A STUDY ON THE PROGRESSION OF AQUACULTURE IN DEGRADED INLAND REGIONS IN BAYELSA STATE

Abstract
In this study, our focus was on the Developing Aquaculture In Degraded Inland Areas In Nigeria, Bayelsa State as case study. The study is was specifically focused on examining the level of degradations of the inland areas in Nigeria; examining the process of aquaculture development in degraded inland areas in Nigeria and identifying the effect of degraded inland area on aquaculture development in Nigeria. The study adopted the survey research design and randomly enrolled participants in the study. A total of 100 responses were validated from the enrolled participants where all respondent are registered fish farmers Bayelsa State.

CHAPTER ONE

INTRODUCTION

1.1   BACKGROUND TO THE STUDY 
Nigeria, a nation characterised by an abundance of rivers, also possesses a significant number of lakes, reservoirs, and wetlands. However, it is worth noting that a considerable portion of these natural resources has experienced degradation as a result of several circumstances (FGN, 1993). The production and development of sustainable fisheries are heavily reliant on the presence of a healthy aquatic environment. It is widely acknowledged that the future prosperity of a rising nation like Nigeria hinges on achieving a more prudent equilibrium between the utilisation and preservation of natural resources, with the aim of establishing sustainable systems that mitigate environmental deterioration (Butt, 1985). 

The success of fisheries and aquaculture is heavily influenced by the quality of the aquatic environment. According to Paulin (1989), the metabolic activities of fish are directly and immediately influenced by the aquatic medium. The quality of the medium, which directly affects the health and performance of fish, is influenced by various parameters such as soil structure, composition, pH, dissolved oxygen content, temperature, and salinity. Nigerian freshwater habitats have been experiencing increasingly rapid rates of damage and degradation due to various factors, including toxic contamination resulting from industrial and urban pollution, the spread of infectious illnesses, the construction of dams, irrigation practises, factory farming activities, and the destruction of forests and wetlands. As a result, there has been a consistent rise in the calibre and variety of discharges that enter our freshwater ecosystem (Anko & Eyo, 2001). 

Undoubtedly, the scarcity of suitable inland regions has emerged as the foremost challenge to the long-term viability of fisheries and aquaculture practises. The designation of freshwater as a national commons is imperative. The majority of individuals residing in developing nations, such as Nigeria, perceive freshwater as a collective societal asset with universal significance. The utilisation of restricted freshwater resources necessitates the ecological development of our shared societal legacy. According to Ita (1993), the excessive exploitation and improper utilisation of limited freshwater resources have a direct impact on fish output and overall quality of life in terms of national health, agriculture, and economy. It is imperative to acknowledge that the development of fisheries and aquaculture is contingent upon the preservation of adequate water quality. 

The incorporation of fundamental knowledge on inland water systems, together with the application of this knowledge to address practical issues and find effective solutions, should be a matter of importance for all individuals and groups involved in the management and preservation of our freshwater resources. This study emphasises the significance of high-quality inland areas in Nigeria for fisheries, namely aquaculture. It investigates the several factors that contribute to the degradation of these areas, analyses their implications, and proposes potential control strategies to facilitate the successful growth of aquaculture.

1.2   STATEMENT OF THE PROBLEM 

The degradation of inland waters in Nigeria is a phenomenon that manifests itself in both rural and urban regions. In the hinterlands, the inland aquatic bodies, namely rivers, streams, and lakes, often fall victim to contamination caused by the presence of inorganic compounds employed in agricultural practises. This unfortunate occurrence tends to adversely impact the quality of said streams and lakes. These substances encompass fertilisers, pesticides, and herbicides. The application of these substances upon agricultural fields occasionally results in their precipitation via rainfall into stagnant bodies of water and reservoirs situated upon the flat terrain. 

The presence of an abundance of nutrients, specifically fertilisers, within the water system can give rise to an overabundance of phytoplankton. This excessive growth of phytoplankton subsequently imposes a significant demand for biological oxygen, leading to the degradation of the aquatic environment due to a substantial depletion of oxygen levels. This depletion places a considerable amount of stress on the vast majority of fish species, ultimately resulting in their gradual demise. Numerous industrial establishments within the Nigerian landscape are strategically situated alongside riverbanks, employing these water bodies as conduits for the disposal of their effluent. The inadequate management of untreated industrial waste has led to the manifestation of discoloured, turbid, malodorous, and unsanitary freshwater bodies, accompanied by the unfortunate consequences of fish mortality and a decline in overall water purity. The prevailing sectors that bear the onus of water contamination in Nigeria encompass the petroleum industry, mining operations targeting precious metals such as gold, tin, and coal, as well as the wood and pulp sector. Additionally, the pharmaceutical, textile, plastic, iron and steel, brewing, distillery fermentation, paint, beverage, and food industries contribute significantly to this predicament. Nevertheless, this scholarly investigation aims to explore the potential for the advancement of aquaculture in Nigeria despite the prevailing environmental degradation. 

1.3   OBJECTIVES OF THE STUDY 

The following are the objectives of this study: 

1.  To examine the level of degradations of the inland areas in Nigeria. 

2.  To examine the process of aquaculture development in degraded inland areas in Nigeria. 

3.  To identify the effect of degraded inland area on aquaculture development in Nigeria. 

1.4   RESEARCH QUESTIONS 

1.  What is the level of degradations of the inland areas in Nigeria? 

2.  What is the process of aquaculture development in degraded inland areas in Nigeria? 

3.  What are the effects of degraded inland area on aquaculture development in Nigeria? 

1.5   SIGNIFICANCE OF THE STUDY 

The following are the significance of this study: 

1. The outcome of this study will educate on the level of degradation of the inland area in Nigeria and the effects of these degradations on aquaculture development. 

2. This research will be a contribution to the body of literature in the area of the effect of personality trait on student’s academic performance, thereby constituting the empirical literature for future research in the subject area 

1.6 Scope/Limitations Of The Study 

This study will cover the level of inland area degradation in Nigeria and its effect on aquaculture development. 

LIMITATION OF STUDY 

Financial constraint- Insufficient fund tends to impede the efficiency of the researcher in sourcing for the relevant materials, literature or information and in the process of data collection (internet, questionnaire and interview).  

Time constraint- The researcher will simultaneously engage in this study with other academic work. This consequently will cut down on the time devoted for the research work.

CHAPTER TWO

LITERATURE REVIEW

Overview of the present state of fisheries in Nigeria

Hydrographic resources

Nigeria, between latitudes 4◦16r N and 13◦52r E of the equator and longitudes 2◦49r E and 14◦37r E of the Greenwich meridian, is the largest country in Africa. It has a total land area of 923,773 km2 or 72.3 mil- lion ha, 18,000 km2 of which is brackish water or freshwater swamps. Nigeria has a coastline of 853 km from Lagos in the west to Calabar in the east, Man- grove area of 12,200 km2, and total marine area of 182,500 km2. The coastal belt has estuaries and la- goons as transition zones between the sea and the nu- merous rivers and creeks flowing southward into the Atlantic. Numerous settlements and some major cities (Lagos, Port Harcourt, Warri, and Calabar) are located near estuaries and lagoons (Osibanjo and Bamgbose, 1989).

Nigeria claims a territorial sea of 56 km, conti- nental shelf of up to 200 m of depth of exploita- tion, and EEZ of 370 km. The vast hydrographic re- sources provide immense opportunities for commer- cial fish production in Nigeria. About 600,000 km2 and 400,000 km2 has potential for subsistence and commercial fish-farming, respectively. For aquacul- ture, water temperatures are optimal, annual rainfall is adequate to optimum in more than 95.5% of the land area, and water availability is optimal to suitable in more than 95% of the area (FAO, 1994).

bIn Nigeria, with its ever-increasing population, the demand for fish far outstrips the supply. According to FAO (1994), total national fisheries production in Nigeria was estimated at 248,964 t (inland fisheries at 103,209 t and marine fisheries at 146,889 t). The estimated total domestic fisheries production in Nigeria from 1990 to 1996 is 315,000, 343,000, 343,000,

338,642, 251,275, 273,276 and 200,171 tonnes per year respectively, which when combined with the total imports for the same years, is just 51.34, 51.95, 47.33, 47.23, 40.86, 53.12, and 49.95 percent of total requirement for 1990 to 1996, respectively (Fig. 1). However, the potential for the development of fisheries is higher than the figures documented in Nigeria. That is because the national statistics of fisheries are unreliable and incomplete (FAO, 1996). Cur- rent national fish demand is about 1.25 million metric tonnes per annum. The domestic fish production re- mains low, necessitating in the continuous importation of fish to bridge the demand and supply gap at a very high cost to the nation (Fig. 2). In the aim to increase the output from fisheries, traditional management systems were discouraged, and trials were undertaken to replace them with ‘modern,’ government- controlled techniques of management.

Some fishery management measures proposed by scientists were adopted by the authorities of the States and the Federal Government in the hope of narrow- ing the gap between supply and demand. Such management measures include regulation through gear restrictions, gear selectivity, seasonal and area closures, control of fishing effort, mesh size regulations, eco- nomic control, and resource allocation through territorial rights (Panayotou, 1992). In most cases the measures listed above had to be implemented (en- tirely or partly) through policing by uniformed staff of the Fisheries Departments, applying state and federal laws and local government by-laws. After about four decades of independence, it is clear that this ‘po- lice’ enforcement approach has largely failed, as the gap between fish supply and demand grows (Fig. 2). Reasons for the failure of government-based enforcement strategies in Nigeria, as in many other countries in Africa, include:

i. Inadequate area coverage of enforcement infrastructures.

ii. Lack of motivated and well-trained human re- sources at technical and sub-technical levels for en- forcement.

iii. Low budgetary allocations by government to the fisheries sector.

iv. Corruption of law enforcement agents, caused in part by the lack of financial resources for enforcement.

v. Lack of fisheries data upon which to base manage- ment decisions—too often, there is not even a data- base, or data are fabricated in the data recorder’s office instead of thorough visits to the landing sites. Alienation of the resource owners, the fisheries communities (J.S.O. Ayeni, personal communica- tion).

It is apparent that extensive and suitable sites for aquaculture are available throughout Nigeria (Ta- ble 1). The number of fish ponds and lakes in Nige- ria (including aquifer ponds, Fadama enclosure ponds, fisheries resource lakes, and swamp ponds) is 7,914 with a total surface area of 208,901 hectares (Table 2). In view of its huge but largely untapped potential, Nigeria’s fishery sector should undoubtedly be able to supply the national market if better organized, con- trolled, and promoted.

Fish are an integral part of most aquatic ecosystems. Modifications in one area have the potential to affect others. The aquatic environment is definitely more abused than the terrestrial, as many industrial and do- mestic wastes are dumped directly into streams, rivers, lakes, and oceans.

In Africa, unprecedented population growth ac- companied by an intense urbanization leading to increase in agricultural and industrial development (Biney et al., 1987, 1994; Saad et al., 1990) have caused huge increases in the quantity of discharge and a wide diversification in the types of pollutants that reach inland bodies of water. These transforma- tions have undesirable effects on the different compo- nents of the aquatic environment and on the potential for fisheries. The biggest threat to the endemic cich- lids, the fish fauna as a whole, and the aquatic system in general comes from pollution. In Nigeria, domes- tic waste, industrial pollution, and agricultural run-off have been identified as principal causes of water pol- lution (FEPA, 1991).

Domestic wastes

The rural exodus, population growth, and the lack of funds for urban development have resulted in inad- equate sanitation. Although urban regulations pre- scribe that sanitation and associated infrastructure should be in place before settlement, in reality land is usually occupied first but sanitation facilities and drainage works fail to materialise. Watercourses are used as outlets for sanitation (Figs. 3 and 4), thus hu- man and animal waste is discharged into the water- courses. The discharge of untreated domestic sewage to the aquatic environment is a major source of human pathogens. This mechanical and physical pollution occurs in most of the country’s watercourses.

In Nigeria, leachates from refuse dumping, as shown by high values of BOD, COD, total solids, and suspended solids in the receiving surface water bod- ies, indicate the high potential cause of gross organic pollution. The presence of trace heavy metals in the leachates also reinforces the fact that domestic refuse contributes to heavy metal pollution in surface water in addition to its high oxygen depletion capabilities (FEPA, 1996).

Ita and Mohammed (1987) reported low fish den- sities and diversity in twelve reservoirs in Kano state and also the dominance of Tilapia and Clarias species resulting from advanced stages of environmental degradation in these reservoirs.

Discharge of industrial effluents

Nigeria has several small, medium, and large indus- trial plants and factories; all of these use chemical products, generally in toxic quantities in the production process. Most plants fail to recycle their waste and lack treatment facilities and so usually discharge effluents directly into the watercourse (Fig. 4), at the expense of aquatic life and water quality (Fig. 5). Ta- ble 3 typifies the water polluting nature of the effluents from most industries in the country. When compared with the Federal Environmental Protection Agency’s (FEPA) guidelines and standards, all the industries’ effluents contain several pollutants far in excess of FEPA’s limits.

The current lead limit in gasoline sold in Nigeria is 0.7 g Pb/l. However, the lead level in the Nigerian produced gasoline averages about 0.25 g Pb/l. With a national consumption of 25 million litres and a 75 per cent emission rate of lead as lead particu- late, it can be deduced that up to 5 tonnes of lead per day, or 1800 tonnes per annum, would be un- leashed into the Nigerian environment in 2002. Thus, over a seventeen-year period spanning 1985–2002, a total of about 30,000 tonnes of lead has been un- leashed into the Nigerian environment (Agbo, 1997; Maduka, 2001). The source of lead in water is mostly from the drainage and surface run-offs. Areas where lead-based activities are high contribute to the lead levels in the final recipients such as rivers, streams, or wells.

Petroleum pollution of surface waters caused by oil spills of various sizes from oil exploration, pipeline movement of products, transportation, land-based pol- lution sources, and product seepage is also a major problem in the Niger Delta, Lagos, and around all the petroleum refineries (FEPA, 1996). Textiles produce water tinged with fat, oil, soap, tallow, and other in- gredients. The scouring and washing of cotton fibre is a major source of organic pollution and waste loading. Textile industries in Kaduna are responsible for more than fifty per cent of waste discharges into the river Kaduna (FEPA, 1996).

Pollution from the agricultural sector

Intensive agricultural activities are a major threat to Nigerian fishery resources and their biodiversity. Most farmers, in order to increase their yields, use agro- chemicals, which then are carried by run-off to the wetlands, thus changing the water chemistry, and triggering vegetation succession and other ecological changes. Aquatic pollution by agrochemicals results mainly from their widespread use in agriculture and in vector control campaigns.

Over the years, acute toxicity of pesticides to aquatic organisms has been seen by a large kill of fish associated with the accidental release of organochlo- rine pesticides (OCPs), such as DDT, toxaphene, dieldrin, aldrin, and heptachlor into the aquatic en- vironment (Leveque, 1989; Yameogo et al., 1993). Recently, several workers have reported the toxic- ity of these substances to Nigerian fish (Ufodike and Omoregie, 1990; Alam and Manghan, 1993), and the substances have been suspected to be carcinogenic in fish and other aquatic organisms (GESAMP, 1991).

Although the manufacture and use of OCPs have been banned or restricted in developed countries, they have been used in both developed and developing countries for several decades and have played a major role in increasing world food production and protect- ing human health and natural resources. These sub- stances however, are considered micro-organic pollu- tants because of their persistence, toxicity, and other negative ecological effects. Being lipophilic, they can be concentrated to harmful levels in aquatic environ- ment through bioaccumulation. (Müller and Lloyd, 1994). Nonetheless, they are still being used in Nige- ria, as in most developing countries, because they are relatively cheap and due to lack of appropriate enforcement of national regulations (Calamari, 1985; Biney et al., 1987; Osibanjo and Bamgbose, 1989; Saad et al., 1990).

Over-exploitation of fisheries resources

Fishing constitutes the greatest and most serious hu- man perturbation of the Nigerian aquatic ecosystem. Fish and marine resources in the country face total col- lapse or extinction, due to over-fishing and destruction of aquatic life and natural habitats by pollution of water bodies.

There are approximately 12,000 fishers exploiting the fisheries of Lake Kainji, Nigeria’s first artificial lake (Ayeni and Mdaihli, 2002). The essence of man- agement of renewable natural resources such as fish- eries is to balance the rate of use (catch) with that of renewal (recruitment). The fishery being over- exploited requires regulatory control, which can only work when there is effective mechanism of monitoring and enforcement of regulation. These include laws, enforcement boats, power to arrest and charge to court, and punishment for infractions of regulation.

Harmful fishing practices

People living in villages often use toxic plant products or natural toxic substances to catch fish. The products are usually introduced upstream; they then gradually flow downstream. The intoxicated or dead fish float to the surface. This practice destroys the fish stocks, fingerlings, eggs, plankton, and other aquatic flora and fauna. It also disturbs egg-laying, breeding, and hatching, and by reducing the supply of food and dissolved oxygen makes survival diffi- cult. Some fishermen also use small-mesh nets, which further depletes the fish stocks especially when used in nursery areas (Omorinkoba et al., 1997; KLFPP, 1998; Olapade and Mdaihli, 1999; Ayeni and Mdaihli, 2002).

The Nigerian Government has imposed a ban on most of these harmful fishing practices (Ajayi, 1996). Extension of services to educate fishermen has made the beach seine users to realise that their fishing be- haviour is detrimental not only to the economic well- being of their non-beach seining colleagues, but also to the future livelihoods of their own children (KLFPP, 1998; Ayeni and Mdaihli, 2002).

Nigerian policies, legal and institutional framework on environmental pollution

Over the years, the Nigerian Government has promulgated various laws and policies on fisheries, which were mainly to increase local supply in order to bridge the gap between the estimated total requirement and its domestic production and to achieve a sustainable use of fishing resources in Nigeria. These are:

1. Sea Fisheries Decree (No. 30) of 1971.

2. Sea Licensing Regulation of 1971.

3. The Sea Fisheries (Fishing) Regulation of 1972.

4. The Exclusive Economic Zone Decree (Act) of 1978.

5. Inland Fisheries Decree (No. 108) of 1992.

Establishment of Federal Environmental Protection Agency (FEPA)

FEPA was established under Federal Environmental Protection Agency Decree No. 58 of 30 December 1988 (as amended by Decree No. 59 of 1992). The agency has specific powers, which include:

Developing plans of action and advising the Federal Government on national environmental policies and priorities.

Prescribing standards for and making regulations on air quality, water quality, pollution, and effluent limitations.

Monitoring and enforcing environmental protection measures.

Enforcing international laws, conventions, protocols and treaties on the environment.

Promoting cooperation with similar bodies in other countries and international agencies associated with environmental protection.

Cooperating with Federal and State Ministries, Local Governments, statutory bodies, and research agencies on matters relating to the protection of the environment.

The instruments of intervention so far developed by FEPA on environmental pollution include:

The National Policy on Environment adopted on 27 November 1998.

Establishment of a National Council on the Envi- ronment.

The National Guidelines and Standards for Envi- ronmental Pollution in Nigeria (March 1999).

National Effluent Limit Regulations S.1.8 of 1991. Pollution Abatement in Industries and other Facil- ities Generating Wastes Regulations S.1.9 of 1991. Environmental Impact Assessment (EIA) decree No. 86 of 1992.

National Guidelines and Standards for Water Quality in Nigeria (1999).

• National Guidelines on Spilled Oil (1999).

• Guidelines on Environmental Auditing.

Other major legislation in the area of environmental pollution includes:

• Oil in Navigable Waters Act 1968, Chapter 337.

Constraints to implementation of the policies

These include:

Uncoordinated piecemeal policies and legal in- struments.

Weak database.

Ineffective law enforcement.

Lack of funds and mismanagement of available funds.

Inadequate public awareness, thus lack of appreci- ation and involvement of the populace in environ- ment related issues.

Use of inappropriate technologies.

2.1 World Aquaculture and Capture Production

Aquaculture and capture fisheries supplied about 142 million tons of fish across the world in 2008, providing an estimated apparent per capita supply of about 17kg (live weight equivalent), with aquaculture accounting for 46 percent of the total food fish supply (Food and Agriculture Organization, 2010). Aquaculture has mainly been a developing world activity, particularly on the Asian continent. Asia accounts for 87% of the world aquaculture production by weight, while China alone is responsible for about 68% of the global aquaculture production. Also, Southeast Asia and India were responsible for about 15% of aquaculture production in 1997 (Delgado et al., 2003). According to United Nations Food and Agriculture Organization (2010), aquaculture continues to be the fastest-growing animal-food-producing sector and to outpace population growth, with per capita supply from aquaculture increasing from 0.7kg in 1970 to 7.8kg in 2008 and an average annual growth rate of 6.6 percent. While production of fish from aquaculture was less than one million ton per year in the early 1950s, production was 52.5 million tons in 2008, with a value of US$ 98.4 billion.

World aquaculture is mainly dominated by the Asia-pacific region, which accounts for 89 percent of production in terms of quantity and 79 percent in terms of value. This dominance is as a result of China‟s immense production, which accounts for 62 percent of the global production in terms of quantity and 51 percent of the global value. The Caribbean and Latin America showed the highest average annual growth in the period 1970-2008 (21.1 percent), followed by the Near East (14.1 percent) and Africa (12.6 percent). In Europe and North America, the average annual growth in aquaculture production has reduced significantly to 1.7 percent and 1.2 percent respectively (FAO, 2010).

The fish sector is a viable source of income and livelihood for millions of people around the world. Employment in aquaculture and fisheries has grown significantly in the last thirty years, with an average rate of increase of 3.6 percent per year since 1980. It is estimated that in 2008, 44.9 million people were directly engaged, full time or more frequently, part time in capture fisheries or in aquaculture and at least 12 percent of these were women. This figure represents a 167 percent increase compared with the

16.7 million people in 1980. It has also been estimated that for each person employed in aquaculture production and capture fisheries, about three jobs are produced in secondary activities, including post-harvest for a total of more than 180 million jobs in the whole of fish industry. On the average, each jobholder provides for three dependants. Thus, the primary and secondary sectors support the livelihoods of a total of about 540 million people, or 8.0 percent of the world population (FAO, 2010).

On the African continent, more than 10 million people rely on fisheries as a vital entrepreneurial activity. Over 2.5 million fishers make business opportunities. For most of them, the fishing industry is a good avenue for generating income. Of Africa‟s more than 800 million people over 200 million are regular fish eaters. To them, fish is an essential part of their nutrition, accounting on the average for 22% of their animal protein intake reaching up to 70% in some countries (World Fish Centre, 2005).

In Nigeria, the actual total domestic fish production in 2005 was about 579,500 metric tons. Annual national demand stands at about 1.5 million metric tons leaving a deficit of about 920,500 metric tons (Adamu, 2007). According to Omitoyin (2007), Nigeria is blessed with suitable land where both freshwater, brackish and marine fish species can be cultured. If this available land is put into proper use, fish production will increase significantly. Table 2.1 shows fisheries and aquaculture production and utilization around the world from year 2007 to 2012.

Thomas (1994) stated that intensification of fish production from pools in African floodplain, through water management, fertilization and stocking with fingerlings, was technically a success. He found out that fish production per hectare was 171% greater in managed ponds compared with unmanaged ponds and in terms of income derived from labour inputs for pond management, the returns per man hour compared favourably to alternative activities.

Satia (1990) observed that since 1984, there has been a surge of interest in large scale commercial fish farms owned and/or operated by a new breed of influential, wealthy and sometimes knowledgeable or skilled Nigerians, whose interest in the subsector has been kindled by various administration on one hand and by a series of reforms enacted by Government in favour of agricultural development after the oil boom era, on the other hand. In the private sector there were about 2000 rural fish ponds, 3000  homestead ponds and over 50 commercial farms. In the public sector, there were more than 30 fish seed production units and hatcheries, a large pool of trained manpower, as well as training and research facilities for aquaculture. However, most public sector units were operating below capacity as a result of insufficient and unreliable release of funds, inadequate input supplies, management problems and insufficient staff motivation. Progress in the private sector on the other hand, was hampered by inadequate supply of quality fish seed and feed, painful procedures to have access to land and credit facilities.

Table 2.1: World fisheries and aquaculture production and utilization

	Production
	2007
	2008
	2009
	2010
	2011
	2012

	Capture (million tons)
	
	
	
	
	
	

	Inland
	10.1
	10.3
	10.5
	11.3
	11.1
	11.6

	Marine
	80.7
	79.9
	79.6
	77.8
	82.6
	79.7

	Total capture
	90.8
	90.2
	90.1
	89.1
	93.7
	91.3

	Aquaculture (million tons)
	
	
	
	
	
	

	Inland
	29.9
	32.4
	34.3
	36.8
	38.7
	41.9

	Marine
	20.0
	20.5
	21.4
	22.3
	23.3
	24.7

	Total aquaculture
	49.9
	52.9
	55.7
	59.1
	62.0
	66.6

	Total World Fisheries

Utilization
	140.7
	143.1
	145.8
	148.2
	155.7
	157.9

	Human consumption (million tons)
	117.3
	120.9
	123.7
	128.2
	131.2
	136.2

	Non-food uses (million tons)
	23.4
	22.2
	22.1
	19.9
	24.5
	21.7

	World population (billions)
	6.7
	6.8
	6.8
	6.9
	7.0
	7.1

	Per capita food fish supply (kg)
	17.6
	17.9
	18.1
	18.5
	18.7
	19.2


Source: FAO, 2014.

Fish Farming and Food Security

Food security as defined by FAO (1996) is a condition whereby people everywhere irrespective of their gender, ethnicity, religious or political affiliation, age, social status etc have physical and economic access to safe, sufficient and nutritious food to meet their dietary needs and food preferences for an active and healthy life. Fish farming can be a major player in ensuring food security locally by providing food directly to the producer or to the immediate community especially in many areas of Bayelsa state and in Nigeria as a whole. This contribution can also be indirect; as an economic activity which is reliable and regular, especially in comparison with traditional capture fisheries, and as an option for diversification into new opportunities. In many areas of Bayelsa State, the dependence on fish is high. Fish farming or aquaculture provides a direct supply of fish, either for consumption by fish farmers and their family members or members of the society buying fish from fish farmers for their dietary needs. Fish is one of the cheapest protein sources available in developing Countries and they are processed locally and transported over long distances, providing a cheap protein source for the poor and the middle income earners thereby enriching their diets. With the ever increasing population of Nigeria, the demand for fish also increases.

Of all the different food production supply systems around the world, fish farming or aquaculture is seen as an essential domestic provider of the high premium animal protein and other vital nutrients generally at affordable prices to the poor segments of the society (Tacon, 2001). Increased fish production will help in combating hunger and malnutrition, which remain one of the most devastating problems facing the majority of the poor and the needy in the society. World Health Organization (2000) reported that nearly 30% of humanity, including infants, children, adolescent, adults and the elderly in developing Countries are currently suffering from one or more of the multiple forms of malnutrition, abject poverty and food insecurity. With the decline in capture fisheries as a result of factors such as climate change, oil spillage etc, there is an urgent need to look in the direction of fish farming to meet the ever-increasing demand for fish while recognizing the contribution of fish farming to food security, it is also important to state that it provides a new livelihood of higher income for those who engage in it.

Nutritional benefits of fish

In many developing Countries like Nigeria, fish accounts for a high proportion of animal protein intake of the population. Fagbenro (2002) reported that fish provide at least 40% of dietary animal protein of people living in the developing world. Fish also supply highly digestible protein and is a rich source of minerals, fatty acids and water soluble vitamins. The high value of nutrition in fish is particularly important for lower income groups that might otherwise depend on a cereal-based food to meet their dietary needs. Cereal grains are usually low in lysine and sulphur-containing amino acids; so by supplementing their diets with fish significantly raises the biological value of the diet. According to FAO (2006), fishery products like many other animal products contain nitrogenous compounds, lipids, carbohydrates, minerals and vitamins. Table 2.2 shows the nutrients composition of catfish as an example of nutrient in fishery products consumed by humans as food.

Table 2.2: Nutritional value of catfish

	Nutrient
	Quantities
	Unit

	Protein
	18.20
	g

	Iron
	0.82
	mg

	Calcium
	9.00
	mg

	Iodine
	0.10
	mg

	Potassium
	321.00
	mg

	Vitamin A
	0.02
	mg

	Vitamin B2
	0.10
	mg

	Vitamin B6
	0.20
	mg


Source: United States Department of Agriculture, 2002.

Nutritionally, fish is therefore an extremely essential source of protein and micro nutrients for millions of people in Africa in general but for Nigerians specifically and in

Bayelsa state in particular. Fresh but more often smoked, dried or even processed in powdered form, fish is a critical source of protein and micro-nutrients for many isolated communities in rural areas. Fish may also be the sole affordable or accessible source of protein for poor households in rural, peri-urban and urban areas. Of Africa‟s more than 800 million people, more than 200 million eat fish regularly. To them fish is an important part of their diet, accounting on the average for 22% of their animal protein intake reaching up to 70% in some Countries (World Fish Centre, 2005).

In human nutrition, fatty acids such as linolenic and linoleic acids are essential for preventing skin diseases and considered very important as they cannot be produced by humans. However, fish oils contain vital polyunsaturated fatty acids which act in the same way as linoleic and linolenic acids. Members of the linolenic acid (fist double bond in the third position, on w-3 counted from the terminal methyl group) have neurological benefits in growing children. One of these fatty acids, eicosapentaenoic acid (c20:5 w3) has attracted considerable attention since Danish scientists found a significant presence of it in the diet of a group of Greenland Eskimos who proved virtually free from arteriosclerosis. Studies in the United Kingdom and elsewhere have documented that eicosapentaenoic acid in the blood is an extremely potent anti- thrombotic factor (Huss, 1995). Fish also contains Omega III fatty acids that are known to reduce cardiovascular diseases, hypertension and arteriosclerosis, thus becoming a preferred source of animal protein for those nearing 50 years of age and above. Omega III fatty acids are also known to enhance good brain cell development in developing foetus, (thus, a vital diet for pregnant women) and intelligent Quotient (IQ) in developing children (Federal Department of Fisheries, 2005). From the foregoing, it is evident that fish is crucial to the economy and health of the nation.

Role of Fish Farming in Achieving Millennium Development Goals Millennium Development Goals (MDGs) are a set of eight goals set by the United Nations (UN) and these goals are targeted at reducing poverty globally. When the UN Millennium Development Goals were first announced in September of 2000, a deadline of 2015 was set to halve global poverty. At that time, 15 years seemed long enough. Today, we are barely 1 year away from the deadline.

Eradication of extreme poverty and hunger is the first goal of the MDGs. The World Bank (2001) put poverty index (Poverty Line Value) at $1 per person per day for extreme poverty and $2 per person per day as general poverty line. For many people in the developed world $1 is pocket change, perhaps used towards buying a cup of coffee or a lottery ticket. Yet for millions of people living in poverty in Nigeria, $1 is more than they have to spend each day on food, shelter, clothing, health and education; it‟s the mark of absolute poverty. MDGs report of 2009 released by the UN Secretary- General, Ban Ki-moon, indicates that Asia has made gains that put it on track to achieve most of the eight goals but Africa including Nigeria is falling behind. In spite of this bleak report, all hope is not lost as fish farming, a powerful blue revolution, offers a huge ray of hope. Money realized from selling fish provides an important contribution to household spending. Also, government revenue from industrial or large scale fish farming can be used to support economic growth and can be specifically targeted towards pro-poor investments which will go a long way in reducing extreme hunger and poverty. According to FAO (2010), it‟s estimated that for each person employed in aquaculture production, about three jobs are produced in secondary activities, including post-harvest, for a total of more than 180 million jobs in the whole of fish industry. On the average, each jobholder provides for three dependants. Contribution of aquaculture
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industry is not only limited to provision of job opportunities to rural, peri-urban and urban population. It also provides a new livelihood of higher income other than other agricultural activities in many countries. For example, economic return from pond fish culture is usually 4 6 times of the return to the same area of crops in China, which significantly contributes to poverty alleviation.

Achieving universal primary education is goal number 2 of the MDGs. Education, the development of the human mind cannot be achieved when there‟s no financial support either from government or home. Household income supported by money realized from fish farming will go a long way in promoting children‟s education. The nutritional benefits from fish also help children‟s development and learning abilities (Fisheries Management Science Programme, 2012). So, fish farming has a greater role to play in achieving primary education not only in Bayelsa State but throughout the federation.

Gender equality and women empowerment has been an issue of interest all over the world. It won‟t be surprising to see it as goal number three of the MDGs (Millennium Development Goals). Fish farming has a key role to play here. For women in particular, fish processing and trading provide a very important livelihood support in Bayelsa state and other parts of the Country. Because fish processing and trading do not require strong physical strength and can be undertaken by unskilled labour, they provide opportunities for a large number of women, many from the lowest strata of the society. For many of these women who are heads of households, fish therefore represent the primary and sometimes, the only source of income. Fish farming can actually help in empowering women (Fisheries Management Science Programme, 2012).

Fish is a vital component of diet in many parts of the world including Nigeria and Bayelsa state in particular, complementing the carbohydrate-based diet of the poor; and providing an important part of children‟s nutrition which helps their development. Regular eating of fish reduces malnutrition associated with a lot of infant deaths. In a developing Country like Nigeria, staples such as rice, maize and cassava make up the bulk of food consumed by the people and most of these staples are either lacking in essential nutrients or contain essential nutrients in minute quantity. Fish is an alternative source for the supply of these vital nutrients particularly fatty acids that are important for the development of the brain and the body. According to World Health Organization (2000) nearly 30% of humanity, including infants, children, adolescent, adults and elderly within the developing Countries are currently suffering from one or more of the multiple forms of malnutrition, food insecurity and abject poverty. Fish farming, therefore, can play an effective role in reducing infant mortality which is goal number four of the MDGs.

Income from fish farming and nutritional benefits from fish can improve maternal health and these will go a long way in reducing the menace of maternal death not only in Bayelsa state but throughout Nigeria. Fish consumption during pregnancy and lactation further improves the nutritional and health status of women, thus reducing vulnerability to diseases. Fish flesh is a valuable source of nutritive elements such as calcium, potassium, iron, phosphorus, selenium and vitamins such as A, B and D which help in promoting the health of women during pregnancy and after child birth (Ward, 1996). Fish protein is vital in improving the overall quality of a mixed diet and thereby, helps in improving maternal health.

Many lives have been lost all over the world as a result of the menace of Human Immuno-deficiency Virus (HIV)/Acquired Immune Deficiency Syndrome (AIDS), malaria and other diseases. Many orphans have been made as a result of HIV/AIDS and malaria is believed to be one of the biggest killers in the world. In an attempt to stem this dangerous tide, the United Nations has made fighting or combating HIV/AIDS, malaria and other diseases a top most priority. This is goal number 6 of the MDGs. According to Ward (1996), fish has been shown to contain a combination of proteins, vitamins and minerals that help to fortify affected persons against vulnerability to secondary diseases (opportunistic infections) since improved nutrition increases the effectiveness of anti-retroviral drugs.

Inoni (2007) observed that there is a decline in yield of natural fish stocks which is an indicator that fish stocks have reached the point of maximum sustainability yield since the number of catch from capture fisheries is declining, it‟s only proper to consider an eco-friendly agricultural system like fish farming to meet the increasing demand for animal protein. The sustainability of the environment is very important in determining the success of any farming venture. The Broundtland Commission (World Commission on Environment and Development, 1987) defined sustainable development as the ability to meet the needs of the present without compromising the ability of the future generation to meet their own needs. Coastal resources depletion and land degradation are factors that lead to poverty since continuous deterioration of coastal resources results in reduced fish catch and therefore, bring about reduction in fish protein consumption and income of fishers, thus increasing poverty level and perpetuation of its vicious cycle. These and other reasons call for serious attention to be focused on environmentally friendly agriculture system like fish farming. Enlightening, encouraging and empowering people to practice fish farming will minimize the negative impacts of overfishing and associated environmental problems thereby promoting environmental sustainability which is the seventh goal of the MDGs.

Fish is one of the most highly traded food commodities in the world. Over 40% of all fish cross international borders (World Fish Centre, 2005). Delgado et al. (2003) stated that developing countries have more than doubled total fish production since 1973. The shift in fish farming in particular, especially in Thailand and Malaysia has created a major source of export revenue. Developing nations are being transformed from the status of net importers of fisheries products to that of large net exporters. FAO (2002) reported that fisheries products represented a major source of export revenue for developing Countries, amounting to over US$20 billion per annum in the late 1990s. The fishery trade is particularly important for developing nations. FAO (2014) reported that fishery trade in 2012 represented 10% of total agricultural exports and 1% of world merchandise trade in value terms. Import and export of fish between Countries promote partnership for global development which is goal eight of the MDGs.

Fish Culture Systems

Globally, different techniques of fish culture have been developed from time to time in order to obtain maximum yield of fish. According to Gupta and Gupta (2006), culture practices may be on the basis of habitat (kind of water), economic or commercial considerations, one (monoculture) or multiple organisms (polyculture), operative design of the culturing sites etc.

Economic consideration in fish culture system

System of culturing fishes based on economic or commercial consideration can be grouped into three namely; extensive, intensive and semi-intensive system (Gupta and Gupta, 2006).

Extensive system: - It‟s the least managed culture practice where there is a modest yield. It adopts the traditional technique of culture which depends on natural productivity of the pond. Some fish obtain their food exclusively from plankton e.g. Silver carp. Others such as Tilapia feed on plankton and also on bottom materials. Common carp is an efficient bottom feeder while others like grass carp consume large quantities of higher plants. Such fishes have been cultured without artificial feed but with pond fertilization.

Intensive system: - This system involves the adoption of full culture techniques including maximum feeding, water quality control, scientific pond design, full measure of stock manipulation, disease control, pond fertilization, scientific harvesting etc. With this system, maximum yield per unit of space and effort is a primary concern and highly nutritional artificial feed are used. The investment is quite huge i.e. it‟s characterized by high level of inputs and high rate of production. Examples are fish culture in spring-fed raceways, culture in recirculation system and net pens in the sea.

Semi-intensive system: - This system of farming takes full advantage of the natural productivity of the aquatic environment and as well as using prepared feed as supplements to increase yield further. The additional yield of fish resulting from additional feeding is profitable.

Design consideration in fish culture system

Culture practices also vary in magnitude and intensity, ranging from homestead (backyard) units to large scale commercial ventures. They include culture in raceway farms, culture in cage farm, pond culture, flow-through culture, culture in tank etc (Gupta and Gupta, 2006).

Raceway farms: - Raceway farms are farms designed or constructed in a way to have regular and abundant flow of good quality and well-oxygenated water. The main sources of water are springs, streams, deep wells or reservoirs. The raceway may be

„earthen‟ or made of concrete or cement blocks. The earthen raceways can be lined with plastic material to reduce loss of water through seepage. Raceway farms may be in series or parallel design and the design of a raceway requires the use of the contour of the land. Generally, a slope of 1-2% is suggested. One section of a raceway can be  about 30m long, 2.5-3.0m wide at the bottom and 1.0-2.0m deep. A raceway farm may consist of 15 to 20 or more segments. All segments should be straight so as to ensure uniform flow of water and each segment should have a separate feeder channel. Therefore, it is important to have water control structures or weirs to regulate the flow and depth of water. Such structures are reinforced concrete, concrete blocks, culverts and metal sheet. In order to ensure regular water supply to raceway farms, a storage reservoir proves to be beneficial, if it is constructed near the mouth or beginning of a raceway system. Similarly, a suitable suction device is important for cleaning raceway bottoms.

Cage farm: - This culture practice of raising fish is particularly unique in that the fish to be cultured are kept in cages of metal mesh, nylon or bamboo mesh, left in the

flowing water. Generally, floating-type of cages are used but submersible and rigid- walled cages are also used. The floating type consists of a floating unit in the form of a framework and a flexible mesh-net cage-bag suspended under it. The floating unit may consist of empty barrels and Styrofoam polythene pipes. Nylon is commonly used for the net but woven split bamboo or weld-mesh can also be used. Cages of underwater net volume of 200 and 500m3 are the most preferred ones. It‟s always advisable to have double netting, the outer one serving as a predator net to protect the inner one where the fish stock is kept. When welded, tubular metal or Poly Vinyl Chloride or fiberglass tubing is used for the framework, there is greater flexibility in shapes and sizes of the cages. There are seven ways of arranging the cages in a cage farm. It is advisable to moor cages to a jetty with easy approach, in order to facilitate work and reduce labour costs. Depending on the local conditions, the cage farms may also be installed farther away from the coast and there will be a floating house for the caretaker and a boat to have an access to the farm.
Pond farms: Ponds are bodies of quiet standing waters with only slight wind action. Most ponds used for fish culture are man-made. Ponds are of different categories e.g. embankment and excavated ponds. Embankment ponds are formed by building up a dam, dike or similar above ground structure to impound water. These are the most common ponds used for fish culture because they can be constructed in a great range or topographic conditions. Excavated ponds on the other hand, are ponds constructed by removing soil from an area to form a hole that is then filled with water. They are constructed in an area with a relatively flat topography and removal of water from such ponds is usually by pumping. The ponds may be rained and may have inlet and outlet systems for water supply. The water supply may be from a stream or from underground

wells. The water retaining ability of the pond depends on soil composition of pond bottom and subsoil water level. The natural biological productivity of such ponds depends on soil and water qualities. The carrying capacity of still-water ponds is enhanced by manuring/fertilization and ensuring water quality control.

Flow-through farms: - The real breakthrough in fish culture came with the construction of the flow-through system after realization that not the size of the water area but the quantity of water flowing through limited the yield. Fish culture in flow- through system is a type of intensive culture where the fishes are densely stocked in a long and narrow tank in which there is continuous and abundant flow of water. The fishes are stocked on the basis of the volume of inflowing water and they are fed pelletized and properly formulated feed. A continuous water flow ensures sufficient oxygen supply and flushes away metabolic wastes. The flow-through culture practice relies upon abundant and continuous water supply. The most intensive common carp production rate of 980 metric tons/hectare has been achieved at the Tanaka Running- water fish farm in Japan where there‟s plenty supply of running water of high dissolved oxygen content.

Tank farms: - As against the ponds, the tanks are made of concrete, fiberglass, marine plywood, metal or other hard substances. As regards their shape, the tank farms may be circular or rectangular in design.

Concrete cement tanks may be circular or rectangular. Water inlets are arranged on the wall in order to ensure proper circulation of water. Circular tanks used for catfish culture range up to 6m in diameter and 0.8m in depth, with a gradient of approximately 5cm from the circumference to the central drain. Rectangular tanks may be 8.0m long, 1.0m wide and 75cm deep. The bottom may be slopy towards one end or towards the middle for better cleaning and draining.

Fiberglass tanks are generally circular in outline and „fiberglass‟ is a popular material for tank construction as it is light and strong.

Fish culture management

Fish growth rate and yields from fish farming enclosures can be immensely increased through emphasizing adequate management techniques, steps or procedure that enhances maximum productivity. This involves manipulating a complex of physical, biological, chemical and environmental factors that promote high stocking rate, growth rate, survival rate, good pond structure and water quality (National Special Programme for Food Security, 2005). National Special Programme for Food Security also identified the following ten commandments of fish culture management for a successful fish farming enterprise:

Stock healthy and disease-free fingerlings, preferably obtained from fish hatcheries and not from the wild.

Avoid overcrowding, and stock correct number of fingerlings per unit area.

Maintain good water level and quality always.

Watch out for fish enemies (including human poachers) and eliminate or control undesirable and unwanted organisms inside and around the pond area.

Feed fish regularly from the same feeding spot by gradual broadcast.

Avoid excessive feeding in over to prevent pond fouling and pollution.

Replenish water if water colour is too deep, green or when fish begin to gather at the surface to gulp for air.

Watch fish behavior for any abnormalities and immediately remove diseased, dead or dying fish (or any other dead animal found in the pond area).

Maintain pond structures. Routinely check for blockages and damages and repair pond walls, pond bottom, screens, inlet and outlet water supply structures.

Keep accurate records of fish farming activities.

Species of Fish and Selection

To select an appropriate species of fish for culturing, consideration of farmer‟s knowledge; and previous experiences in fish farming are important. The availability and relatively easy access to seed stocks of appropriate species, when required, is another important consideration. Desirable characteristics for cultured species according to Australian Centre for International Agricultural Research (2006) include:

Fast growing and efficient converters of food enabling them to reach marketable size within a short period of time.

Market demand for that particular species because the ultimate goal of fish farming enterprise is to make profit.

Acceptance as food fish to the surrounding communities; this matters significantly if the cultured fish is different from the conventional food types of that particular geographical region, and if the consumers do not know how to process or cook the species in a suitable way.

Ability to co-exist with other species in a water body in order to maximize the use of available space and productivity; this is commonly known as polyculture. Since there are various forms of natural food items within a water body, different species consuming different food items can be farmed together without any conceivable competition for food and space.

Ability to depend on the available natural food resources within the water body in a short food chain i.e. fish species that depend on phytoplankton, zooplankton and detrital aggregates should be stocked rather than carnivorous species.

Fish seeds can be obtained from fish farms. The average production cycle form rearing egg to fingerling stage (1-5gram) requires six to eight weeks, while for table-size fish; it ranges from 5-9 months (600-1000gram) depending on the type of fish and culture practices. Ajana (1995) asserted that culturable fish species in Bayelsa state and Nigeria in particular are: Clarias gariepinus, Gymnarchus niloticus, Lates niloticus, Cyprinus carpio, Chana obscura, Tilapia niloticus, Tilapia galilea, Tilapia zili, Tilapia melanopleura, Labeo coubie, Bargus bagad, Clarotes laticeps, Citharinus spp.

Overview of Fish Production in Nigeria

In Nigeria, fish amounts to about one fifth of total animal protein supply and this will rise in about five folds over the next forty years from 20 million metric tons to 98 million metric tons by the year 2010 (FAO, 2000). Ajana (2002) reported that the average annual demand for fish in Nigeria between 1995 and 2000 was established at 1.22 million metric tons and that this might increase to about 1.425 million metric tons by the year 2005. Adamu (2007) reported that the actual total of domestic fish production in Nigeria in 2005 was about 579,500metric tons. Nnodim (2014) reported that domestic fish production in 2014 was about 800,000 metric tons.

Akpan (1973) studied pond fish culture in Western Nigeria and discovered that pond fish culture is a viable enterprise. He stated that a well-built fish dam is a lifetime investment fully capable of paying back its fixed (investment) cost in 5 to 10 years at maximum. With adequate management, a 4-hectare pond stocked with Tilapia, was according to him, capable of yielding a gross margin of N380 as against N850 when cultured with carp.
Esobhawan (1986) examined resource use efficiency in 47 fish farms in Bayelsa and Cross River States. The result of the study showed that resources were efficiently utilised in the two States. The computed elasticity of fish production showed that the fish farmers were operating in stage II of production, which is the rational stage of production. It was also observed that the fish farms enjoyed increasing returns to scale. The study proceeded to identify scarcity of feeds, inadequate training and insufficient supply of fingerlings as the main constraints hampering the development of fish farm in the two States.

Agbebi (2011) studied the impact of fish farming on poverty alleviation in Ekiti State, South-West, Nigeria. The study examined the level of fish production, socio-economic characteristics of fish farmers, fish culture management system and the contribution of fish farming to the livelihood of the poor through food supply, employment and trade. The result of the study indicated that a larger percentage of the fish farms were owned by individuals and average farm size of 28.5m2 was recorded while the gross margin analysis revealed a profit of N63,055.05. The study went further to  identify management lapses, disease outbreak, predators, poaching as factors that contributed to low profitability of fish farming. The study concluded by suggesting that there is  need to raise awareness of huge potential economic contribution of fish farming as it is currently unappreciated and ignored by policy makers and development professionals. Until fish farming is given the right attention it deserves, only then will its potential to
contribute towards poverty alleviation, entrepreneurship, self sufficiency in fish production and increased animal protein have brighter prospects of being realised.

From the above reviews of related studies, it is clearly seen that some works had been done on fish farming but not specifically on Akure South and Owo Local Government Areas which this study intends to do by carrying out an economic analysis of fish farming and its contributions to household poverty alleviation in the two Local Government Areas.

Problems militating against Fish Farming in Nigeria

In contrast to the rest of the world, per capita fish consumption in sub-Saharan Africa including Nigeria has declined to almost half of the global average and despite suitable natural conditions; aquaculture provides only 2 percent of the region‟s supply of fish and little economic growth, employment and foreign exchange (World Bank, 2006). Past aquaculture development efforts have largely failed due to weak institutions, poor access to finance and a heavy reliance on failing government extension services and seed production. The focus on subsistence aquaculture may also have been misguided, as it often lacks the driving force of market demand and impetus provided by commercial reality.

The use of many small production units, mainly earthen ponds of less than 0.04 hectare in size, characterizes fish farming in Nigeria and Bayelsa State in particular. Other notable constraints to fish farming in the Country are inadequate supply of high quality formulated fish feeds particularly for fingerlings and brood stock, inadequate credit facility, non availability of improved species of fingerlings, the use of rudimentary technologies, difficulty in accessing land for fish production and inadequate extension services (Tobor,1985). Also, fish farmers get little return for their efforts due to the activities of middlemen. Hence, there are low returns in terms of fish farm income to them. This, therefore, contributes to some forms of poverty among the fish farmers. Esobhawan (1986) identified scarcity of feeds, inadequate training and insufficient supply of fingerlings as the main constraints hampering the development of fish farming in Bayelsa State.

Poverty Profile of Nigeria

In spite of the fact that the Nigerian economy is paradoxically growing, the proportion of Nigerians living in poverty is increasing every year. The proportion of the population living below the poverty line increased significantly from 1980 to 2010 (National Bureau of Statistics, 2012) as shown in Table 2.3. NBS (2012) also reported that in terms of absolute poverty, 45.7% of Bayelsa State population are categorized as poor while 54.3% are classified as non poor.

Table 2. 3: Relative poverty headcount from 1980-2010

	Year
	Poverty Incidence (%)
	Estimated Population

(Million)
	Population in poverty

(Million)

	1980
	27.2
	65.0
	17.1

	1985
	46.3
	75.0
	34.7

	1992
	42.7
	91.5
	39.2

	1996
	65.6
	102.3
	67.1

	2004
	54.4
	126.3
	68.7

	2010
	69.0
	163.0
	112.5

	Source: National Bureau of Statistics, 2012.

Figure 2.1 shows the absolute poverty measure in Nigeria in 2010.
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Figure 2.1. Map of Nigeria: Absolute Poverty Measure in 2010.

Source: National Bureau of Statistics, 2012.

CHAPTER THREE

RESEARCH METHODOLOGY

3.1
INTRODUCTION


In this chapter, we described the research procedure for this study. A research methodology is a research process adopted or employed to systematically and scientifically present the results of a study to the research audience viz. a vis, the study beneficiaries.
3.2
RESEARCH DESIGN

Research designs are perceived to be an overall strategy adopted by the researcher whereby different components of the study are integrated in a logical manner to effectively address a research problem. In this study, the researcher employed the survey research design. This is due to the nature of the study whereby the opinion and views of people are sampled. According to Singleton & Straits, (2009), Survey research can use quantitative research strategies (e.g., using questionnaires with numerically rated items), qualitative research strategies (e.g., using open-ended questions), or both strategies (i.e., mixed methods). As it is often used to describe and explore human behaviour, surveys are therefore frequently used in social and psychological research.
3.3
POPULATION OF THE STUDY


According to Udoyen (2019), a study population is a group of elements or individuals as the case may be, who share similar characteristics. These similar features can include location, gender, age, sex or specific interest. The emphasis on study population is that it constitute of individuals or elements that are homogeneous in description. 


This study was carried out among prominent aquaculture status was attested to by Bayelsa State Fisheries Department of listed registered fish farmers.
3.4
SAMPLE SIZE DETERMINATION

A study sample is simply a systematic selected part of a population that infers its result on the population. In essence, it is that part of a whole that represents the whole and its members share characteristics in like similitude (Udoyen, 2019). In this study, the researcher adopted the convenient sampling method to determine the sample size. 
3.5
SAMPLE SIZE SELECTION TECHNIQUE AND PROCEDURE

According to Nwana (2005), sampling techniques are procedures adopted to systematically select the chosen sample in a specified away under controls. This research work adopted the convenience sampling technique in selecting the respondents from the total population.
In this study, the researcher adopted the convenient sampling method to determine the sample size. Out of all the entire population of This prominent aquaculture status was attested to by Bayelsa State Fisheries Department of 2013 listed registered fish farmers, the researcher conveniently selected 126 out of the overall population as the sample size for this study. According to Torty (2021), a sample of convenience is the terminology used to describe a sample in which elements have been selected from the target population on the basis of their accessibility or convenience to the researcher.
3.6 
RESEARCH INSTRUMENT AND ADMINISTRATION

The research instrument used in this study is the questionnaire. A survey containing series of questions were administered to the enrolled participants. The questionnaire was divided into two sections, the first section enquired about the responses demographic or personal data while the second sections were in line with the study objectives, aimed at providing answers to the research questions. Participants were required to respond by placing a tick at the appropriate column. The questionnaire was personally administered by the researcher.
3.7
METHOD OF DATA COLLECTION

Two methods of data collection which are primary source and secondary source were used to collect data. The primary sources was the use of questionnaires, while the secondary sources include textbooks, internet, journals, published and unpublished articles and government publications.
3.8
METHOD OF DATA ANALYSIS

The responses were analysed using the frequency tables, which provided answers to the research questions. Chi- square statistic is used to test the hypothesis.
3.9
VALIDITY OF THE STUDY

Validity referred here is the degree or extent to which an instrument actually measures what is intended to measure. An instrument is valid to the extent that is tailored to achieve the research objectives. The researcher constructed the questionnaire for the study and submitted to the project supervisor who used his intellectual knowledge to critically, analytically and logically examine the instruments relevance of the contents and statements and then made the instrument valid for the study.
3.10
RELIABILITY OF THE STUDY

The reliability of the research instrument was determined. The Pearson Correlation Coefficient was used to determine the reliability of the instrument. A co-efficient value of 0.68 indicated that the research instrument was relatively reliable. According to (Taber, 2017) the range of a reasonable reliability is between 0.67 and 0.87.
3.11
ETHICAL CONSIDERATION

The study was approved by the Project Committee of the Department.  Informed consent was obtained from all study participants before they were enrolled in the study. Permission was sought from the relevant authorities to carry out the study. Date to visit the place of study for questionnaire distribution was put in place in advance.

CHAPTER FOUR

DATA PRESENTATION AND ANALYSIS

This chapter presents the analysis of data derived through the questionnaire and key informant interview administered on the respondents in the study area. The analysis and interpretation were derived from the findings of the study. The data analysis depicts the simple frequency and percentage of the respondents as well as interpretation of the information gathered. A total of hundred and twenty (120) questionnaires were administered to respondents of which 100 were returned. The analysis of this study is based on the number returned.

4.1
DATA PRESENTATION

Table 4.1: Demographic data of respondents

	Demographic information
	Frequency
	percent

	Gender

Male
	
	

	
	60
	60%

	Female
	40
	40%

	Religion
	
	

	Christian
	100
	100%

	Muslim
	00
	00%

	Age
	
	

	18-25
	00
	00%

	26-35
	15
	15%

	36-40
	29
	29%

	41 +
	56
	56%

	Family Economic Status
	
	

	Very High
	24
	24%

	High
	32
	32%

	Very Low
	21
	21%

	Low
	23
	23%


Source: Field Survey, 2021
ANSWERING RESEARCH QUESTIONS

Question 1: What is the level of degradations of the inland areas in Nigeria?

Table 4.5: Respondent on question 1

	Options
	Frequency
	Percentage

	High
	61
	61

	Low
	17
	17

	Undecided
	22
	22

	Total
	100
	100


Source: Field Survey, 2021
From the responses obtained as expressed in the table above, 61 respondents constituting 61% said high. 17 respondents constituting 17% said low. While the remain 22 respondents constituting 22% were undecided.

Question 2: What is the process of aquaculture development in degraded inland areas in Nigeria?

Table 4.2: Respondent on question 2

	Options
	Frequency
	Percentage

	Improve water quality
	48
	48

	Control of disease infestation
	30
	30

	Improve the Technical expertise
	22
	22

	Total
	100
	100


Source: Field Survey, 2021
From the responses obtained as expressed in the table above, 48 respondents constituting 48% said Improve water quality. While 22 respondents constituting 22% said It contains information sourced from experts. The remaining 30 respondent said Improvement in the Technical expertise.

Research question 3: What are the effects of degraded inland area on aquaculture development in Nigeria?
Table 4.6: Respondent on question 3

	Options
	Frequency
	Percentage

	Positive 
	60
	60

	Negative
	20
	20

	Undecided
	20
	20

	Total
	100
	100


Source: Field Survey, 2021
From the responses obtained as expressed in the table above, 60 respondents constituting 60% said positive effect. 20 respondents constituting 20% said negative effect. While the remain 20 respondents constituting 20% were undecided.

CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS:

5.1 Introduction

This chapter summarizes the findings on the Developing Aquaculture In Degraded Inland Areas In Nigeria, Bayelsa State as case study. The chapter consists of summary of the study, conclusions, and recommendations.

5.2 Summary of the Study

In this study, our focus was on the Developing Aquaculture In Degraded Inland Areas In Nigeria, Bayelsa State as case study. The study is was specifically focused on examining the level of degradations of the inland areas in Nigeria; examining the process of aquaculture development in degraded inland areas in Nigeria and identifying the effect of degraded inland area on aquaculture development in Nigeria.
The study adopted the survey research design and randomly enrolled participants in the study. A total of 100 responses were validated from the enrolled participants where all respondent are registered fish farmers Bayelsa State.

5.3 Conclusions

With respect to the analysis and the findings of this study, the following conclusions emerged;
It is increasingly necessary, first to monitor the state of the aquatic ecosystem, and then to manage human interventions (including those by fishers) within that ecosystem. Only within such a framework will it be possible for capture fisheries to continue to be a source of food and income for future generations. Pollution of inland waters in Africa, in contrast to the situation in most developed countries, is often the result of poverty, socio-economic underdevelopment and lack of planning, and in comparison with temperate regions, there are relatively few studies concerning contamination of African inland waters.

Nigeria’s aquatic ecosystems are currently under threat of localized or widespread physical, organic, and biological pollution. Most of the freshwater ecosystem in the country is subject to various pressures from human activity and, like most developing countries, Nigeria lacks funds for sustained research and routine monitoring of inland waters for pollution and pollutants. With the expected increase in urbanization and socio-economic activities around tropical inland waters, there is a need for increased under- standing of inputs, distribution, and fate of contaminants (Biney et al., 1994). Special care should be taken to keep fish habitats clean because fish are particularly sensitive to water pollution. They are also vulnerable to variations in water levels and temperature, particularly during spawning.

Data from industrialized countries situated in temperate ecosystems can be applied, but with caution, to tropical conditions: toxicity; persistence and accu- mulation rates probably differ. More work is therefore needed, to step up environmental research, legislation, and monitoring and control if Nigeria’s aquatic system is to be soundly managed.
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QUESTIONNAIRE

PLEASE TICK [√] YOUR MOST PREFERRED CHOICE AND AVOID TICKING TWICE ON A QUESTION

SECTION A

PERSONAL INFORMATION

Gender

Male [  ]
Female [  ]

Age 

18-25
[  ]

20-30
[  ]

31-40
[  ]

41 and above [  ]

Educational level

WAEC
[  ]

BSC/HND
[  ]

MSC/PGDE
[  ]

PHD

[  ]

Others……………………………………………….. (please indicate)

Marital Status

Single
[  ]

Married [  ]

Separated [  ]

Widowed [  ]

Duration of Service

0-2 years [  ]

2-5 years [  ]

5 and above [  ]

Section B

Question 1: What is the level of degradations of the inland areas in Nigeria?

	Options
	PLEASE TICK

	High
	

	Low
	

	Undecided
	


Question 2: What is the process of aquaculture development in degraded inland areas in Nigeria?

	Options
	PLEASE TICK

	Improve water quality
	

	Control of disease infestation
	

	Improve the Technical expertise
	


Research question 3: What are the effects of degraded inland area on aquaculture development in Nigeria?
	Options
	PLEASE TICK

	Positive 
	

	Negative
	

	Undecided
	


