
  

 

Abstract—In Nigeria, the fisheries sub-sector has been 

dominated by small-scale artisanal fishers who live in 

communities that are characterized by high levels of poverty and 

food insecurity aggravated by overexploitation and depletion of 

the fishery resources, and other environmental problems. Kainji 

Lake has suffered reduced inflow levels from 393,369m/cu3 in 

1994 to 307,231m/cu3 in 2011. Similarly, the fish yield dropped 

from 27,501metric tons in 1994 to 3,476 metric tons in 2011, 

which jeopardized the livelihoods of hundreds of thousands of 

stakeholders. The objective of this work was to develop an 

adaptive strategy model using the concept of sustainable 

livelihoods approach. Data were largely obtained through a field 

survey (using questionnaire) in 30 fishing communities, and 

supplemented by data from other authorities. The results 

showed that a combination of four livelihood activities is the 

optimum. The implications of the work are discussed. 

 

Index Terms—Environment, fishermen resilience, Kainji 

Lake, livelihood strategy, resource sustainability. 

   

I. INTRODUCTION 

Small-scale fisheries are most critically affected by 

environmental factors and the management practices adopted. 

In many parts of the world, the supporting ecosystems have 

been poorly managed and the economic losses due to 

overfishing, pollution and habitat loss have been estimated to 

exceed $50billion annually [1]. This according to [2], have 

made the livelihoods of more than 520million people (about 

8% of the world’s population) who depend on fisheries and 

aquaculture as a source of protein, income and family stability 

vulnerable. Many of these people are found to live in 

developing countries amidst abject poverty conditions.  In 

Nigeria, the Kainji Lake, like most other man-made lakes, is 

of great economic and environmental importance to the 

riparian communities and the nation at large. Apart from its 

primary purpose of generating hydro-electricity, it is used for 

different `purposes, which include domestic, fishing, 

navigation and irrigation. Over the years, the pattern of both 

rainfall and discharge of the Lake have varied tremendously 

and remains a source of concern to the stakeholders in 

particular the fishers, as it affects fish yield and their 

livelihoods.  The variation in Lake Kainji and accompanied 

changes in fish yield have consequently resulted in subjecting 
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the major actors (fishers) into poverty conditions.  

It has been asserted that for the prospects and improvement  

of fisheries, established theories, approaches, definitions of 

sustainability, and indicators of management performance 

have to be re-thought. One important way to address these 

impacts is to develop a strategy for adaptation and resilience 

through diversity of livelihood portfolios [3]-[5]. A consensus 

has long emerged across disciplines (ecology, social sciences) 

that emphasize the necessity to build fisheries management 

around the concepts of resilience and adaptive management 

[6], [7]. More formally, resilience analysis proposes to focus 

on mechanisms and processes that help systems absorb 

perturbations and shocks, and cope with uncertainty and risks. 

Defined in such a way, the concept of resilience thus appears 

particularly useful for the management of small-scale 

fisheries. Therefore, the study becomes imperative to inform 

policy on the implications of decline in fisheries following the 

variation in the hydrological regime. The objective is to 

examine the effects of variation in hydro-climatic variables on 

fisheries and the fishers and to develop an adaptive strategy 

model for sustainable livelihood among the artisanal fishers.  

 

II. THE STUDY AREA AND METHODS 

A. The Study Area 
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The study was conducted in Kainji Lake, located between 

longitude 9
0
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’
-10

0
55

’
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0
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’
– 4

0
45

’
E. It is 

the largest manmade lake in Nigeria created in 1968 following 

the impoundment of River Niger by the construction of the 

Kainji Dam at New Bussa. The Dam was created for 

hydroelectric power generation to boost industrial growth and 

general economic development in the country. However, the 

reservoir created secondary economic opportunities, in 

particular fishing activities. Kainji Lake gets its water mainly 

from River Niger, which takes its source from the Fouta 

Djallon highlands, and from local rivers around the lake basin.  

The Lake covers an area of 1,250 km
2
, and a maximum depth 

of 54.9 m and extends to 136.8 km upstream to Yelwa area. 

The widest point is 24.1 km (its water fluctuates between 

10-11 km annually with a surface temperature of 23-31 
o
C and 

catchment area of 1.6 × 10 km
2

[8]. The river Niger has two 

flood regimes; the black floods and white floods. Water 

originating from the source area of the Niger and its 

catchments travel a distance of 4,183 km to reach the lake 6 

months later; on its way, the water drains the swamp of 

Timbuktu where it loses 65% of its volume to evaporation and 

infiltration. Having deposited itself in three swampy areas the 



  

water becomes clean and appears black from a distance look 

on its arrival at the lake, hence it’s called black flood 

(December to March) and recedes in May-August when the 

white flood takes over. The white flood originates from 

August to November annually. It carries lots of silt and mud 

giving it the milky look. The flood reaches its peak about 

September and is much higher than that of the black flood. It 

has a peak discharge of 4,000 cubic meters per seconds and 

levels down to 1,500 cubic meters per second in November 

when the black flood takes over again [9]. The existence of 

two hundred and ninety seven (297) permanent fishing 

villages and camps and one (1) temporary fishing camp 

around the lake basin and the Islands has been documented 

[10]. 

B. Socio-Economic Background of the People 

Some studies on the Lake basin revealed the 

socio-economic characteristics of the people to comprise of 

the following; majority of the fishermen are Sarkawa sub tribe 

of the Kebbi Hausa, with other tribes like Laru, Gungawa, 

Lopawa, Nupes. Majority of them are illiterates [11]. People 

of Hausa and Nupe origin are full time professional fishermen, 

and most recently they are engaged in farming, livestock 

rearing, petty trading etc. [5], [12]. According to [11] the 

Hausa’s monopolized the occupation due to their long 

attachment to it. Other professional fishermen are 

Zabarmawa, who originated from Mali and Niger Republics. 

Traditional occupations of the people apart from fishing 

include, farming, livestock and local enterprises such as 

pottery, mat weaving, gear/craft making and servicing etc [13], 

[14].  

C. Data, Sampling Technique and Analysis 

The study relied on both primary and secondary data 

sources, micro level data were collected from 259 households 

in 30 fishing villages around the Lake Basin using stratified 

sampling technique and the elements were drawn through 

simple random sampling. The data was collected twice in 

January/February and August/September, representing two 

distinct water flow regimes (high and low), which determines 

the abundance and scarcity of fish and equally coincides with 

dry and rainy seasons in order to capture seasonality and 

variability in income and expenditure. The secondary data 

was colleted from the National Institute for Freshwater 

Fisheries Research New Bussa, and the missing data were 

filled through extrapoliation. Descriptive statistics was used 

by comparing means of different livelihood enterprise 

combinations. A mean income for each livelihood enterprise 

combination was estimated using the following formula: 
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where 


niY ,..,
is the mean income for households with 

enterprises i to k where k is the total number of enterprises a 

household is engaged in, Yi is the income from enterprise n 

and I is total number of households with the given livelihood 

enterprise combination.  

 

III. RESULTS AND DISCUSSION 

A. Hydro-Climatic Variations in the Kainji Lake Basin 

The river Niger, which, is the main source of water to Lake 

Kainji has undergone two major hydrological changes over 

the years. The inter annual inflow and outflow changes in 

Lake Kainji has been observed for 18 years from 1994 to 

2011. The results in Fig. 1, showed high annual inflow 

(upstream) variability and subsequently reflects on the year to 

year variation in the outflow (down stream); discharge 

depends primarily on rainfall and inflow from the upstream. 

The changes have some direct effects on the fish environment 

and subsequently its productivity. Potential benefits may be 

offset by a range of factors including reduced spawning 

success of river fishes because of higher wet season river 

flows, reduced fish survival in lower dry season flows, and 

loss of habitat to new engineering projects and other human 

responses.  According to [15] fish reproduction, growth and 

mortality are affected by precipitation and evaporation 

changes on hydrology of inland waters. This corroborated the 

report of [16], as observed in Lake Mwemu and Lake 

Turkama, where fish catch declines when the Lake level is 

low, an indication that water level determines stock 

fluctuation to a large extent. Overall, the productivity of a 

fishery is tied to the health and functioning of the ecosystems 

on which it depends for food, habitat and even seed dispersal 

[17]. 
 

 
Fig. 1. Anomalies of the water inflow and outflow in Kainji Lake 1994-2011. 

 

One of the hydrological data regularly collected in the lake 

basin is rainfall data. The rainfall pattern in Kainji Lake for 18 

years beginning 1994 has been found to show great variability 

(Fig. 2). Minimum rainfall of 735.3mm was recorded in 2002; 

the maximum was 1349.8mm recorded in 1998, with average 

of 1043.18mm. Between the two extremes, the rainfall varied 

monthly and between years and therefore shows annual and 

long-term variability. In both ways, variability in rainfall 

causes changes in water level and physio-chemical 

parameters, which have direct influence on fish yield. Low 

water level hinders navigation, yet water quality problems are 

expected to be increased in periods of low discharge as 

concentration of nutrients and pollutants will increase [18]. 

Decrease in fish yield remains one of the major sources of 

vulnerability faced by the fishers. Therefore, the effects of 

hydrological variation on both fish and food production and 

livelihoods of people seem to be critical and require urgent 

address. 
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Similarly, Fig. 3 shows variability and in some years high 

temperatures. The highest temperature of 41.22
0
C was 

recorded in 1999 while the least of 36.41
0
C was recorded in 

2007, with an average of 38.2
0
C. Fish reproduction is often 

highly sensitive to fluctuations in temperature [19]. Higher 

temperatures may reduce the availability of wild fish stocks, 

by harming water quality, worsening dry season mortality, 

bringing new predators and pathogens, and changing the 

abundance of food available to fishery species [20]. Fish also 

tend to live near their tolerance limits of a range of factors; as 

a result, increased temperature and acidity, lower dissolved 

oxygen and changes to salinity can have deleterious effects 

[21]. 
 

 
Fig. 2. Anomalies of the annual rainfall in Kainji Lake 1994-2011. 

 

 
Fig. 3. Temperature variability 1994-2011. 

 

B. Effects of Hydro-Climatic Changes on Fish Yield 

Fig. 4 shows the changes occurred in terms of fish yield 

over the years. The variation in the yield showed an alarming 

drop from 38,346 metric tons in 1996 to 11,315 tons in 2002 

and to just about 3,476 tons in 2011. This is as a result of  

variability in inflow, outflow and rainfall and temperaure and 

may be due to poor management practices such as, over 

exploitation, application of obnoxious fishing methods in the 

area. However, among all the attributes that contribute to low 

fish yiled, low water level remains the most critical factor. 

Strong linkages exist between changes in climatic parameters 

such as temperature, rainfall and fisheries productivity. 

Extreme temperature and changes in precipitation lead to 

lower water level. Meanwhile, lower water level alters 

spawning and recruitment of endemic fish species and also, 

lead to lower quality due to reduced productivity capacity of 

photosynthesis balance. Changes in water level and quality 

affects fish reproductive patterns and migratory routes while 

precipitation changes affects fish reproduction, growth and 

mortality. Generally, this will lead to low yield and by 

implication low income, food insecurity and poor health 

among others. According to [20] changes in precipitation 

averages and potential increases in seasonal and annual 

variability and extremes are likely to be the most significant 

drivers of changes in inland fisheries. This has a great effect 

on livelihoods of the people, particulary looking at the 

population increase in the basin area and the Nigeria at large.  
 

 
Fig. 4. Fish yield in the study area 1994-2011. 

 

C. Adaptation and Coping Strategy Model 

The environmental changes as a result of variability in 

precipitation and water inflow and outflow to Lake Kainji and 

its consequential depletion in fish yield over the years, made 

the fishers to adjust in certain ecological, social and economic 

system in order to alleviate the adverse impacts of change and 

take advantage of certain opportunities based on the 

availability of assets around them to construct other 

livelihood activities. Thus, this study developed a model for 

optimum livelihood strategies adopted. The model  identified 

the contribution of each livelihood activity engaged by the 

fishers to their overall income.   

The results revealed that income from non-fishing 

enterprises make up an increasing proportion of overall 

income for most households in Kainji Lake fishing 

communities. From Fig. 5, fishing and fish processing 

contribute up to 68.8% of the total income (44.9% for fishing 

and 23.9% for fish processing). Other non-fishing activities 

like crop production form the next most important 

contribution to household income with 15.8% of the total 

income and is followed by livestock with 12.4 %. Trading 

contributed the least with 3.1%. This result is similar to a 

study in the Zambezi Floodplain, which revealed that inland 

fisheries generated more cash for households than cattle 

rearing in most cases and in some cases more than crop 

production [22]. While majority of the fishers in the Kainji 

Lake basin are diversifying in response to the changes in 

fisheries resources, the diversification trends are 

demonstrably the same across most communities, probably 

due to similarities in other resource e.g. availability of land for 

farming and cultural affiliation of the people in rearing 

livestock and skills. However, of recent trading and other 

servicing activities are widely spreading across the fishing 

communities. [23], reported that increased earnings of all 

household members were such as the primary route out of 
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poverty. The idea behind livelihood diversity is that 

irrespective of seasonality of their various economic activities, 

fishing households would always have access to one source of 

income or the other following their diversity of livelihood 

portfolios, which serves as a buffer against household 

vulnerability, thereby guarantees improved well-being of the 

family.   
 

 
Fig. 5. Contribution of various activities to the overall income. 

 

D. Best Activity Combination Model 

Five groups of different enterprises combination in the 

fishing communities were identified; this was later subjected 

to a descriptive statistics and compared with the mean income 

for each livelihood activity combination. The result shows 

that the fishing households that combine four enterprises have 

more income, with mean of N 6227.42, followed by five 

enterprises with mean income of N 3955.31. The least is those 

that have only two activities (see Table I). Therefore, it is 

recommended that fishing households should engage in four 

to five enterprises rather than two. This essentially will allow 

them to reduce fishing effort and thereby sustain the resources 

for future generation. The importance of this model for 

livelihood activity combination lies in its function of 

addressing two issues; enhancing income and well-being of 

the actors and bringing about fisheries resource sustainability 

through reduction of fishing efforts, thereby addressing the 

age long problem of fisheries resource management in the 

area. One of the keys to successful adaptation is 

diversification-the more options that communities have to 

produce, process, and distribute- the greater the chance that 

some of them may be favoured or not affected by climate 

change [24]. According to [25] adaptation is an active set of 

strategies and action taken by people in response to, or in 

anticipation to the change in order to enhance or maintain 

their well-being. 
 

TABLE I: LIVELIHOOD ENTERPRISE COMBINATION (DESCRIPTIVE STATISTICS)  

  N Minimum Maximum Sum Mean Std. Deviation 

mean income from hh with one enterprise 248 .00 288000.00 535200.00 2158.07 20387.84 

mean income from hh with two enterprises 248 .00 37352.38 424257.14 1710.71 6277.43 

Mean income from hh with three enterprises 248 .00 20459.18 629537.55 2538.46 3865.13 

mean income from hh with four enterprises 248 .00 48400.00 1544400.64 6227.42 8114.95 

mean income from hh with five enterprises 248 .00 194818.18 980918.18 3955.32 20244.73 

Valid N (list wise) 248           

hh=household 

 

IV. CONCLUSION 

Climate change is affecting the aquatic habitat, the fishery 

resources and livelihoods of both the primary stakeholder 

(fishers) and myriads of others benefiting actors along the 

value chain. Beside the ecological problems identified, 

management problems such as overfishing, exploitation and 

pollution accentuate the problems by reducing annual fish 

yield and other economic benefits, thereby subjecting the 

fishers into abject poverty. The current livelihood strategies 

model is developed to consolidate the adaptive strategy being 

used by the fishing communities to avert the ecological 

vulnerability and to improve their socio-economic well-being. 

Policies targeted at improving fisheries development in 

Nigeria should look at both ecological and management 

aspects in order to attain greater sustainability. 
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