic length and growth curvature. 
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A                                                      B                                                 C 

 

Figure 4: C. gariepinus Length Frequency and Fitted von Bertalanffy Growth Curves in 

Jakara Reservoir, Kano, Nigeria. 
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4.1.2.1.2 Mortality and Probability of capture 

Coefficient of total mortality (Z) was estimated by using length converted catch curve, 

which found Z values of 0.53/yr in site A and 0.58/yr in site C relatively small compared 

to 4.45/yr value in site B. The values of natural mortality rate (M) obtained using 

empirical equation of Pauly (1980), by applying the estimated L∞ and K values obtained 

from SLCA and average water temperature of 27
0
C were 0.39/yr, 1.64/yr and 0.39/yr for 

the different sampling sites with site B having high natural mortality rate. The values of 

fishing mortality rate (F) were obtained by subtracting M from Z. It was found that site B 

has higher F value of 2.81/yr, followed by site C with 0.19/yr then site A with 0.14/yr. 

The values of the exploitation rate (E) were obtained by dividing F by Z. The estimated E 

was 0.26, for site A, 0.63 for site B and 0.32 for site C. Probability of capture shows that 

half of the catches were probably 13.98cm in site A, 16.54cm in site B and 13.96cm in 

site C. These were presented in Table 7 and Figure 5 and 6. 
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Table 7: Mortality and Probability of Capture of C.gariepinus in Jakara Reservoir, Kano, 

Nigeria. 

Sites Z
-
year M

-
year F

-
year E L25 L50 L75 

A 0.53 0.39 0.14 0.26 12.76 13.98 15.19 

B 4.45 1.64 2.81 0.63 14.84 16.54 18.25 

C 0.58 0.39 0.19 0.32 12.78 13.96 15.13 
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A                                                           B                                                C 

Figure 5: Length Converted Catch Curve of C.gariepinus in Jakara Reservoir, Kano, 

Nigeria. 
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A                                                        B                                              C 

Figure 6: Probability of Capture of C.gariepinus in Jakara Reservoir, Kano, Nigeria. 
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4.1.2.1.3 Recruitment 

A continuous recruitment of C.gariepinus was done all along the year. It shows that there 

is major recruitment peak in August and minor one in July in all the sampling sites figure 

7. 
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A                                                 B                                           C 

 

Figure 7: Recruitment Pattern of C.gariepinus in Jakara Reservoir, Kano, Nigeria. 
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4.1.2.1.4 Stock Assessment 

Relative yield per recruit and Relative biomass per recruit were analysed using knife-

edge routine of Beverton and Holt Y/R analysis in FISAT (Table 8). The maximum 

exploitation rate was calculated as 0.81, 0.85 and 0.78, economic yield indices as 0.67, 

0.71 and 0.66 and optimum exploitation rate as 0.34, 0.38 and 0.34 for site A, site B and 

site C respectively. 
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Table 8: Stock Assessment of C.gariepinus in Jakara Reservoir, Kano, Nigeria.  

Sites Emax E0.1 E0.5 

A 0.81 0.67 0.34 

B 0.85 0.71 0.38 

C 0.78 0.66 0.34 
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From the analysis of mortality rates, the current exploitation rate was estimated as 0.26 in 

site A and 0.32 in site C which were below Emax (0.81 and 0.78), E0.5 (0.34 each) and E0.1 

(0.67 and 0.66) yield indices. 0.63 current exploitation rate in site B was slightly below 

Emax and E0.1 (0.85 and 0.71) but above E0.5 (0.38) figure 8. 
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A                                                                 B                                                 C 

                     

Figure 8: Relative Yield/Recruit and Relative Biomass/Recruit (Yꞌ/R and Bꞌ/R) of 

C.gariepinus  in Jakara Reservoir, Kano, Nigeria. 
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4.1.2.2 O.niloticus 

4.1.2.2.1 Growth Parameters 

Growth parameters of O.niloticus from Jakara Reservoir were presented in table 9 and 

figure 9 and 10. Powell-Wetheral plot gave close L∞ values of 28.98cm, 29.51cm and 

29.58cm, K-scan of SLCA gave K-value of 0.10/yr, 0.19/yr and 0.20/yr with the same 

L∞ values. Growth performance indices were 1.92, 2.22 and 2.24. 
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Table 9: Growth Parameters of O.niloticuss in Jakara Reservoir, Kano, Nigeria. 

Methods Sites L∞ (cm) Z/K K
-
year Ǿ 

Powell-

Wetheral 

A 

B 

C 

28.98 

29.51 

29.58 

2.99 

3.00 

3.02 

- 

- 

- 

- 

- 

- 

Shepherdꞌs 

K-scan 

routine  

A 

B 

C 

28.98 

29.51 

29.58 

- 

- 

- 

0.10 

0.19 

0.20 

1.92 

2.22 

2.24 
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  A                                                  B                                                C 

 

Figure 9: Powell-Wetherall Plot of O.niloticus in Jakara Reservoir, Kano, Nigeria. 
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 A                                                B                                            C 

 

Figure 10: Shepherd Length Composition Analysis of O.niloticus in Jakara Reservoir, 

Kano, Nigeria. 
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Combination of asymptotic length and the period taking for O.niloticus to reach the 

asymptotic length were presented in figure 11, with slightly faster growth rate in site B 

and site C than in site A. 
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  A                                                 B                                                 C 

 

Figure 11: O.niloticus Length Frequency and Fitted von Bertalanffy Growth Curves in 

Jakara Reservoir, Kano, Nigeria. 
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4.1.2.2.2 Mortality and Probability of Capture 

The length converted catch curve analysis of O.niloticus in all the sampling sites 

produced lower total mortality (Z) estimates as 0.47/yr, 0.71/yr and 0.82/yr, natural 

mortality (M) calculated using Pauly’s empirical formula (Pauly 1980), was still low 

0.39/yr, 0.60/yr and 0.62/yr and relatively the same in both locations, fishing mortality 

(F) was estimated as 0.08/yr, 0.11/yr and 0.21/yr respectively.  Exploitation rate E was 

0.16, for site A and site B each and 0.25 for site C. Probability of capture shows that 

majority of the catches were 16.93cm in site A, 11.27cm in site B and 11.63cm in site C. 

These were presented in Table 10 and figure 12 and 13. 
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Table 10: Mortality and Probability of Capture of O.niloticus in Jakara Reservoir, Kano, 

Nigeria. 

Sites Z
-
year M

-
year F

-
year E L25 L50 L75 

        

A 0.47 0.39 0.08 0.16 11.66 14.30 16.93 

B 0.71 0.60 0.11 0.16 7.62 9.45 11.27 

C 0.82 0.62 0.21 0.25  8.09 9.86 11.63 
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A                                                      B                                                  C 

   

Figure 12: Length Converted Catch Curve of O.niloticus in Jakara Reservoir, Kano, 

Nigeria. 
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A                                                         B                                               C 

   

Figure 13: Probability of Capture of O.niloticus in Jakara Reservoir, Kano, Nigeria. 
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4.1.2.2.3 Recruitment 

The recruitment pattern was continuous year-round with major peak in June for all the 3 

sampling sites. The minor peak differs; for site A, it is in May and for site B and C it is in 

August, figure 14.  
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 A                                                   B                                             C 

   

Figure 14:  Recruitment Pattern of O.niloticus in Jakara Reservoir, Kano, Nigeria.  
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4.1.2.2.4 Stock Assessment 

The Beverton and Holt relative yield per recruit model Table 11 showed that the indices 

for sustainable yields were 0.36, 0.31 and 0.32 for optimum sustainable yield (E0.5), 0.66, 

0.63 and 0.64 for the maximum sustainable yield (Emax) and 0.57, 0.52 and 0.52 for 

economic yield target (E0.1) in site A, B and C respectively.  
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Table 11: Stock Assessment of O.niloticus in Jakara Reservoir, Kano, Nigeria. 

Sites Emax E0.1 E0.5 

    

A 0.66 0.57 0.36 

B 0.63 0.52 0.31 

C 0.64 0.52 0.32 

. 
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From the analysis of mortality, the current exploitation rates were estimated as 0.16, 0.16 

and 0.25 respectively which were below all the sustainable yields indices figure 15. 
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A                                                      B                                                      C 

 

Figure 15: Relative Yield/Recruit and Relative Biomass/Recruit (Yꞌ/R and Bꞌ/R) of 

O.niloticus in Jakara Reservoir, Kano, Nigeria. 
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4.1.2..3 H.bimaculatus 

4.1.2.3.1 Growth Parameters 

Powell-Wetherall plots for the estimation of L∞ and Z/K and SLCA for K-value 

estimation of H.bimaculatus were given in table 12 and figure 16 and 17. The L∞ values 

obtained were 13.75cm, 12.29cm and 12.26cm, K values were 0.20/yr, 0.27/yr and 

0.28/yr and growth performance index were 1.58, 1.61 and 1.62 from the sampling 

stations respectively. 
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Table 12: Growth Parameters of H.bimaculatus in Jakara Reservoir, Kano Nigeria. 

Methods Sites L∞ (cm) Z/K K
-
year Ǿ 

Powell-

Wetheral 

A 

B 

C 

13.75 

12.29 

12.26 

4.51 

4.37 

3.77 

-  

Shepherdꞌs 

K-scan 

routine  

A 

B 

C 

13.75 

12.29 

12.26 

- 

- 

- 

0.20 

0.27 

0.28 

1.58 

1.61 

1.62 
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A                                                         B                                               C 

   

Figure 16: Powell-Wetherall Plot of H.bimaculatus in Jakara Reservoir, Kano, Nigeria. 
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A                                                           B                                                 C 

   

Figure 17: Shepherd Length Composition Analysis of H.bimaculatus in Jakara Reservoir, 

Kano, Nigeria. 
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Von Bertalanffy growth curves in figure 18 were similar in both asymptotic length and 

growth curvature.  
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A                                                  B                                                C 

   

Figure 18: H.bimaculatus Length Frequency and Fitted von Bertalanffy Growth Curves 

in Jakara Reservoir, Kano, Nigeria. 
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4.1.2.3.2 Mortality and Probability of Capture 

The length-converted catch curve gave close total mortality rates of 1.13/yr, 1.01/yr and 

1.51/yr, natural mortality 0.76/yr, 0.96/yr and 0.98/yr and fishing mortality 0.37/yr, 

0.50/yr and 0.53/yr, exploitation rates were calculated as 0.33, 0.05 and 0.35. Probability 

of capture shows that majority of the catches were close to 6.5cm in all the sampling 

stations. These were illustrated in table 13 and figure 19 and 20. 
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Table 13: Mortality and Probability of Capture of H.bimaculatus in Jakara Reservoir, 

Kano, Nigeria.   

Sites Z
-
year M

-
year F

-
year E L25 L50 L75 

A 1.13 0.76 0.37 0.33 3.47 4.97 6.48 

B 1.01 0.96 0.05 0.05 3.47 4.97 6.48 

C 1.51 0.98 0.53 0.35 3.48 4.98 6.49 
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A                                                       B                                                 C 

   

Figure 19: Length Converted Catch Curve of H.bimaculatus in Jakara Reservoir, Kano, 

Nigeria. 
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A                                                         B                                              C 

   

Figure 20: Probability of Capture of H.bimaculatus in Jakara Reservoir, Kano, Nigeria.  
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4.1.2.3.3 Recruitment Pattern 

The recruitment pattern was continuous year-round with major peak in June for all the 3 

sampling stations and minor one in September for site A, August and September for site 

B and site C. 
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A                                                      B                                             C 

   

Figure 21:  Recruitment Pattern of H.bimaculatus in Jakara Reservoir, Kano, Nigeria. 
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4.1.2.3.4 Stock Assessment 

Relative yield per recruit and Relative biomass per recruit routine of Beverton and Holt 

Y/R model shows close values of optimum exploitation rate (E0.5) A = 0.34, B = 0.35 and 

C = 0.35 and varies slightly in maximum (EMax) A = 0.77, B = 0.84 and C = 0.85 and 

economic (E0.1) A = 0.61, B = 0.65 and C = 0.71 yield indices from the 3 sampling 

stations table 14.   
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Table 14: Stock assessment of H.bimaculatus in Jakara Reservoir, Kano Nigeria.  

Sites Emax E0.1 E0.5 

    

A 0.77 0.61 0.34 

B 0.84 0.65 0.35 

C 0.85 0.71 0.35 
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From the analysis of mortality rates, the current exploitation rate in site A (0.33) was 

below the maximum (0.77), optimum (0.34) and economic (0.61) yield indices. 0.05 

current exploitation rates in site B was also below the optimum, maximum and economic 

yield (0.35, 0.84 and 0.65 respectively). Current exploitation is the same with optimum 

exploitation (0.35) and below maximum (0.85) and economic (0.71) yield in site C. 
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A                                                       B                                                C 

   

Figure 22: Relative Yield/Recruit and Relative Biomass/Recruit (Yꞌ/R and Bꞌ/R) of 

H.bimaculatus in Jakara Reservoir, Kano, Nigeria. 
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4.1.2.4 T.zillii 

4.1.2.4.1 Growth Parameters 

Growth parameters of T.zillii from Jakara Reservoir were presented in table 15 and figure 

23 and 24. Powell-Wetheral plot gave L∞ values of 17.98cm, 16.16cm and 17.77cm, K-

scan of SLCA gave K-values of 0.25/yr, 0.29/yr and 0.27/yr and growth performance 

index of 1.90, 1.88 and 1.93 from site A, B and C respectively.  
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Table 15: Growth Parameters of T.zillii in Jakara Reservoir, Kano, Nigeria.  

Methods Sites L∞ (cm) Z/K K
-
year Ǿ 

      

Powell-

Wetheral 

A 

B 

C 

17.98 

16.16 

17.77 

2.75 

1.59 

2.60 

-  

Shepherdꞌs 

K-scan 

routine  

A 

B 

C 

17.98 

16.16 

17.77 

- 

- 

- 

0.25 

0.29 

0.27 

1.90 

1.88 

1.93 
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A                                                        B                                                   C 

   

Figure 23: Powell-Wetherall Plot of T.zillii  in Jakara Reservoir, Kano, Nigeria. 
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A                                                          B                                                 C 

   

Figure 24: Shepherd Length Composition Analysis of T.zillii in Jakara Reservoir, Kano, 

Nigeria. 
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Asymptotic length (L∞) and the rate it was achieved (K) for T.zillii in Jakara Reservoir 

was presented in figure 25. 
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A                                                        B                                            C 

   

Figure 25: T.zillii Length Frequency and Fitted von Bertalanffy Growth Curves in Jakara 

Reservoir, Kano, Nigeria. 
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4.1.2.4.2 Mortality and Probability of Capture 

Mortality rates and probability of capture of T.zillii was presented in table 16. Z was 

calculated from negative slope of length converted catch, M from paulyꞌs empirical 

formula and F by subtracting M from Z. For site A, Z was calculated as 0.84, M = 0.82 

and F = 0.02. For site B, Z = 0.48, M = 0.93 and F = 0.45. For site C, Z = 0.87, M = 0.86 

and F = 0.01 for site C figure 26. Probability of capture shows that 25% of the captured 

fishes were probably 9.85cm in site A, 7.33cm in site B and 9.65cm in site C figure 27. 
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Table 16: Mortality and Probability of Capture of T.zillii in Jakara Reservoir, Kano, 

Nigeria. 

Sites Z
-
year M

-
year F

-
year E L25 L50 L75 

        

A 0.84 0.82 0.02 0.03 9.85 10.62 11.38 

B 0.48 0.93 0.45 0.94 7.33 8.83 10.36 

C 0.87 0.86 0.01 0.01 9.65 10.41 11.17 
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A                                                          B                                                C 

   
 Figure 26: Length Converted Catch Curve of T.zillii in Jakara Reservoir, Kano, Nigeria. 
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A                                                          B                                                C 

   

 Figure 27: Probability of Capture of T.zillii in Jakara Reservoir, Kano, Nigeria. 
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4.1.2.4.3 Recruitment Pattern 

A continuous recruitment of T.zillii was done all along the year. It shows that there is 

major recruitment peak in June for all the sampling sites, minor recruitment is in August 

in site A and September in site B and site C. 
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A                                                          B                                                 C 

   

Figure 28:  Recruitment Pattern of T.zillii in Jakara Reservoir, Kano, Nigeria. 
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4.1.2.4.4 Stock Assessment 

The Beverton and Holt relative yield per recruit model table 17 shows that the indices for 

sustainable yields were 0.41, 0.40 and 0.41 for optimum sustainable yield (E0.5), 1.00 for 

maximum (EMax) and economic yield indices (E0.1) in all the sampling stations.  
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Table 17: Stock assessment of T.zillii in Jakara Reservoir, Kano Nigeria. 

Sites Emax E0.1 E0.5 

A 1.00 1.00 0.41 

B 1.00 1.00 0.40 

C 1.00 1.00 0.41 
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From the analysis of mortality rates, the current exploitation rates were estimated as 0.03, 

0.94 and 0.01 which were below all the sustainable yield indices in site A and C, and 

above optimum sustainable yield in site B figure 29. 
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A                                                                  B                                        C 

   

Figure 29: Relative Yield/Recruit and Relative Biomass/Recruit (Yꞌ/R and Bꞌ/R) of 

T.zillii in Jakara Reservoir, Kano, Nigeria. 
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4.1.3 Length-Weight Relationship and Condition Factor 

Length-weight relationship and condition factor of fish species in Jakara Reservoir was 

presented in table 18. Negative allometric growth was observed in all the species with b 

values of 1.53, 1.83, 1.14, 1.41 and 1.48 for C.gariepinus, O.niloticus, H.bimaculatus, 

T.zillii and C.anguillaris respectively. Only H. bimaculatus have higher condition factor 

which shows good physiological condition of this specie, while the remaining species 

were not doing well.  
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Table 18: Length-Weight Regression Analysis and Condition Factor of Fish Species in 

Jakara Reservoir, Kano, Nigeria. 

Species  Intercept 

(a) 

Slope 

(b) 

Condition 

factor (K) 

Correlation 

coefficient 

(r) 

pattern 

      

C.gariepinus -0.26 1.53 0.85 0.96 Negative allometric 

growth 

O.niloticus -.038 1.83 2.44 0.96 Negative allometric 

growth 

H.bimaculatus -0.06 1.14 3.06 0.97 Negative allometric 

growth 

T.zillii -0.03 1.41 2.17 0.98 Negative allometric 

growth 

C.anguillaris -0.18 1.48 0.69 0.96 Negative allometric 

growth 
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4.2 Discussion 

4.2.1Biodiversity  

The study revealed only two fish families in Jakara Reservoir, three species of Cichlids 

(O. niloticus, T.zilliii and H.bimaculatus) and two species of Clarids (C.gariepinus and 

C.anguillaris). Imam et al. (2010) reported similar results in Jakara Reservoir with the 

exception of C.anguillaris, this may be attributed to differences in sampling sites. A total 

of only five fish species in this research was an indication that this Reservoir was not rich 

in species and less diverse when compared with other findings in different water bodies. 

Boulenger (1916) published a list of African fresh water fishes to include 976 species, 

referable to 185 genera and 43 families. NARESCON (1992) showed that the fresh water 

fishery resources in Nigeria comprised of over 200 species from the inland waters, with 

Kainji having about 100 species while Lake Chad has 87 species. Eight (8) genera 

consisting of eleven (11) different species; Clarias gariepinus, Oreochromis niloticus, 

Schilbedea micropogon, Tilapia zilli, Petrocephalus bovei, Protopterus annectens, 

Alestes nurse, Mormyrus rume, Tilapia guntheri, Sarotherodon galileaus and Lates 

niloticus were recorded in Daberam Reservoir Katsina, Nigeria by Lawan and Ahmad 

(2014). The low diversity encountered in this research was linked to lower K value which 

indicates poor physiological condition of the species. This is probably due to waste water 

discharged from the city which pollutes the reservoir (Abubakar & Abdullahi, 2015; Dike 

et al., 2013; Ibrahim & Said, 2010). 

Family chichlidae dominate the reservoir with 87.32% percentage frequency. Lowe-

McConnell (1975) and Ita et al. (1982) reported that family Cichlidae is particularly 

abundance in many African reservoirs. Holden and Reed (1972) reported over 200 
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species of Cichlids in West African water bodies. Similarly, Daddy et al. (1991), Bankole 

et al. (1994),  Olopade (2010) and Dankishiya et al. (2013 reported Cichlidae to be the 

dominant family in Tatabu Lake in Niger State, Alau Lake in Borno State, Oyan Dam in 

Ogun State and Usuma Reservoir in Bwari, Abuja all in Nigeria. The number 

encountered in the present study was lower than the results of Ikenweiwe et al. (2007) 

who recorded six species of Cichlids in Oyan Dam. The number of species will vary 

depending upon differences in the sampling methods and sampling effort, as well as fish 

abundance. 

O.niloticus has the highest frequency (60.34%), followed by T.zillii with 16.86% 

percentage frequency. This is quite similar to the work of Abdullahi and Mukhtar (2015) 

with O.niloticus having 61% percentage abundance and T.zillii 16.60% frequency in 

Thomas Dam Dambatta. H.bimaculatus was least in abundance among the Chichlidae 

family with only 10.11% of the population unlike in Daberam Dam where it dominates 

the reservoir with 85% percentage abundance in the work of Lawan and Ahmad (2014). 

The dominancy of family Cichlidae in the present study could be attributed to the high 

prolific breeding nature of the family members and this compares favorably in Bakolori 

(Reynolds, 1973), Tiga (Ita et al., 1982), Geriyo (Dankishiya & Abdulrahman, 2007) and 

other African Reservoirs where cichlids are known to dominate them. Bala et al. (2009) 

also stated that high percentage frequency of chichlids is attributed to their fecundity and 

parental care to young ones. In terms of feed, chichlids consume virtually every type of 

food sources available in the freshwater habitat they are found. 
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Claridae with 12.68% percentage frequency was least abundant compared to Chichlidae 

(87.32%), this is similar in many other researches. Dankishiya et al. (2013) reported 

Claridae with least percentage of 3.93% in Usuma Reservoir, Abuja. C.gariepinus was 

reported present in Thomas and Daberam Dam by Abdullahi & Mukhtar (2015) with only 

1% frequency in Danberam Dam, Katsina State and 4% in Thomas Dam, Kano State. 

There are no significant differences with p-value >0.05 For C.gariepinus, C.anguillaris 

and H.bimaculatus in all the sampling sites, this is due to low frequency of these species 

in these sites. On the other hand, O.niloticus shows an extremely significant difference in 

both the sampling sites due to its highest frequency and T.zillii shows significant 

difference only in site C.  

All the species were not evenly distributed but present throughout the research period 

except C.anguillarias which was present in only 3 months of the study period (February, 

June and July).  Percentage frequency of C.gariepinus and C.anguillaris decreases from 

February to May and start increasing from June to July.  On the other hand, O.niloticus 

increases from February to May and slightly decreases from June to July, the rationale 

behind this is probably due to competition with claridae who start rising in these periods. 

H.bimaculatus and T.zilli increases throughout the study period except in March for 

H.bimaculatus. This indicated that Claridaeꞌs abundance have more effect on O.niloticus 

than H.bimaculatus and T.zillii abundance. 

The diversity indices reveal that Jakara Reservoir is not diverse in terms of fish species.  

The Simpson’s index of diversity in this study was less than 1, indicating imperfect 

evenness. Shannon- Weiner index shows that site B was slightly higher in diversity than 
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site C while site A was the least due to low number of species in it (C.anguillaris only 

present in June and July). This is similar to findings of Olapade et al. (2014) were the 

Shannon-Weiner index indicates low species diversity of cichlids in Oyan Dam Ogun 

State, Nigeria.  

On monthly bases, the trend of the Shannon-Weiner index and Simpsonꞌs index of 

diversity for Jakara Reservoir can be depicted as July > June > February > March > April 

>May.  

4.2.2 Growth and Mortality 

C.gariepinus 

Asymptotic length and growth rate in site A and C were closely the same with L∞ value 

of 36.25cm and 36.70cm and K value of 0.11/yr each, these values deviate from site B 

with 29.98cm and 0.90/yr asymptotic length and growth constant respectively. The 

difference in asymptotic length is due to high fishing of this specie in site B hence not 

allowing it to reach larger sizes. The growth rate also varies with higher value in site B 

due to negative correlation that exist between L∞ and K values (Murugan et al., 2014). 

These values were close to finding of Lawrence and Sa (2015) with L∞ value of 27.5cm 

and K value of 0.29/yr for catfish in Cross River, and were not the same with work of 

Apegyah et al. (2008) with higher asymptotic length of 61.98cm and growth rate of 

0.09/yr, Okogwu (2011) with much higher L∞ value of 80.24cm this deviation may be 

due to differences in research reservoirs. Gulland and Rosenberg (1992) suggested that 

estimates can vary from one water body to another, since environmental factors such as 

lake productivity, food availability and predation may vary. 
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Total mortality was higher in site B than the other 2 sites due to its higher growth 

constant  (Murugan, et al., 2014). Death is brought about by natural factors in site A and 

C rather than fishing which is totally different in site B because this site is more 

accessible to people and majority prepared C.gariepinus than other species due to its taste 

and aroma making it highly prized (Okogwu, 2011). The main problem is smaller sized 

individuals were captured without allowing them to reach more profitable sizes. The 

coefficient of total, natural and fishing mortality in site A and C were lower than values 

obtained by Lawrence et al. (2015) with higher values in site B and almost similar 

exploitation rate meaning catfish were higher in Jakara Dam than in Cross River probably 

due to less competition in the former due to few species in it. Apegyah et al. (2008) 

found similar under exploited values of less than 0.5 for C.gariepinus in Bontaga 

reservoir Ghana as noticed in site A and C. 

The current exploitation rate of 0.26 and 0.32 in site A and C were below optimum 

(0.34), maximum (0.81 and 0.78) and the economic (0.67 and 0.66) yield indices 

indicating that C.gariepinus were not overexploited as already explained by low number 

of fishing mortality, while in site B current exploitation of 0.63 is above optimum 

sustainable yield (0.38), and also above 0.5 as recommended by (Gulland, 1971) 

illustrating the presence of unsustainable exploitation due to intense fishing pressure on 

the targeted population, thus, supporting the earlier assertion that C.gariepinus is 

experiencing intense fishing pressure in site B. 
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O.niloticus 

L∞ values for O.niloticus were 28.98cm, 29.51cm and 29.58cm for site A, B and C this 

shows almost the same results meaning that O.niloticus have the same length in the Dam 

in respective of sampling sites. The values of 0.20/yr, 0.19/yr and 0.10/yr growth constant 

also appeared to be almost the same, with slight variation due to slight variation in 

asymptotic length with lowest L∞ value having highest K value (Murugan, et al.,2014).   

These values were close to findings of Chekol (2006) in lake Ziway with L∞ value of 

28.10cm and K value of 0.13/yr and lake Langano with L∞ value of 32.10cm and K 

value of 0.21/y, Novaes and Carvalho (2012) reported O.niloticus from Brazil with 

outcomes as L∞ = 33.60cm and K = 0.36/yr. Also this research agrees with findings of 

Bhanbhro et al. (2017) for O.mossambicus in Pakistan. These findings were higher than 

that of Marquez et al. (2008) with L∞ = 17.88cm and K = 0.31/year in Mexico. Obtained 

values were lower in relation to those obtained by Feu (2004) who recorded L∞ value of 

53.00cm and K value of 0.25/yr in Kainji Dam. The differences may be due to different 

analytical methods used and different community. Also Jakara Dam fish species has 

lower condition factor which indicates stress on the species. 

Values for total mortality, natural mortality, fishing mortality and exploitation rate do not 

vary much from the 3 sampling sites. The higher natural mortality compared with fishing 

mortality is attributed to factors like diseases, old age, predation, spawning stress and 

starvation. Most of these causes are connected with the ecosystem where the fish lives 

(Murugan, et al.,2014). Higher natural mortality and lower exploitation rate was obtained 

by Bhanbhro, et al. (2017) for O.mossambicus in Pakistan. Apegyah et al. (2008) also 

found similar under exploited values of less than 0.5 for O.niloticus in Bontaga reservoir 
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Ghana with higher natural mortality rate. Getabu (1992) found low total mortality 

coefficient of 0.81/yr in Kenyan part of Lake Victoria. The present study differs from 

values obtained by Chekol (2006) in Koka, Ziway and Langano, Ethiopia. 

The current exploitation rate of 0.16 in site A and B each and 0.25 in site C derived from 

the analysis of mortality rates, were below the maximum, optimum and economic yield 

indices. These values were also below 0.5 (Gulland, 1971) recommended exploitation 

ratio, meaning that the fishery of O.niloticus in Jakara Reservoir was not overexploited. 

The only problem is the fishermen cached small individuals instated of allowing them to 

reach market and profitable sizes; this statement was proven right due to high natural 

mortality than fishing mortality. Wehye & Amponsah (2017) stated that low fishing and 

high natural mortality in their study is related to the fact that accessed catch consists of 

more juvenile fishes than adults. 

H.bimaculatus 

In the present study, L∞ value for H.bimaculatus in site A, B and C were 13.75cm, 

12.29cm and 12.26cm this implies that site B and C have close values and differ slightly 

from site A. On the other hand, K value in all the  sites were almost similar (0.20/yr, 

0.27/yr and 0.28/yr) meaning they have close growth rate with slightly lower value in site 

A due to slightly higher asymptotic length in the site (Murugan, et al., 2014). All these 

values were larger than findings of Indira and Pugazhendy, (2016) who reported L∞ = 

6.6cm, K = 0.52/yr for males and L∞ = 5.9cm, K = 0.75/yr for females in India. The 

rationale behind this is that there is a tremendous scope for farming and trade of 

ornamental fish like H.bimaculatus in India (Mahapatra, 1999), hence lowering their 

growth.  
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Mortality was more of natural process than fishing activities due to lower condition 

factor. The coefficient of both total, natural and fishing mortality were almost equal in all 

the sampling stations with lower exploitation in site B probably due to preference of 

C.gariepinus in the area. These findings were similar to that of Apegyah et al. (2008) in 

Ghana.  

The present exploitation rate of 0.33, 0.05 and 0.35 in site A, B and C were less than 

maximum, optimum and economic yield indices. These values were also below 0.5 

Gulland exploitation ratios hence H. bimaculatus is not over exploited in Jakara 

Reservoir. 

T.zillii 

T.zillii shows almost similar L∞ values of 17.98cm and 17.77cm in site A and C and 

differs in site B with 16.16cm asymptotic length and a little bit higher growth rate of 

0.29/yr. This is due to negative correlation that exist between asymptotic length and 

growth rate (Murugan, et al., 2014).  Values of L∞ were much smaller than 38.33cm 

obtained by Abdul et al., (2012) in Tropical coastal estuary and L∞ of 21.53cm obtained 

by Apegyah et al. (2008) for T.zillii in Ghana but agreed with Mahomoud et al. (2011) 

findings of L∞ = 17.85cm for female and 22.05cm for male in lake Timsah, Egypt. 

Gulland & Rosenberg (1992) suggested that estimates can vary from one water body to 

another, since environmental factors also varies.  

As previously stated mortality in Jakara Reservoir is maximally caused by natural factors 

rather than fishing, this statement was also the same for T.zillii with small coefficient of 

fishing mortality in all the sampling stations. Efitre (2016) recorded low mortality for 

T.zillii in Lake Nkuruba, Uganda. High rate of natural mortality in site B compared to 
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total mortality is as a result of smaller animals having higher mortality rate (Ahmad et al., 

2018), as indicated by probability of capture were 75% of the catches were less than 

11cm. These values disagreed with results of Mahomoud et al. (2011) with L75 greater 

than 12cm in Egypt. Exploitation was low in site A and C. Apegyah et al. (2008) also 

found similar under exploited values of less than 0.5 for T.zillii in Bontaga reservoir 

Ghana while Mahomoud et al. (2011) found higher exploitation rate in Egypt as in the 

case of site B.  

The Beverton & Holt relative yield per recruit model showed that the indices for 

sustainable yields were 0.41, 0.40 and 0.41 for optimum sustainable yield, 1.00 for 

maximum and economic yield in all the sampling stations. From the analysis of mortality 

rates, the current exploitation rate were estimated as 0.03, 0.94 and 0.01 which were 

below all the sustainable yield indices in site A and C, and above optimum sustainable 

yield in site B, these values revealed that T.zillii is underexploited especially in site A and 

C as also indicated by low fishing mortality coefficient. 

4.2.3 Recruitment  

Recruitment occurred in almost all months of the year. However, the recruitment was 

more intense at certain periods than at others. It emerged that major recruitment occurred 

during the period of highest fish frequency which falls in June - August for all the species 

and in all the 3 sampling sites. The period for the lowest recruitment of young to the 

fishery tallied with the time the fishes were least in abundance in the artisanal catches 

(Amiye, 2004) therefore period of highest recruitment will be when fish catches is 

highest which is July- August. Besides the peak period of recruitment, recruitment 

occurred in other months too. Montcho et al., (2015) recorded that peak recruitment of 
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O.niloticus was in May – July in lake Toho Benin. Njiru et al., (2007) reported 

O.niloticus with continuous recruitment throughout the year, with two peaks 

corresponding with the rainy seasons, the major one in May to July and minor one in 

November and December. Uneke and Nwani (2014) reported T. zillii with continuous 

recruitment pattern in a Nigerian tropical river basin with major recruitment in May to 

June. The recruitment pattern of C.gariepinus shows double annual peak recruitment per 

year, the first peak in June and the second one in August in the work of  Okogwu, (2011). 

4.2.4 Length-Weight Relationship and Condition Factor 

Length weight relationship gives information on the condition and growth pattern of fish 

(Olurin & Adenibigbe, 2006). It is also of great importance in fishery assessment (Gracia 

et al., 1998; Haimovici & Valesco, 2000). 

All the species exhibited negative allometric growth with b values obtained not up to 

3.Meaning the weight gain in relation to length is not as high as the cube of the length 

(L
3
).  This value agreed with result of Imam et al. (2010) on Length-weight relationship 

and condition factor of four fish species from Wasai/Jakara Reservoir in Kano, Nigeria. 

Were all the b values does not reach 3. The result is also similar to findings of; Musa et 

al. (2016) were he found negative allometric growth for O.niloticus in Thomas Dam 

Kano, Nigeria, Lawrence and Sa (2015) who found negative allometric growth in 

C.gariepinus in Maiduguri Barno, Nigeria, Oyewo (2015) who reported allometric 

growth pattern  for C.gariepinus and O.niloticus from Dogon Ruwa water body, Birnin 

Gwari, Kaduna, Nigeria, Dan kishiya (2013) who obtained negative allometric growth for 

Tilapia zillii, Tilapia mariae, Oreochromis niloticus, Barbus occidentalis and Barilius 

loati from Lower Usuma Reservoir in Abuja. While catfishes and tilapia show positive 
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allometric growth from Kainji Dam Nigeria in the work of (Feu, 2004). Olopade a Rufai 

and (2014) recorded Sarotherodon galilaeus, Oreochromis niloticus, Tilapia zillii and 

Tilapia mariae exhibited a positive allometric growth pattern while only Hemichromis 

fasciatus showed a negative allometric growth in Oyan Dam, Ogun state. Ahmad et al. 

(2015) found isometric growth in T.zillii in Kanye Dam Kano, Nigeria. Olurin and 

Aderibigbe (2006) reported that the difference in length weight relationship is as a result 

of sex, maturity, season and environmental conditions. However, Abubakar (2006) also 

observed that certain factors such as increase in weight due to intake of water or food, 

season of the year, and the time of the day when the fish was captured, could cause an 

increase in weight, similarly food regurgitation and spawning can among other things 

cause weight lost thus affecting “b” values. All the K values obtained were less than 

Bagenal and Tesch (1978) ideal ranges of 2.9 – 4.8 for normal physiological activities in 

fresh water fish except for H.bimaculatus which is in good physiological state.  
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CHAPTER FIVE 

5.0 SUMMARY, CONCLUSION AND RECOMMENDATION 

5.1 Summary 

A survey of fish species diversity and population dynamics in Jakara Reservoir, Kano, 

Nigeria was conducted between February 2018 and July 2018. A total catch of 

approximately 11,314 fish samples was recorded from different fishermen. Length, 

weight and other morphometric measurements were carried out for identification, 

population dynamics analysis and length weight relationships.  Only five species, 

belonging to two families were caught using seine net, gill net, cast net, clap net and 

some local traps (mali). The family Cichlidae dominated the catches by both number and 

abundance (9879 fish, 87.32%); O.niloticus was the numerically dominant species (6827 

fish, 60.34%). Monthly abundance of all the fish species was highest in July  (2485 fish, 

21.96%); the dominant fish family in July was the Cichlidae (1897 fish, 76.34%), 

whereas, the other family; Claridae was fewer (588 fish, 23.66%). The fewest fish (1399 

fish, 12.37%) were caught in February, with the dominant family being the Cichlidae 

(1137 fish, 81.27%) and the other family; Claridae was least prevalent, (262 fish, 

18.73%). The largest fish was caught in February and was Clarias gariepinus with total 

length of 34.00 cm and a total weight of 153.85g; the smallest were caught in February, 

March and May, they were H.bimaculatus and O.niloticus with a total length of 4.00 cm 

each. O.niloticus had the lowest weight of 2.6g in March. The growth pattern of the fish 

species was negatively allometric with b values of 1.14 - 1.83.  

In terms of population dynamics, FAO and ICLARM Stock Assessment Tools (FISAT) 

was used to figure out the growth, recruitment and mortality parameters which were 
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collectively termed rate function. C.anguillaris was not analysed due to low data which 

does not behave in the software. For the other four species, the estimate of K was around 

0.9/yr, whilst L∞ was approximately 37 cm. for C.gariepinus, site A and C had the 

lowest value of K (0.11/yr each) and the largest L∞ (36.25cm and 36.70cm respectively). 

Mortality and exploitation were higher in site B due to accessibility of the site to people. 

For O. niloticus all the sites have similar asymptotic length and growth curvature of L∞ = 

28.98cm – 29.58cm and K = 0.10/yr – 0.20/yr. Site C had slightly higher mortality (0.71) 

than site B (0.82) with site A having least (0.47) so also fishing and exploitation rate. For 

H.bimaculatus, L∞ was as small as 13.75cm in site A, 12.29cm in site B and 12.26cm in 

site C, K differ slightly (0.20/yr – 0.28/yr).  Mortality was similar (1.10/yr – 1.51/yr) with 

site C having a little bit higher value. For T.zillii site A and C have similar L∞ (17.98cm 

and 17.77cm) and K (0.25/yr and 0.27/yr) and slightly deviate from site B (L∞ = 

16.16cm, K = 0.29/yr). Mortality follows the same trend. By using Gullandꞌs exploitation 

rate of 0.5 and values obtained from relative yield and relative biomass per recruit (EMax, 

E0.1 and E0.5), Jakara Reservoir fishes were not over exploited and economic target was 

not achieved especially in site A and C. Probability of capture shows that majority of the 

caches were fingerlings and juveniles and in some cases preys, hence less profitable. 
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5.2 Conclusion 

In conclusion, Jakara Reservoir is less diverse, only two families were recorded; 

C.anguillaris, and C.gariepinus, belonging to family Claridae and O.niloticus, 

H.bimaculatus and T.zillii belonging to family Chichlidae. The available species were not 

evenly distributed in which Chichlids dominate the Reservoir with O.niloticus leading in 

the family. The catches were small in size and have slow growth rate. The Result of this 

study also revealed that there is selective mortality toward smaller sized fishes. This 

implies that fingerlings and juveniles individuals are the target of the fishery. 

Recruitment occurred in almost all months of the year. However, the recruitment was 

more intense at certain periods than at others. It emerged that major recruitment occurred 

during the period of highest fish frequency which falls from June to August for all the 

species. For the stock assessment, Jakara Reservoir fishes were not over exploited and 

economic target was not achieved due to growth overfishing (overexploitation of smaller 

species). 
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5.3 Recommendation 

Jakara Reservoir should be stocked with more fish species for better fish diversity. 

Larger mesh size for fishing should be used to reduce overexploitation. 
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