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Abstract 
As the global population increases, there will be corresponding increase in demand for food most 

especially protein. Production from fisheries is crucial for food security in the face of current increase in 

population. Despite the reliability on fisheries and aquaculture to supply the animal protein needed by the 

world population, climate change has significantly reduced production and increase instability in the 

sector. In order to achieve food security and fisheries development goal, climate smart aquaculture which 

is an adaptation to climate change will be necessary. This review therefore discusses climate smart 

aquaculture as veritable approach to increasing fish production in the face of climate change trend in 

Nigeria. 

A number of changes already evident can be attributed to climate change; drastic change in weather 

condition, reduction in water levels, changes in hydrological regimes of inland water, heavy wind storm, 

excessive sunshine, increased incidence of flooding and drought. The effects of these changes have 

resulted in changes in ocean fish productivity, fish disease infestation and reduction of production from 

inland and aquaculture systems. 

Climate smart adaptation and mitigation strategies has helped to increase the resilience and adaptive 

capacity of communities and ecosystems, examples of such strategies include adopted strategies in the 

Niger-Delta region of Nigeria where about 80% of fish farmers were reported to have adopted strategies 

such as use of tarpaulin/tank ponds during dry weathers, about 70% have adapted by adjusting time of 

stocking while 60% stocked fish species that can better adapted to climate change impacts. Other 

adaptations strategies include erection of cover/shades over ponds, digging boreholes/wells to supply 

water during dry weathers and well-structured drainage system to guide against flooding. Integrated 

aquaculture is also an important adaptive measure which has gained huge popularity in Nigeria. The use 

of low carbon producing energy source in the production and processing of product from aquaculture is a 

viable means to mitigate against climate change, example include the use of gas or electricity rather than 

charcoal in fish smoking. Aquaculture waste water treatment before discharge is also a good mitigation 

practice been recently developed. 

Climate change will have significant impacts on fisheries and aquaculture in Nigeria. Climate smart 

aquaculture will respond to these changes by boosting adaptive capacity and resilience both of 

communities and the ecosystems on which they depend. It is important therefore to ensure adaptation and 

mitigation in response to climate change so as to safeguard sustainable fish production and food security 

improvement. 
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1. Introduction 

It is now widely accepted that climate change is no longer simply a potential threat, it is 

unavoidable; a consequence of 200 years of excessive greenhouse gas (GHG) emissions from 

fossil fuel combustion in energy generation, transport and industry, deforestation and intensive 

agriculture (IPCC, 2007) [26, 27]. Small-scale fisheries and aquaculture have contributed little to 

the causes of climate change but will be amongst the first sectors to be affected the most. In 

Nigeria, climate change have significant impacts on Nigeria’s freshwater and marine aquatic 

systems and hence has an adverse effect on the country’s fisheries and aquaculture (FDF, 

2007) [20]. The effects of these change has resulted in elevated water temperatures (IPCC, 

2007) [26, 27] which affects fish physiological processes, thereby affecting spawning, survival of 

the juveniles, recruit into the exploitable phase of population, population size, production and 

yield (Tubiello and Fischer, 2007) [32, 34]. The impacts of increased flooding of the freshwater  
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bodies has been negative through erosion of watershed, 

destruction of fish feeding and breeding habitats, decrease in 

primary productivity and alteration of the normal resilience of 

the aquatic systems, or positive in expansion of aquatic 

habitats for primary and fish productions especially during the 

dry season (Tubiello and Fischer, 2007) [34, 32]. Drought 

incidence draws down the lakes and gives rise to insufficient 

flow in the river basins for spawning and primary production 

thereby affecting fish production reservoirs (Few et al., 2004) 
[21]. Rise in the water level of the Atlantic ocean lead to 

intrusion of more salty water into the river delta areas and 

inundation of the coastal low-lying areas, thus affecting 

distribution of both the freshwater and marine fishes as a result 

of changes in the physical and chemical properties of the 

waters (Ozor, 2009) [30]. The impacts ultimately affect fish 

population, production and supply, thereby affecting the 

livelihoods of over 26 million people engaged in the primary 

and secondary sectors of the fisheries industry, as well as food 

security of the country (IFC. 2003). Considering the 

importance of fish sector to Nigeria economy: provision of 

food supplies, enhancing food security, creation of 

employment opportunity and income generation, the sector has 

thus contributed 3-4% of Gross Domestic Product as it 

occupies a very significant position in the primary sector 

providing employment for over a million people (FDF, 2008) 
[19] and contributing about 50% of the animal protein intake of 

the population, particularly the resource poor (IFC. 2003). It is 

important to safeguard the sector from the effect of climate 

change whose threat have started been felt by small scale 

fisheries investors and resource poor fisher folks. Innovative 

policies and investment programmes are needed to help the 

rural poor respond and adapt to a changing climate, and 

anticipate, absorb and recover from climate shocks and 

stresses. Strategic plan is needed to combat the observable and 

projected impacts of climate change on fisheries and 

aquaculture in order to protect the livelihoods of the fishing 

communities and food security. 

 

2. Importance of Fisheries and Aquaculture in Nigeria  

Fisheries occupy a unique position in the agricultural sector of 

the Nigerian economy. In terms of gross domestic product 

(GDP), the fisheries sub-sector has recorded the fastest growth 

rate in agriculture to the GDP. The contribution of the fisheries 

sub-sector to agriculture GDP was estimated as 4.0% in the 

year 2007, out of the total estimate of 40% being contributed 

by agriculture to GDP (FDF, 2007) [20]. The Food and 

Agricultural Organization of the United Nations (FAO, 2007) 
[23]. stated that Nigeria is a protein-deficient country. However, 

fish is an important source of protein to the large growing 

population of Nigeria. Fish provides 40% of the dietary intake 

of animal protein to the average Nigerian (FDF, 2008) [19]. 

According to Adekoya and Miller (2004) [1], fish and fish 

products constitute more than 60% of the total protein intake 

in adults especially in rural areas. Because of its greater 

digestibility, fish is usually recommended to patients with 

digestive disorders such as ulcers (Eyo, 2001) [10]. Food fish 

has a nutrient profile superior to all terrestrial meats (Beef, 

pork and chicken among others) being an excellent source of 

high quality animal protein and highly digestible energy. It is a 

good source of sulphur and essential amino acids such as 

lysine, leucine, valine and arginine. It is therefore suitable for 

supplementing diets of high carbohydrates contents 

(Amiengheme, 2005) [2]. From the economic point of view, 

fishery contributes to provision of employment and has added 

to economic development through trade for export market. 

 

3. Nigeria Fisheries Production  
Nigerians are large fish consumers with a total consumption at 

more than 1.36 million metric tons. Fish imports is making up 

about three fifths (740,000 MT) of the fish supply. Although 

the contribution of fisheries to the Gross Domestic Product is 

only 3-4%, it occupies a very significant position in the 

primary sector providing employment for over a million 

people and contributing about 50% of the animal protein 

intake of the population, particularly the resource poor (FDF, 

2007) [20]. Furthermore, fisheries in the Nigerian economy 

show that there is already a demand / supply deficit of over 

60%. There is in addition, steady decline in capture fisheries 

sources, due to normal global trends which are aggravated by 

specific local disturbances in Nigerian coastal and offshore 

waters. This scenario has led to a shift in focus to inland water 

resources especially aquaculture, which efforts have yielded 

encouraging results in the past few years. Nigeria has increase 

fish production level of 25,720 metric tons in 2000 to 56,355 

metric tons in 2005 to 85,087 million tons (FDF, 2007) [20]. 

This upward trend is expected to continue and there is a 

subsisting Government directive on the fisheries 

administration to among other things; “Review the existing 

National fisheries Policy and formulate strategies and plans for 

sustainable fisheries management and development in the 

country.” However, out of the sub-sectoral sources, 

aquaculture has the greatest and fastest potential for growth. 

 

4. Aquaculture Production in Nigeria    
Aquaculture in Nigeria started in Panyam fish farm in Jos in 

1951. Fish production from aquaculture ranges from 15,840 

metric tonnes in 1991 to 25,720 mt in the year 2000 and 

86,350mt in 2009 (FDF, 2009) [18]. Production varies from 

0.5mt/ha in small scale to 10mt/ha in large scale for earthen 

ponds and this largely depends on level of management 

intensity (Anetekhai et al., 2004) [3]. Tilapia and clariid are the 

most culturarable species in Nigeria (Fatunroti, 2010). The 

culture of clariid catfish has grown rapidly in the country since 

1985 with a total production of 61,916mt valued at US86 

million in 2007. This has made Nigeria the highest producer of 

Catfish in Africa (FAO, 2009) 

 

5. The Concept of Climate Change 

Climate change refers to changes in climate brought about by 

anthropogenic activities and natural variation that alters the 

composition of the global atmosphere observed over 

comparable period of time (IPCC, 2001) [25]. Although the 

length of time it takes the changes to manifest matters, the 

level of deviation from the normal and its impacts on the 

ecology are most paramount. This prompted Ayoade (2003) to 

state that secular variations in climate occurring over a period 

of 100 to 150 years may not qualify as a climate change if 

conditions will quickly reverse later, but a change in climate 

usually takes place over a long period of time of at least 150 

years with clear and permanent impacts on the ecosystem.  

 

6. Causes of Climate Change   

Climate can change because of natural processes (bio-

geographical) and human activities (anthropogenic). The 

natural processes are the astronomical, the extraterrestrial 

factors and volcanic eruption. The astronomical factors include 

the changes in the eccentricity of the earth’s orbit, the way the 

continents is arranged, changes in the obliquity of the plane of 
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ecliptic and changes in orbital procession, while the extra-

terrestrial factors are solar radiation quantity and quality 

among others. On the other hand, the anthropogenic factor in 

climate change involves human activities that either emit large 

amount of greenhouse gases (GHG); carbon (IV) oxide (CO2), 

methane (CH4), chlorofluorocarbons (CFCs) and nitrous oxide 

(N2O) among others into the atmosphere that depletes the 

ozone layer or activities that reduce the amount of carbons 

absorbed from the atmosphere (Cunningham and Cunningham, 

2004) [6]. The human factors that emit large amounts of 

greenhouse gases include industrialization, burning of fossil 

fuel, gas flaring, urbanization and agriculture. On the other 

hand, human activities that reduce the amount of carbon sinks 

are deforestation, alterations in land use, water pollution and 

agricultural practices (Cunningham and Cunningham, 2004) 
[6].   

 

7. Impact of Climate Change on Fisheries and Aquaculture  

The impacts of the accumulation of GHGs in the atmosphere 

and water relate to a number of physical phenomena including 

gradual changes in water temperature, acidification of water 

bodies, changes in ocean currents and rising sea levels. These 

physical changes affect ecological functions within aquatic 

systems and the frequency, intensity and location of extreme 

weather events (Cochrane et al., 2009) [5, 7, 16]. 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 (MAB, 2009) [28]. The aquatic ecosystem is 

however extremely vulnerable to changes in primary 

production and the manner in which such production is 

transferred through the aquatic food chain. They are also 

vulnerable to changes in the physical and chemical parameters 

of the ecosystems, including temperature, salinity, acidity, and 

water levels and flows. The physical and chemical parameters 

are however directly responsible for the productivity and 

survivability of the biological organism which include fish and 

aquatic invertebrate. Because marine fish and aquatic 

invertebrates are cold blooded, their internal temperature 

varies with their environment. This makes them very sensitive 

to their environment. When changes do occur fish moves to 

areas where the external temperature allows them to regain 

their preferred internal temperature. This “behavioural 

thermoregulation” (Roessig et al., 2004) [31] is resulting in 

rapid migrations poleward or into cooler bodies of water 

(FAO, 2008a) [13-15], corresponding to the poleward shift of 

climatic zones. Primary productivity is also affected by 

availability of nutrients in the marine environment, which in 

turn depends on freshwater run-off and ocean mixing as well 

as levels of light and temperature. With climate change, 

primary productivity is predicted to decline at lower latitudes 

(FAO, 2008a) [13-15], where the majority of the world’s small-

scale fisheries are located, reducing the productivity of the 

fisheries. Increased frequency of extreme weather events will 

also affect the safety of fishers, damage homes, services and 

infrastructure, particularly in coastal areas (IPCC, 2007a) [26, 

27]. and will also damage many coastal ecosystems including 

mangroves and reefs.  

Aquaculture is also exposed to direct and indirect impacts of 

climatic change, although fewer features and consequences of 

climate change affect this sector due to a greater level of 

human control (De Silva and Soto, 2009) [7]. The vulnerability 

of aquaculture-based communities is primarily a function of 

their exposure to extreme weather events, as well as the impact 

of climate change on the natural resources required to 

undertake aquaculture, such as quality water, land, seed, feed 

and energy (Easterling et al. 2007). However changes in 

rainfall will cause a spectrum of changes in water availability 

ranging from droughts and shortages to floods and will reduce 

water quality, while salinization of groundwater supplies and 

the movement of saline water further upstream in rivers caused 

by rising sea levels will threaten inland freshwater aquaculture 

(IPCC, 2007a) [26, 27]. Increased run-off bringing in nutrients 

from sewage or agricultural fertilizers may cause algal blooms 

which in turn lead to reduced levels of dissolved oxygen and 

‘fish kills’ (Diersing, 2009) [8, 9]. Rising temperatures similarly 

reduces level of dissolved oxygen and increases metabolic 

rates of fish, leading to increases in fish deaths, declines in 

production or increases in feed requirements and also increase 

risk and spread of disease (FAO, 2008a) [13-15] Coastal 

aquaculture will be exposed to major economic losses from 

extreme weather events and red tides, the frequency and 

severity of which are likely to increase (Roessig et al., 2004) 
[31]. However, not all of the changes will be negative. As sea 

levels rise, flooding of low lying areas and salinization of 

groundwater and soil will create ideal conditions for 

aquaculture in many areas (MAB, 2009) [28], while 

simultaneously rendering them unsuitable for regular 

agriculture. 

 

8. Climate Smart Aquaculture (CSA)   

Climate-Smart Aquaculture is aim to support food security 

taking into account the need for adaptation and the potential 

for mitigation. CSA addresses the challenges of building 

synergies between the related objectives of climate change 

mitigation, adaptation and productivity and income increase, 

and minimizing their potential negative trade-offs. Climate-

smart fisheries and aquaculture will require: improving 

efficiency in the use of natural resources to produce fish and 

aquatic foods; maintaining the resilience aquatic systems and 

the communities that rely on them to allow the sector to 

continue contributing to sustainable development; and gaining 

an understanding of the ways to reduce effectively the 

vulnerability of those most likely to be negatively impacted by 

climate change. Examples of tactics for attaining CSA 

objectives in respect to fisheries include: the reduction of 

excess capacity and the implementation of fishing activities 

that are linked with improved fisheries management and 

healthy stocks; increased production efficiency through better 

integrated systems; improved feeding and reduced losses from 

disease in aquaculture; the reduction of postharvest and 

production losses; and the further development of regional 

trade. The transition to CSA in fisheries and aquaculture will 

need to take place at all levels (individual, business, 

community, national and regional) and time scales. All 

stakeholders from private and public sectors will need to be 

involved in the development of context-specific options to 

ensure the fisheries and aquaculture sector is climate-smart. To 

make the transition to CSA in fisheries and aquaculture, it will 

be necessary to ensure that the most vulnerable states, 

production systems, communities and stakeholders have the 

potential to develop and apply CSA approaches. Markets and 

trade may help buffer the impact of changes in production that 

affect food security, consumer prices and supply-demand gaps. 

However, the implications of climate change impacts and 

climate change policies on the entire supply and value chain 

need to be better understood. Appropriate policy measures 

need to be defined and implemented. 
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8.1 Adaptation 

Adaptation is defined as activities that aim “to reduce the 

vulnerability of human or natural systems to the impacts of 

climate change and climate-related risks, by maintaining or 

increasing adaptive capacity and systems resilience” (OECD-

DAC, 2011) [29]. 
 

8.1.2 Adaptation Strategies  

 Addressing drivers of vulnerability 

 Diversify sources of household income 

 Participate in income stabilization programmes  

 Introduce social protection initiatives 

 Promote community based risk management measures to 

face production failure and price of product  

 Develop innovative risk financing instruments and 

insurance schemes to reduce climate-related risks 
  

 Building response capacity 

 Conservation of genetic resources 

 Implement co-management systems 
  

 Managing climate risk 

 Disaster risk reduction 

 Disaster risk management  
 

8.2 Mitigation Strategies  
Mitigation promotes efforts to reduce or limit greenhouse gas 

emissions or to enhance greenhouse gas sequestration” 

including “technological changes that reduce resource inputs 

and emissions per unit of output” (OECD-DAC, 2011) [29]. 
 

Three major options to mitigate climate change are: 

 Reducing emission 

 Adopting improved aquaculture management 
 

 Avoiding or Displacing emission 

 reducing post-harvest lost 

 Use of fishing practices that adhere to principles of the 

code of conduct for responsible fisheries 

 Removing emission 

 Replanting mangroves in aquaculture area 
 

9. Success of CSA in Nigeria 

 The use of tapaulin lined pond has helped in all year 

round fish production during dry season. This is a method 

that is being practiced at CHI Limited, Nigeria, 

 At University of Ibadan, Nigeria, Integrated aquaculture 

has encouraged increased food production and investment 

profitability. 

 Zartech Limited, Nigeria, employs treatment of fish 

production waste water before discharge, thereby avoiding 

pollution of surrounding water bodies. 

 The use of gas powered smoking kiln has been developed 

for use at the Nigeria institute for fresh water resources 

research in Niger state. 

 In a research conducted by Thaddeus et al, (2012) [33] in 

Niger-Delta region of Nigeria shows that: 

 85% of fish farmers in the region have adopted the use of 

tarpaulin ponds during dry weather. 

 80% have adapted by adjusting time of stocking. 

 57.5% adapted by erecting shades over pond. 

 

10. Constraint to Climate Smart Aquaculture  

 Additional costs in the beginning  

 Tenure insecurity in formal and informal tenure systems  

 Prohibitive cultural factors, such as community norms and 

rules  

 Scarce information and limited access to extension 

services  

 Limited availability of inputs in local markets, absence of 

credit/insurance markets. 

 

11. Conclusion  
Climate change is a serious challenge for the continent of 

Africa Nigeria inclusive. Impact of climate change has limited 

sustainable production of fisheries and aquaculture. There is 

need to adopt climate smart approach because it combines 

adaptation and mitigation in a way that enhance sustainable 

fisheries production in the face of climatic change. Also, 

awareness on the climate smart approach is relatively low. 

Increased awareness on climate smart approaches in fisheries 

sector have potentials for enhancing food security and 

sustainable better livelihood for farmers. 

 

12. Recommendation 

Creation of easily accessed Regional, national and local 

depositories for climate and allied data will be necessary so as 

to increase capacity in information technology and modeling 

of climate change data. Suitable adaptation and mitigation 

measures should be site specific to respond to anticipated 

changes in rainfall and temperature in Nigeria. Models for 

sustainable fisheries management and aquatic resources 

conservation would be required for regeneration of fish stocks 

and ecosystems.  

 

13. References        

1. Adekoya BB, Miller JW. Fish cage culture potential in 

Nigeria-an overview.  National cultures. Agriculture 

Focus, 2004; 1(5):10. 

2. Amiengheme P. The Importance of Fish in Human 

Nutrition. A Paper Delivered at a Fish Culture Forum, 

Federal Department of Fish Farmers, Abuja, 2005. 

3. Anetekhai MA, Akin-Oriola GA, Aderiola OJ, Akinola 

SL. Step ahead of Aquaculture Development in Sub-

Saharan Africa-the case of Nigeria Aquaculture 2004; 

239:237-248. 

4. Ayoade JO. Introduction to Climatology for the Tropics 

Publication by Spectrum Books Limited Lagos, 2014. 

5. Cochrane K, De Young C, Soto D, Bahri T. Climate 

change implications for fisheries and aquaculture: 

overview of current scientific knowledge. Fisheries and 

Aquaculture Technical Rome, FAO. 2009; 530:212 

(available at 

ftp://ftp.fao.org/docrep/fao/012/i0994e/i0994e.pdf) 

6. Cunningham WP, Cunningham MA. Principles of 

Environmental Science: Inquiry and Applications. 

McGraw-Hill, New York. 2nd Ed, 2004. 

7. De Silva SS, Soto D. Climate change and aquaculture: 

Potential impacts, adaptation  and mitigation. In Climate 

change implications for fisheries and aquaculture: 

overview of  current scientific knowledge, eds. K. 

Cochrane, C. De Young, D. Soto, and T. Bahri.  FAO 

Fisheries and Aquaculture Technical FAO, Rome. 2009; 

530:151-212. 

8. Diersing N. Phytoplankton Blooms: The Basics. Florida 

Keys National Marine  Sanctuary, Key West, 

Florida, USA, 2009, 2. Available at: 

http://floridakeys.noaa.gov/pdfs/wqpb.pdf. Date accessed: 

6 December 2010. 



 

~ 448 ~ 

International Journal of Fisheries and Aquatic Studies 

9. Diersing N. Phytoplankton Blooms: The Basics. Florida 

Keys National Marine Sanctuary, Key West, Florida, 

USA, 2009, 2 Available at: 

http://floridakeys.noaa.gov/pdfs/wqpb.pdf. Date accessed: 

6 December 2010.  

10. Eyo AA. Fish processing technology in the tropics. 

University of Ilorin press, Nigeria. 2001, 403. 

11. FAO. Year Book of Fishery Statistics Summary Table, 

2006. Available online at: 

hppt://www.fao.org/fi/statist.asp. 

12. FAO Climate change implications for fisheries and 

aquaculture. In: The State of Fisheries and Aquaculture 

2008. FAO, Rome, Italy, 2008, 87-91.  

13. FAO Climate change for fisheries and aquaculture. 

Technical background document from the Expert 

Consultation, 7 to 9 April 2008, FAO, Rome. Paper 

presented at ‘Climate Change, Energy and Food’, High-

level Conference on Food Security: The challenges of 

limate change and bioenergy, Rome, Italy, 2008, 3-5. 

Available at: 

ftp://ftp.fao.org/docrep/fao/meeting/013/ai787e.pdf. Date 

accessed: 6 December 2010 

14. FAO Options for decision makers. Workshop on Climate 

Change and Fisheries and Aquaculture, FAO 

Headquarters, Rome, FAO, Rome, Italy, 2008; 7(9):5. 

Available at: 

http://www.fao.org/fileadmin/user_upload/foodclimate/pr

esentations/fish/OptionsEM7.pdf. Date accessed: 6 

December 2010.  

15. FAO The State of World Fisheries and Aquaculture 2008. 

FAO, Rome, Italy, 2009, 176. 

16. FAO Climate change implications for fisheries and 

aquaculture: overview of current scientific knowledge (K. 

Cochrane, C. De Young, D. Soto and T. Bahri, eds.). FAO 

Fisheries and Aquaculture Technical Paper No. 530. FAO, 

Rome, Italy, 2009, 212.  

17. FDA Introduction to FCA Import refusal report, 2002. 

(IRR) http:/www.fda.gov/ora (oasis refintro.html). 

18. FDF. Publication of the federal department of Fisheries 

for year 2009, Victoria Island  Lagos, 2009; 7:23-25. 

19. FDF. Fishery Statistics of Nigeria. 4th Ed., Federal 

Department of Fisheries, Abuja, Nigeria, 2008; 49. 

20. Federal Department of Fisheries Fisheries statistic of 

Nigeria. Projected human population, fish demand and 

supply in Nigeria, 2000-2015, 2007. 

21. Few RM, Ahern F, Matthies, Kovats S. Floods, health and 

climate change: a strategic review. Working Tyndall 

Centre for Climate Change Research, University of 

EastAnglia, Norwich, 2004; 63:138. 

22. Food and Agricultural Organization Assessment and 

management of seafood safety and quality. Fisheries 

Technical 2004; 444:1. 

23. Food and Agriculture Organisation FAO Publication of 

the Food and  Agriculture Organization of the 

United State, 2007. 

24. IDB Pilot adaptation measures to climate change in the 

water sector. Project BOG1001, 2011. 

25. IPCC. Climate Change 2001: Impacts, Adaptation and 

Vulnerability, Working Group II  Contribution to 

the Third Assessment Report of the Intergovernmental 

Panel on Climate  Change, Adaptation to Climate 

Change in the Context of Sustainable Development and 

Equity, Cambridge University Press, Cambridge, 2001; 

18:877-912. 

26. IPCC Climate Change 2007: Synthesis Report- 

Contribution of Working Groups I, II, and III to the 

Fourth Intergovernmental Panel on Climate Change. Core 

Writing Team: R.K. Pauchauri and A. Reisinger, eds. 

IPCC, Geneva, Switzerland, 2007, 8.  

27. IPCC Summary for policymakers. In: Climate Change 

The Physical Science Basis. Contribution of the Working 

Group I to the Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change (S. Solomon, 

D. Qin, M. Manning et al., eds.). Cambridge University 

Press, Cambridge, UK, 2007, 22. Available at: 

http://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-

wg1-spm.pdf. Date accessed: 6 December 2010.  

28. Multi-Agency Brief (MAB). Fisheries and Aquaculture in 

a Changing Climate, 2009. Available  at: 

ftp://ftp.fao.org/ 

FI/brochure/climate_change/policy_brief.pdf. 

29. OECD-DAC. Tracking aid in support of climate change 

mitigation and adaptation in  developing countries, 

2011. Retrieved 10 June 2001, from 

http://www.oecd.org/dataoecd/33/60/45906157.pdf 

30. Ozor N. Understanding climate change. Implications for 

Nigerian Agriculture, policy  and Extension. Paper 

presented at the National conference on climate change 

and the  Nigeria Environment. Organized by the 

Department of geography, university of Nigeria,  Nsukka, 

2009, 2. 

31. Roessig JM, Woodley CM, Cech JJ, Hansen LJ. Effects of 

global climate  change on marine and estuarine 

fishes and fisheries. Reviews in Fish Biology and 

Fisheries 2004; 14:251-275. 

32. Soussana J, Schmidhuber, Tubiello FN. Food, fibre and 

forest products. Climate  Change 2007: Impacts, 

Adaptation and Vulnerability. Contribution of Working 

Group II  to the Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change, eds, 2007. 

M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der 

Linden, and C.E. Hanson.  Cambridge, UK: 

Cambridge University Press. wg2/a r4-wg2-cha pter5.pdf. 

33. Thaddeus CN, Chukwudumebi LE, Nnaemeka AC, 

Victoria CA. Farmers'  Perception of Climate 

Change Governance and Adaptation  Constraints in 

Niger Delta  Region of Nigeria, Africa Technology Policy 

Studies Network, Research Washington DC, US: Inter-

American Development Bank  (IADB). 2012, 7. 

34. Tubiello FN, Fischer G. Reducing climate change impacts 

on Agriculture: Global and regional effects of mitigations, 

2000-2080, Technological Forecasting and Social Change 

2007; 74:1030-56. 
 


