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The development of aquaculture, and in particular of shrimp farming, critically transformed coastal ecosystems, livelihoods and the economy of Thailand over the last 30 years. Having gone through an important phase of re-organisation after disastrous series of disease epidemics and impacts on the environment that led to its near collapse, the sector is now striving to produce responsibly high quality shrimps whilst maintaining the ecosystem services it depends upon. However, many questions surrounding the reality of this aspiration had remain unanswered and were addressed under the ECOLIVA project.
1. What is the impact of the current farming of the exotic Pacific whiteleg shrimp on the resilience of the social-ecological system it is a part of?
A resilience framework guided the analysis of the impact of current shrimp farming practices in the social-ecological system (SES) of Sam Roi Yot, in southern Thailand (Fig. 1), where aquatic production carried out by small farmers takes place alongside rice farming, fishing and environmental conservation (the area is a designated RAMSAR wetland and a National Park). 
Although the system showed vulnerability to flows of water outside its boundaries, the relative “self-sufficiency” of human activities within the SES itself was, on the other hand, contributing to the harmonious co-existence of all the activities encountered throughout the SES. Strong community cohesion and high environmental awareness of those inhabiting the park and its immediate vicinity were found to be key to the current stability of the SES. The active cooperative of shrimp farmers, and the organisation of some of them in “clusters” with the assistance of an intergovernmental organisation and an exporter seeking a product of high quality have created incentives towards the adoption of better pond management. 
From the analysis of narratives, introduction of L. vannamei seems to have changed little at pond level, its management being similar to that of P. monodon aside from early growth stages. At household/farm level, the use of Better Management Practices has led to more efficient farming and generated benefits. At SES level however, risks remain regarding the farming of a non-native species and about where/what the thresholds of this new SES will be.
Fig. 1: a shrimp farmer at Sam Roi Yot.
2. How can we better account for ecosystem values and stakeholder preferences in decisions related to the development or conservation of coastal areas?
A Bayesian Belief Network (BBN) was designed as a decision-support system and tested for its potential to include ecosystem services values and stakeholder preferences, and thus allowing more accurate and holistic decision-making regarding land use in coastal areas. By making explicit how different land management alternatives ranging from extensive aquasilviculture to intensive closed-system production resulted in trade-offs between biodiversity, community resilience, foreign exchange and private earnings and coastal protection (Fig. 2), it proved a useful tool to represent holistically the trade-offs associated with various shrimp farming and land management options. The findings thus generated could help the government of Thailand in redefining its medium to long-term development objectives.
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Fig. 2. Output probability distributions and expected utility values for each leaf node under each management option. M = Mangroves. a  NPV values (US$/rai) computed over a 20-year time horizon, using a 10% discount rate.
b  Encompasses only exploitation costs and revenues impacted upon by the management option. c  NPV values (US$/rai) computed using a 10% discount rate, 10-year farm lifespan. 1 ha = 6.25 rai.

3. What is the potential for payment for ecosystem services (PES) in the context of shrimp farming development?
An evaluation of the opportunity costs of shrimp farming compared to current carbon market prices, and an analysis of institutional arrangements necessary to support the implementation of payments for ecosystem services showed that extensive and semi-intensive shrimp farmers would have opportunities to participate in current carbon markets, and that current aquaculture policies in Thailand appear overall consistent with the PES concept. The potential of PES schemes tailored to the shrimp farming industry was therefore shown and, it is concluded that, if judiciously designed, such a scheme could simultaneously support sustainable aquatic food production, livelihoods and ecosystem services provision.

4. Do better aquaculture management practices (BMP) have an impact on the sustainability of production systems and value chains?
A value chain analysis was carried out complementarily with a hybrid life cycle /input-output analysis (still on-going) to assess the environmental impacts of the entire sector and shed further light on the comparative sustainability of BMP versus non-BMP shrimp production. Although the cost of BMPs constituted a minor part of production costs, all farm budgets showed net losses despite farmers’ beliefs and effective management efforts. Yet, it was shown that the recent cutting of chain intermediaries through the organisation of farmers in clusters and their collective efforts to implement BMP to obtain a certification for their production led to higher value addition and farm gate prices, expected to compensate in due course for losses initially incurred.

Conclusions and wider impact of the research: The ECOLIVA research showed the complexity of the relationship between ecosystem services, sustainable livelihoods and production of a valuable aquatic commodity. It also showed that, with appropriate incentives and decision-support tools, and a close examination of local contexts and system dynamics, sustainable shrimp aquaculture can allow simultaneous ecosystem services provision and livelihood improvements. The project findings are of direct interest to policy makers in both Thailand and other countries where coastal aquaculture is an important economic activity, as well as in international organizations in their advice and promotion of sustainable aquaculture development. They are also of interest to the private sector (import-export) and NGOs who both also have a role to play in strengthening farmers’ organisations and the sustainability of shrimp production to better respond to demand for more environmentally and ethically produced commodities. Finally, the research findings and piloting of novel approaches contributes to the current efforts of the academic community in understanding the interactions and trade-offs between ecosystem functions and economic activities in systems under constant evolution.
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