Summary of HLC/08/BAK/6: The Importance of Fisheries and Aquaculture to Livelihoods and Food Security
Fisheries and aquaculture play an important but often unsung role in economies around the world, in both developed and developing countries. Easily overlooked and often underreported, the sector is threatened by external factors such as pollution runoff, land-use transformation and competing aquatic resource uses upon which the impacts of climate changes could have an important compounding effect.
Production and trade of aquatic product:
• Aquatic products are among the most widely traded foods. About 40% of global production enters international trade.

• Fishery trade is particularly important as a source of foreign currency for developing countries. 
• Capture fisheries production in 2006 was 92 million tonnes, which represented a small decline from 2005

• Aquaculture production continues to grow more rapidly than all other animal food producing sectors.
• If growth in aquaculture can be sustained, it is likely to fulfil the increasing demand for aquatic food supplies by supplying more than 50% of aquatic food consumption by 2015.

Contribution to GDP and livelihood
• The fisheries and aquaculture sector contribution to GDP typically ranges from around 0.5 to 2.5%, but may exceed 7% in some countries, similar to agricultural sector GDP.

• Currently, an estimated 42 million people work full or part time as fishers and fish farmers, with the great majority in developing countries, principally in Asia. Hundreds of millions of other people work in the sector in associated activities

• Growth in sector employment, largely outpacing that of agriculture, has been mainly in small-scale fisheries and in the aquaculture sector in the developing world.
Fishery products and food security

• Fish is highly nutritious, rich in micronutrients, minerals, essential fatty acids and proteins. It represents a valuable supplement to diets that otherwise lack essential vitamins and minerals.

• Fish products provide more than 2.8 billion people (2.6 billion from developing countries) with about 20% of their average per capita intake of animal protein.

• Fish contributes to, or exceeds, 50% of total animal protein intake in some small island and other developing states.

Why separate out climate change implications for fisheries and aquaculture from other food production systems?
Wild capture fisheries are fundamentally different from other food production systems in their linkages and responses to climate change and in the food security outcomes. Aquaculture also has strong links to capture fisheries (e.g. for inputs), and both feed into distinct and specialized post-harvest and market chains. Conclusions on food supply and security based on terrestrial contexts usually cannot be applied directly to the sector, indicating that special consideration is needed to ensure policy and management responses are effective.
Unlike most terrestrial animals, all aquatic animal species for human consumption are poikilothermic, meaning their body temperatures vary with the ambient temperature. Any changes in habitat temperatures will significantly influence metabolism and, hence, growth rate, total production, reproduction seasonality and possibly reproductive efficacy, and susceptibility to diseases and toxins. Climate change-induced temperature variations will therefore have a much stronger impact on the spatial distribution of fishing and aquaculture activities and on their productivity and yields.

Climate change may also offer win-win outcomes where adaptation or mitigation measures improve economic efficiency and resilience to climatic and other change vectors. For example, this could include decreasing fishing effort to sustainable levels, decreasing fuel use and hence CO2 emissions, or reducing aquaculture dependence on fishmeal or oils.
Physical And Ecological Impacts Of Climate Change On Marine And Inland Ecosystems And Fishery Resources
Changes in physical environments: The oceans are warming, but with geographical differences and some decadal variability. Changes in ocean salinity have been observed, while oceans are also becoming more acidic, with likely negative consequences to many coral reef. Global average sea level has been rising since 1961, but the rate has been accelerated since 1993.

Many lakes have shown moderate to strong warming since the 1960s. There are particular concerns for African lakes. Likewise, wetlands and shallow rivers are susceptible to changes in temperature and precipitation and water levels may drop to the point of completely drying out more completely in dry seasons. Changes in flood areas, timing and duration are also expected.
Changes in biological functions and fish stocks: Most models predict a slight decrease in primary production in the seas and oceans and many models predict composition shifts to smaller phytoplankton which are likely to lead to changes in food webs in general. Changes in fish distributions in response to climate variations have been observed.
Ecological forecasts: It is very likely that within a few years, there will be negative impacts on the physiology of fish in localities where temperatures increase, through limiting oxygen transport. This would have significant impacts on aquaculture and result in changes in distribution, and probably abundance, of both freshwater and marine species. 
Climate Change Impacts On Fisheries, Aquaculture And Their Communities
Overall impacts on fisheries, aquaculture and fishery-dependent communities: The impacts of physical and biological changes on fisheries communities will be as varied as the changes themselves. Impacts would be felt through changes in capture, production and marketing costs, changes in sales prices, and possible increases in risks of damage or loss of infrastructure, fishing tools and housing. Fishery-dependent communities may also face increased vulnerability in terms of less stable livelihoods.
Impacts on aquaculture could be positive or negative, arising from direct and indirect impacts on the natural resources aquaculture requires, namely water, land, seed, feed and energy. Climatic changes could increase physiological stress on cultured stock. This would not only affect productivity but also increase vulnerability to diseases and, in turn, impose higher risks and reduce returns to farmers. 
However, new opportunities and positive impacts emerging from such areas as changes in species and new markets also could be part of future changes. So far, these opportunities are not well understood but, nevertheless, are possible. A community’s ability to benefit also will depend on its adaptive capacity.
Specific impacts to food security: Climate change impacts in the sector will potentially act across the four dimensions of food security: availability, stability, access and utilization. Availability of fish for food can be improved by making better use of production. This means reducing post-harvest losses and increasing the percentage of use for direct human consumption. Losses caused by spoilage amount to about 10 to 12 million tonnes per year and an estimated 20 million tonnes of fish a year are discarded at sea. Climate change will add to the complexity of addressing these issues and climate events may have a direct negative impact on the control of spoilage and waste.
Vulnerability hot spots: The extent to which people and systems are affected by climate change (their vulnerability) is determined by three factors: their exposure to specific change, their sensitivity to that change, and their ability to respond to impacts or take advantage of opportunities. Fisheries located in the high latitudes and those that rely on climate change-susceptible systems appear to have most potential exposure to impacts. Coastal communities and small island states without proper extreme weather adaptation programmes, in terms of infrastructure design, early warning systems and knowledge of appropriate behaviour, will also be at high risk. For aquaculture, Asia is by far the major contributor and at present the most vulnerable region. However, recognizing the high growth potential for aquaculture in Africa, Latin America and other regions, potential climate impacts need to be considered in relation to future developments.
Transboundary issues: Policy and legal issues will need to be developed. Regional market and trading mechanisms also would be more important in linking and buffering supply variability and maintaining sectoral value and investment. Current examples of impacts from displacing populations due to climatic variations include, for example, the on-going negotiations between the United States and Canada over access to Pacific fish resources, whose spatial distributions are largely determined by environmental variability. 
Climate change impacts on fisheries and aquaculture from other sectors: Indirect impacts arising from adaptation by other sectors and from climate change mitigation activities, such as use of alternative energy sources, could be significant and may even overshadow the direct impacts of climate change. An ecosystem approach would be required, and system-wide evaluation and planning of mitigation and adaptation strategies will need to include downstream impacts on other sectors.
Cumulative effects of human activity and climate change on ecosystem productivity: Climate change, pollution, fragmentation and loss of habitat (e.g. destructive fishing activities, coastal zone development), invasive species infestations and over-harvesting from fisheries may individually or together result in severe impacts on the production of the world’s aquatic systems and the services they provide. 
Climate Change Adaptation In Fisheries And Aquaculture
Potential adaptation measures in fisheries: A wide range of adaptations is possible, either carried out in anticipation of future effects or in response to impacts once they have occurred. Some are implemented by public institutions, others by private individuals. In general, responses to direct impacts of extreme events on fisheries infrastructure and communities are likely to be more effective if they are anticipatory,

Potential adaptation measures in aquaculture: An ecosystem approach to aquaculture (EAA) management would be a most effective thematic adaptation measure. As with capture fisheries, responses range from public to private sector and can be reactive or anticipatory. The aquaculture of extractive species – using nutrients and carbon directly from the environment such as bivalves and macroalgae – may deserve further attention for its positive ecosystem characteristics and potential food security benefits. Short-cycle aquaculture may also be valuable, using new species or strains and new technologies or management practices to fit into seasonal opportunities. 
Current biological and system technologies will need to be improved and new technologies developed. Genetic knowledge and management in aquaculture are not as developed as in other husbandries, and will be both a major challenge and an opportunity. Early identification and detection mechanisms may need to be improved, and suitable treatment strategies and products developed.
Potential adaptation measures in post-harvest, distribution and markets: Both capture fisheries and aquaculture feed into diverse and spatially extensive networks of supply and trade that connect production with consumers, adding significant value and generating important levels of employment. To some extent, this system can be used to provide an important mediation and buffering function to increasing variability in supply and source location, but direct impacts will also affect its ability to do so. 
Management and institutional adaptations: This would create flexible management systems and support decision-making under uncertainty. However, it would require rapid adjustment of management tools and regulations as necessitated by changed conditions or circumstances. In aquaculture, decisions about resource use, environmental capacity and biosecurity could be developed on a similar basis. In the post-harvest sector, issues such as food safety and spoilage management could likewise be addressed. 
Climate Change Mitigation Measures In Fisheries And Aquaculture
The primary mitigation route for the sector lies in its energy consumption, through fuel, raw material use and production. As with other food sectors, distribution, packaging and other supply chain components also will contribute to the sector’s carbon footprint. There also may be valuable interactions for the sector with respect to environmental services such as maintaining the quality and function of coral reefs, coastal margins, inland watersheds, potential carbon sequestration and other nutrient management options, but these will need further research and development (R&D).

Greenhouse gas (GHG) impacts of the fisheries sector: Fisheries activities contribute to GHG emissions during capture operations and subsequently during the transport, processing and storage of product. 
Compared to most other animal husbandry practices, aquaculture has a small overall CO2 carbon foot print. The largest part of aquaculture production is based on freshwater herbivorous or omnivorous species such as carp, requiring at most small amounts of fertilizer, often organic, and in some cases, low-energy supplementary feeds. 

As in all food production sectors, post-harvest activities entail stocking, packaging and transporting and they create post-consumption waste, all linked with CO2 emissions. Of special note are those related to air transport. There are important implications for fish trade, upon which many developing nations depend for valuable export earnings. In order to understand the carbon footprint of fishery products and define comparative performance and areas for potential improvement, emissions need to be traced throughout the entire supply chain, 
Achievable mitigation measures: Although a relatively small global contributor, capture fisheries have a responsibility to limit GHG emissions as much as possible. For example, eliminating inefficient fleet structures (e.g. excessive capacity, over-fishing), improving fisheries management, reducing post-harvest losses and increasing waste recycling will decrease the sectors’ CO2 emissions and improve the aquatic ecosystems’ ability to respond (assimilative capacity and resilience) to external shocks. 

Aquaculture’s total GHG contributions are relatively small, but it has equal obligations for reducing impacts. Policies to support climate change mitigation need to be developed that address resource access and use, production options and market-related measures such as certification, encourage transparent measures of mitigation standards. Genetic modification technologies could have particular efficiency impacts through widening the production scope of low-impact aquaculture species.
Increasing awareness of carbon footprints and their context: As concern grows about global change issues, carbon footprint awareness is increasing. Diverse stakeholders including consumers, industries and governments are becoming more conscious of the scientific, social responsibility, economic and development issues related to the aquatic value chain. There is a critical need for dialogue and collaboration on these issues among industry, government and the scientist community.
The Role of Governance in Adaptation and Mitigation
There is a critical need for well informed public policy to address mitigation of GHG emissions to limit and minimize impacts of climate change. The nature and risks of mal-adaptation – excessive and economically damaging responses to minimal or unsubstantiated risks, or inappropriate responses creating perverse incentives – also need to be better understood. Further assistance should come from:
• building institutional and legal frameworks that consider and respond to climate change uncertainties along with overfishing, pollution and changing hydrological conditions;
• moving rapidly towards full implementation of the Code of Conduct for Responsible Fisheries, which encompasses the ecosystem approach to fisheries and aquaculture;

• establishing bilateral and multilateral agreements – to enhance the mobility of fishing;

• enhancing resilience of fishing and aquaculture communities by supporting existing adaptive livelihood strategies;

• exploring policies promoting local and regional consumption of aquatic products, versus exportoriented

policies, as a form of mitigation, as well shifting or diversifying to other species or less

energy-consuming technologies;

• supporting initiatives, such as property rights and other incentive mechanisms;

• eliminating harmful subsidies and perverse incentives;

• linking disaster risk management with development planning;

• conducting climate-change risk and social impact assessments;

• promoting research on short- and medium-term climate change impacts to support the

identification of vulnerability hot spots and adaptation and mitigation strategies, including financing and risk reduction mechanisms aimed at enabling integrated and broader national planning;

• addressing access to markets and services, political representation and improved governance; and

• engaging in long-term adaptation planning, including promotion of fisheries- and aquaculture- related climate issues in Poverty Reduction Strategy Papers and National Adaptation Programs of Action, to address longer-term trends or potential large-scale shifts in resources or ecosystems.
Constraints to Adaptation and Mal-Adaptations
The unpredictability of both short- and medium-term effects on the ecosystem and the reactions of the communities impacted by these changes are major constraints to climate change response and adaptation by the fisheries sector. Conventional decision-making and planning approaches are frequently unreliable because of poor data, and uncertain and precautionary situations.The lack of data for most small island developing states, which would be expected to have very high vulnerability due to reliance on fisheries and low adaptive capacity, has prevented their inclusion in previous vulnerability mapping exercises. 
Short-term adaptations by fishing communities in response to environmental stresses can lead to their own long-term problems. For example, early responses to ecosystem change often include fishing harder, deeper, farther from home, in poorer weather or with changes in gear such as decreased mesh sizes. 
For aquaculture, the availability of fish meal and fish-oil-based feeds will be a major constraint to growth. The shift towards vegetable materials would need to take into account potential scarcities due to water stress as well as competition with food and biofuel demand. Such trade-offs need to be clearly understood at regional and local levels. 
Finally, the response of markets to these changes and the implications for prices, economic returns and sector investment will have major impacts on sectoral performance, employment, food security and longer-term development impact. The context for which policy changes can accommodate climate change while still addressing equity issues and delivering acceptable levels of poverty alleviation and food security is not well understood and needs clear and committed focus.
