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Summary

1. Aquaculture world-wide is growing at more than 10% per year, making it one of the fastest growing sectors in the world economy. Vietnam plans to produce 2 million tonnes of aquaculture products, with an export value of $2.5 billion, by the year 2010

2. Despite its undoubted success and significant contribution to the economies of developing countries, aquaculture - and especially coastal aquaculture - has suffered from a range of development problems. These include conflict over land and water resources; inequitable development; external pollution (from industry, agriculture, domestic waste); self pollution (related to over-concentrated development coupled with intensive use of feed inputs); disease; and fluctuating farm gate prices.

3. These problems can be largely avoided with more effective planning and management for the industry. In this regard Vietnam has a tremendous opportunity to learn from its own mistakes and those of its neighbours, to build a valuable and sustainable industry.

4. The focus for a planning initiative would probably be some defined water body such as an estuary, lagoon or bay, although it could be undertaken at a higher (e.g. provincial) level. Ideally there would be a planning “cascade” ranging from broad policy guidelines at the national level down to specific practical measures at the local level, but with feedback from local level to national level to ensure that the legal institutional framework is adapted to local planning needs.

5. There are many necessary pre-conditions and ingredients for more effective planning and management. The first is a broad awareness of the need for better planning amongst the various stakeholders. This awareness must be raised to the point where support is strong for a practical planning initiative led by a respected body – whether it be an existing institution or some form of working group or committee convened especially for the task. 

6. A major task for such a group will be the development of a consistent hierarchy of goals, objectives and targets/standards. Gaining agreement on broad goals is usually straightforward, but translating these into agreed practical standards and targets relating to social, environmental, and economic needs, is a significant challenge for the planning process. Without agreement amongst all the stakeholders, the chances of successful implementation will be poor. For this reason broad-based participation (more than consultation) in the planning process is essential.

7. Once these are established, the next task will be to agree on allocation of resources to different users, or to establish limits on the use of resources, in order to meet or stay within the agreed social, environmental and economic standards and targets. This requires thorough analysis and comparison of alternative resource uses or technologies from social, environmental and economic perspectives. It will then be possible to define specific needs in terms of the location and siting, promotion, management, regulation or limitation of different activities including aquaculture.  These may include zones, codes of practice and/or specific regulations and restrictions. Incentives and constraints will be required to ensure that these needs or requirements are implemented. 

8. A key part of this process will be to determine the environmental capacity of the aquatic system in terms of organic nutrient and chemical loads. This is difficult to do accurately, but rough estimates may be used initially, and adapted/refined in the light of monitored parameters. A clear mechanism must be developed to allocate this capacity, and ensure that it is not exceeded as a result of cumulative development of aquaculture and other activities. 

9. In practice there is enormous potential for reducing the environmental impacts of coastal aquaculture through improved siting, design, technology and management - thus allowing for  higher levels of production within a given environmental capacity.

10. Disease is probably the greatest threat to the long-term sustainability of coastal aquaculture, and will become steadily more significant as the scale and density of the industry increases. Government must take a major pro-active management role through the development of a comprehensive disease prevention and management strategy – at national and provincial levels - if the problems that have arisen in Vietnam and elsewhere are to be avoided in future. Such a strategy should encompass a wide range of measures ranging from building or facilitating the construction of improved water supply systems to pond aquaculture; health certification of hatchery seed; monitoring and control where necessary of stock movements; and more effective information/training and extension to improve farm management and prevent disease.

Throughout this process government must seek to work with farmers, and develop their capacity for self-regulation and management. In the long term it is possible that market incentives, such as quality or environmental labelling initiatives, will increasingly take the place of government regulation and management. Nonetheless there will be a continued requirement for planning at local level to address specifically local social, environmental and economic issues.
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Figure 1: Idealized vertically integrated and adaptive legal and planning framework for coastal aquaculture development
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The need for planning and management

Aquaculture, and especially coastal aquaculture, has grown rapidly in many Asian countries in recent years and has been an undoubted success. However, there have also been significant problems, especially where development has been most rapid. They include:

· Failed development projects - where aquaculture has been promoted with inadequate attention to environmental, social, and economic/market constraints;
· Resource use conflict – where aquaculture activities have constrained or negatively impacted other land or water resource users;

· Inequitable development - where production has increased rapidly, but few have benefited, and some – often the poor – have lost;
· Self pollution - where over-rapid and unregulated development has resulted in poor water quality due to organic and chemical pollution from aquaculture activities;

· External pollution -  where aquaculture has been negatively impacted by aquatic pollution associated with industry, sewage disposal, and agriculture;

· Disease – associated with over-concentrated development, poor water quality, poor quality seed, and poor handling;

· Marketing problems and price fluctuation, associated with a mismatch between supply (rapidly increased production), marketing and distribution capacity, and market demand.
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Figure 1

Vertically integrated and adaptive legal and planning

framework for coastal aquaculture development

In meeting their development targets for the sector, it is important that Asian countries avoid these problems, and ensure that that their aquaculture industry develops in a sustainable manner. These problems cannot be addressed piecemeal – by applying, for example, more thorough project appraisal or Environmental Impact Assessment (EIA). Most of them are cumulative (see box 1) and can only be effectively addressed using a more strategic planning approach.

There is now a great opportunity for governments in the region to work with aquaculturists to address these issues, and build a strong and sustainable coastal aquaculture industry. In so doing, they will be able to demonstrate that they have complied with the FAO Code of Conduct for Responsible Fisheries. Improved planning and management will also enhance the profile and reputation of aquaculture products, and facilitate access to a wide range of high value international markets.

 Guiding principles
GESAMP
 has proposed a set of core principles and key elements, whose adoption/incorporation should facilitate improved planning for aquaculture development in most circumstances, and help countries meet their commitments under a range of international agreements and conventions. 

The most important principle is that sustainable development should be the goal of any planning and management initiative for coastal aquaculture. The most widely quoted and accepted definition of sustainable development is that of the World Commission on Environment and Development:

“Development that meets the needs of the present without compromising the ability of future generations to meet their own needs”

There have been many attempts to define sustainable development more rigorously, but these have not been universally accepted. In practice the meaning will rarely be easily agreed in relation to particular development decisions, because:

· its component ideas are sometimes contradictory, or interpreted in different ways by different interests;

· the values or weights assigned to its various components by different interests may differ; and

· it may conflict with short term financial viability.

Any planning and management initiative for coastal aquaculture should seek to develop and agree locally appropriate and practical planning objectives that reflect the idea and scope of sustainability. Developing and agreeing these should be a significant component in the planning effort. The objectives should also allow for the measurement of progress towards sustainability in practical terms.

Other principles that will help move toward the goal of sustainable development  include:

1. Adhere to the “precautionary approach”. Carefully plan and rigorously evaluate developments that have uncertain implications for the environment.
2. Adhere to the “polluter pays” principle. Ensure that those who pollute pay the full costs of any environmental damage caused, and the costs of clean-up/rehabilitation.

3. Increase integration and co-ordination: with other planning and management initiatives; between policy at international, national and local levels; within and between disciplines (technical, social, economic, environmental);  within and between institutions; between institutions and stakeholders.

4.  Engage in comprehensive public involvement, including both:
· effective communication of information between decision makers, planners or technical specialists, aquaculturists and other stakeholders; and 

· participation – meaning shared responsibility and decision making between government, aquaculturists and other stakeholders
5. Undertake comparative assessment  of costs and benefits of aquaculture and alternative development options, including risk assessment, and environmental economic appraisal.

6. Assess environmental capacity. How thoroughly this can or should be done will depend on local circumstances (available funds; scientific capacity; the severity of development pressures).  In all cases however it should provide a framework for the discussion of issues such as environmental standards, ecological processes, and the environmental values and perceptions of different stakeholders.
7. Set measurable targets or standards corresponding to planning objectives. Without such targets it will be difficult to interpret and implement the plan in practical terms, and even more difficult to measure its success.

8. Use incentives rather than constraints (regulation). Unlike regulations, incentives do not suffer from problems of evasion and non-compliance, and in some cases can be used to stimulate innovation, leading to more environmentally friendly technologies.
9. Emphasise the control of effects, rather than the scale of activity. Any regulation that is based on limitation of the physical area used, or the volume of production, necessarily limits economic development, while providing no incentive to improve the environmental efficiency of the operation (such as the use of low pollution diets). A limit on effects (for example the concentration of nitrogen in the water at critical times of year) would provide an incentive for improved environmental efficiency through technology or management, while also allowing for increased production. 

10. Monitoring and evaluation - iteration and adaptation. More integrated planning is complex, and it may be difficult to get the plan right first time round. Evaluation, iteration (repeated cycles of research, assessment, consultation and planning) and adaptation are required to:

· allow for a steady refinement and improved understanding of physical, ecological, social and economic parameters and processes over time;

· allow for a steady refinement and improvement of the planning instruments (incentives and constraints) used to meet the objectives of the plan.

11. Effective institutions and representative organisations. Such institutions are essential for effective integration, communication, participation, implementation, monitoring and adaptation. Existing institutions should be built on where possible. Changing or creating new institutions is difficult and should be approached with caution.  

1 The planning process

1.1 What you need before you start

· an awareness of the need for improved planning and management on the part of the stakeholders; 

· a policy or legal framework which requires, facilitates, or (at minimum) allows for improved and more integrated planning and management ( e.g. “pilot” projects to test the approach?);

· an organisation or body which can lead or oversee the planning process, which is widely respected and trusted by the stakeholders, and which can effectively “deliver” on the guiding principles; 

· the trust, commitment and involvement of key stakeholders; and

· adequate funding and/or staff time to undertake the process.

1.2 Initiation: identifying the level of planning, and mechanisms for co-ordination and implementation 

Planning can be intrusive. It affects peoples lives. It cannot be initiated on an ad hoc basis by an individual, project, or organisation with a particular vested interest. An initial assessment of how to enhance existing planning mechanisms, or where to introduce new mechanisms should be undertaken. This may be done informally, or more thoroughly using institutional analysis or stakeholder analysis.

A key issue is whether the planning and management should be undertaken at a particular administrative level (commune; district; province) or in relation to a particular aquatic system (such as a delta, estuary, lagoon, or bay). While the latter is more desirable from an environmental management perspective, it may be more difficult from an administrative perspective. In general integration is likely to be easier to achieve and more complete at lower administrative levels, and in relation to identifiable “local” aquatic systems. Local “pilot plans” may be the best way forward, so long as integration with higher level policy and planning can be maintained. Ideally there should be a two way process: broad national level policy facilitates and influences local plans; and the experience of local planning feeds back up to inform policy development and appropriate legal frameworks at national level (Figure 1). 

If integration is to be enhanced, a key part of this process is to identify actual or possible mechanisms for consultation, information exchange, and policy co-ordination. This may require modifications to existing mechanisms or the setting up of some form of co-ordinating body, committee or steering group. It is also important that, even at this early stage, mechanisms for the implementation of the plan are identified.

A co-ordinating body, whether new or based on existing institutions, needs to have clear terms of reference in respect of its planning role. Typically these would include the following:

· Make clear the responsibilities of all involved in the different stages of the planning process, especially with regard to implementation;

· Facilitate, and set in place procedures, for consultation between agencies and between agencies and other stakeholders;

· Set in place procedures for:

· the exchange of relevant information between different interests;

· defining and implementing planning interventions; 

· monitoring the effectiveness of interventions in terms of overall ICM objectives; and

· adapting interventions in the light of experience.

· Identify financing mechanisms.

1.3 Broad objectives

Defining and agreeing broad development and management objectives is a necessary early step, and can form the focus for initial public involvement and participation. More specific objectives and targets should be agreed later - once important information has been collected and synthesized.

In practice the objectives should broadly reflect the ideals of sustainable development and might include, for example: 

· to optimise the allocation of resources (land, water and labour) to aquaculture and competing activities or functions;

· to maximise the economic returns from aquaculture and other coastal activities; 

· to  minimise the environmental impact of aquaculture and other coastal activities;

· to minimise and/or resolve conflict; and

· to promote a more equitable distribution of benefits from aquaculture and other coastal development.

1.4 Understanding the development context

These objectives cannot be realised without a thorough understanding of the nature of environmental processes and resources; the nature of the local economy and society (and the changes (trends) which are taking place within it); and the strengths and weaknesses of the target area within the national and international economy. This understanding may be based on a rapid rural appraisal (RRA) or a livelihoods analysis approach (Pido et al 1996; DFID 1998). In essence all these approaches require the widest possible consultation and discussion, using a range of communication techniques appropriate to local circumstances, and with genuine participation of all those with an interest or stake in aquaculture development (including those who may invest or set up fish farms, and those who may be affected by aquaculture development). More comprehensive social and economic  survey is unlikely to be cost effective, and should be avoided unless significant time and resources are available. This process should lead to a clear identification of major resource development and management issues, natural, socio-economic and institutional constraints and opportunities for development, and should provide the necessary basis for informed discussion between stakeholders, leading to the setting of more specific objectives in line with the overall goals defined above.

1.5 Understanding the development options - technical economic assessment

A range of aquaculture and alternative activities may be facilitated, promoted, or regulated under a plan. The key development characteristics of the various options, and how these relate to the character of the development context, should be known. Understanding the financial and resource use (labour, feed, seed, fertiliser etc) characteristics of different options is essential if informed assessments and comparisons are to be made of economic and environmental impact. 

Key elements in this process include:

· screening for technically feasible development options;

· market assessment;

· a description of suitable location and site requirements;

· financial analysis, investment appraisal and sensitivity analysis;

· a profile of resource use and waste output, including temporal or seasonal variations;

· a profile of socio-economic characteristics, including potential employment generation, labour seasonality, income generation and distribution, and barriers to entry (skills, capital, natural resources requirements); 

· risk analysis;

· an accessible synthesis - comparative economics and technical appraisal of different options
1.6 Setting practical objectives and targets

This is in many ways the core of the planning process. Practical objectives and targets should be consistent with the broad objectives already defined, and arise from them through a thorough understanding of the development context and development options, and an exchange of informed opinion between stakeholders and agencies. Agreement on practical objectives may prove difficult, and this stage will be an important test for the strength of the planning process. 

It is essential that objectives are achievable; and that progress toward them is measurable. This implies, for each objective:

· agreed criteria (e.g. nutrient concentration) for measuring progress or assessing impact; and 

· specific targets or standards (social, economic, environmental) (e.g. x mg/l) to aim for over a specified time frame. 

These targets and standards will serve as the agreed basis for:

· rational and consistent social, economic and environmental assessment of alternative activities;

· appraisal and design of possible planning interventions;

· monitoring and performance evaluation, and specifically State of the Environment Reporting

These targets would normally include economic targets (e.g. per capita GDP, disposable income, trade surplus); social targets (e.g. related to health (life expectancy), education, equity); environmental targets (such as a specific level of water quality; presence of an indicator species; an area of coral reef or mangrove forest to be conserved).

If good information on the relationship between levels of activity and economic, social and environmental benefits and costs is available, then sector targets may be developed - e.g. the level of aquaculture activity required to meet social, economic targets, and environmental targets.

1.7 Identifying development priorities and preferred options

At this stage we should have a set of development targets/standards, and a fair understanding of the development context, and the nature of the development options available. A set of questions can now be posed. In order to meet the targets and stay within standards, what kind of development is desirable? Where? How? How much?

Three different techniques are commonly used for comparing the alternatives:

· Environmental impact assessment (EIA);

· Cost Benefit Analysis (CBA) and environmental economics; and

· Participatory decision making

Ideally, all three approaches should be used, each informing the other.

EIA requires a comprehensive assessment of environmental and social impacts of a project and the development of a management plan, including detailed mitigation measures. This is typically done in relation to individual projects, with limited objective assessment of impact significance, and with no practical response to cumulative problems. For more strategic decision making (=planning) we need sector level environmental assessment (EA) based on the overall  understanding of development context, technical options and agreed targets as discussed above. Important outputs from such an assessment are summarized in Box 2.

CBA is the traditional economic planning tool. Costs and benefits are converted into financial values, and adjusted where market values are distorted. A ratio of overall benefits to costs is calculated. If this is greater than 1, development is considered desirable. In some cases the social, environmental and financial values relating to a particular activity may be aggregated into a single index of  total economic value 

Environmental economics is a set of tools to convert social and environmental benefits and costs to financial values. Unfortunately these tools have limited utility in most circumstances since they are often costly, the results can be controversial, and they lack transparency (ordinary people cannot easily understand the derivation of the figures). 

In practice conversion of important social and environmental values to financial values can be avoided (taken out of the hands of economists!). This is achieved by presenting information clearly in the form of trade-off decisions: the environmental or social disadvantage is compared with the economic benefit; and the stakeholders or decision makers choose according to their own relative valuation. A variety of techniques (using ranking or paired comparisons) can be used to facilitate decision making of this kind, and involve a wide range of stakeholders. 

1.8 Avoiding conflict

Conflict may arise during the planning process. This is less likely if broad public agreement has been established on overall goals, objectives, strategy, and decision criteria - before specific development cases or projects are assessed. 

If conflict already exists, or arises during plan development or implementation, it can be dealt with through by imposing a solution (e.g through the courts; or by means of  arbitration) or by attempting to resolve differences through mediation and negotiation. The first approach will tend to result in winners and losers; the second should lead to an agreed solution, and although often difficult may be more effective in the long term.

Important techniques used in conflict resolution are presented in Box 3.

1.9 Broad planning and management strategy 

Planning and management strategy may apply to the sector as a whole and/or to the management of individual farms. Sector strategy should address at minimum:

· permitting/licensing/registration procedures; 

· siting and  location (zoning?);

· density and distribution; 

· total scale of activity;

· water quality and environmental capacity;

· disease prevention;

· genetic pollution;

· access, promotion and benefit distribution;

· product and market development;

· input quality;

· organization and institutions

Farm management strategy should address:

· maximum scale of individual enterprises;

· recommendations for good design and technology;

· best management practices/codes of practice/codes of conduct

1.10  Incentives and constraints (planning instruments)

In order to implement the broad strategy, specific instruments must be developed to encourage or regulate aquaculture as required. These include a wide range of possible incentives and constraints, including:

· infrastructure development (e.g. improved water supply; electricity; markets);

· training, education and awareness raising;

· service provision;

· economic instruments 

· credit, subsidy;

· access and pollution charges; 

· taxes, deposits and bonds (e.g. money deposited with government as security against environmental damage); 

· tradable permits (e.g. permit to produce X tonnes of fish, or Y tonnes of nitrogen waste);

· regulatory instruments

· prohibitions; 

· restrictions; requirements (e.g. effluent standards; receiving water standards); 

· market incentives

· certification; labelling

Incentives and constraints should be developed in relation to all the key issues discussed in 3.9 and in more detail in section 4 below. For example, incentives and constraints could be designed to:

· promote or facilitate aquaculture in those areas where it is most appropriate, and discourage or restrict it where it is less suitable, or where other activities are more suitable;

· promote technologies, design and management practices which will minimize environmental impact and maximize economic benefits;

· ensure that the total accumulated scale of development, or volume of waste, does not exceed the capacity of the environment;

· promote those practices likely to reduce the likelihood and incidence of disease

1.11  Managing the planning process

Many planning initiatives become meaningless bureaucratic exercises. If progress is to be achieved there must be effective monitoring, evaluation, reporting, response procedures, and adaptation mechanisms. This implies the need for :

· outcome indicators related to specific objectives or targets (e.g. success in meeting objectives; enhanced understanding of relationships between activities and objectives (social, economic, environmental)

· operational (performance) indicators related to procedures and  implementation efficiency

Effective reporting, response and adaptation will require:

· Synthesis, analysis, reporting, communication;

· State of the environment reporting?

· Clearly defined response procedures - if monitored variables outside standards or far from targets, leading to ..
· agreed adaptation
1.12  Planning documents

Any planning process must result in clear, comprehensive, and accessible documents which describe the plan or plans and provide a clear rationale for them. The nature of these documents will depend upon national and local circumstances and institutions. An example of the process for developing a set of planning documents is provided in Annex 1. Examples of the possible contents for different planning documents is provided in Annex 2. The background information which might be required to develop these documents is presented in Annex 3. It must be emphasised that these are examples only, to be adapted according to local needs.  

2 Key issues for aquaculture development planning 

2.1 Appropriate technology in the right place

Ideally, the basis for deciding on what, where, and how should have been established by following the steps described in sections 3.3-3.6. In practice, time and resources are often inadequate to make such a comprehensive appraisal. The following check-list provides a framework for a minimal appraisal which might serve as the basis for identifying preferred development options. In all cases what is required is not a static “snapshot” description, but rather an understanding of processes, relationships and trends.

The natural resource base

· Major economic resources (actual and potential);

· Key habitats, physical and ecological processes supporting these resources (e.g. fish nurseries; natural assimilation of waste products);

· Major natural constraints to development (e.g. flooding; drought; erosion; loss of fertility);

· Significant human pressures on the natural resource base (e.g. organic, chemical pollution; loss of coastal protection etc)

The local people

· Main constraints to entry to new activities such as aquaculture (e.g. finance; education; skills; access to information and advice; health; social pressures);

· Available resources (e.g. local supplies of feed inputs; construction materials; labour);

· Livelihood strategies – how they seek to improve the quality of life; reduce risk; increase income; cope with seasonality and adversity; integrate different activities and recycle wastes; manage available household labour) 

The wider economy

· Major economic constraints to development (e.g. lack of investment capital; skilled labour shortage; high fuel/resource/input costs

· Major economic opportunities for development

· Demographic change and labour demand/supply/cost trends;

· Price trends for aquaculture and agriculture products;

· Access to markets: 

· transport and communications infrastructure;

· processing capacity;

· product quality control;

· human and physical distribution and marketing systems;

· access to local, national and international markets
Does the technology “fit” and will it work? For whom?

On the basis of the above information  it should be possible to rate the potential of different aquaculture options and compare them with alternative development options. Key questions which should be asked of any new technology or enterprise include:

· Can it avoid or overcome the critical constraints to development?

· Does it build on existing resources and strengths (at regional, local and household levels)?

· Does it strengthen or undermine existing livelihood strategies?

· Do the local people have a comparative advantage of any kind in using this technology/producing this product?

· Does the location have a comparative advantage of any kind in using this technology/producing this product?

· Is it financially viable?

· What is the risk profile, and will this favour particular types or scale of enterprise, or limit entry of  the poor?

· How well does it meet social and economic objectives? (e.g. employment; high wages; income generation; entry of the poor)?

· How well does it meet environmental objectives? (see sections 4.2 and 4.3)?

· Does it conflict with other activities?

· Does it promote or facilitate desirable social change?

Can aquaculture zones/sites be identified?

On the basis of the information collected, it may be possible to identify specific locations or more extensive zones where aquaculture, or a specific kind of aquaculture is the most desirable development option, and where conflict with other activities can be minimised. Specific development and environmental objectives may be developed for these zones, along with a range of incentives and constraints designed to help meet these objectives

2.2 Reducing the  environmental impacts of aquaculture

There is enormous scope for mitigating the environmental effects of coastal aquaculture. This can be done through:


improved planning and regulation;


improved siting (closely related to planning and regulation);


improved infrastructure;


improved design and technology;


higher quality inputs;


improved input and waste management; and


improved husbandry and water quality management.

These measures (ideally in the form of a published management plan for the sector in a particular area), can be encouraged or enforced through a suite of incentives, constraints and regulations. The whole package, or parts of it, may in turn be linked to quality or environmental management certification and/or quality labelling initiatives.

A licensing or permitting system is normally a pre-condition for any form of effective aquaculture planning and management.

Siting, zoning and infrastructure

Setting up a planning and regulatory framework to influence the location and concentration of aquaculture development, and the siting of individual farms, is the first and most important form of mitigation.  Some countries (as diverse as Hong Kong, Scotland, Korea and France) have established specific zones for aquaculture or specific forms of aquaculture, or and/or exclude aquaculture development from other areas. Once in place, zones may be used as the basis or focus  for a wide range of  development planning and management initiatives:

· as a source of information for potential developers;

· to encourage aquaculture development in the most suitable areas;

· as a basis for the communication and exchange of ideas about aquaculture development, as a part of wider  Integrated Coastal Management initiatives;

· to reduce adverse social and environmental interactions;

· to define areas which may benefit from infrastructure schemes specifically aimed at promoting aquaculture and related activities;

· to facilitate the establishment of locally appropriate environmental quality standards and targets for aquaculture development;

· to promote increased responsibility for environmental quality on the part of users;

· to provide a focus for research or monitoring on such issues as environmental capacity;

· to define environmental capacity in relation to aquaculture and other uses;

· to develop area based certification, or quality/environmental labelling schemes;

· as a basis for sectoral EIA or CBA related to a particular area .

A licensing system is normally a pre-condition for any form of effective control and regulation of development, irrespective of any zoning initiative.

Any zoning scheme should seek to implement or facilitate the mitigation measures listed in box 4, and specific attention should be paid to issues related to farm distribution and density within the zone. Separation of blocks of small farms to reduce the risk of disease spread should be given particular attention.
Design and technology

Good design and appropriate technology can reduce environmental impact - but the choice will depend on local conditions. For example, where natural habitat is under severe pressure, more intensive systems will use less land. On the other hand, more intensive systems are often higher risk, and may produce more concentrated organic, nutrient and chemical wastes. The costs and benefits of these different approaches must be assessed according to local circumstances, and the relative values of different resources.

The impacts of nutrients from intensive aquaculture can be greatly reduced (by more than 50%) using simple settling of farm effluents, especially at the time of harvest and pond emptying (see below).

Mixed cropping of shrimp and rice can effectively recycle nutrients and reduce risks. Planting mangrove along the edges of ponds can stabilise dykes and restore some natural habitat
Input quality and management

Food is a major input in some of the more intensive aquaculture systems, and is associated with significant resource consumption and waste generation. The use of high quality feed inputs, whether fresh fish, moist pellet, or dry pellet, should lead to increased food conversion efficiency and less waste. Formulated dry and pelleted feeds offer the greatest long terms potential for maximising food conversion and minimising waste. 

Food conversion can also be improved, and waste minimised, by the use of correct feeding rates and frequency. In many systems feeding trays can be used to optimise feeding rates. In more modern systems carefully calculated and automated feeding can lead to very efficient conversion.
Water and waste management

Effective waste management is closely related to design and technology, as well as water quality management. Waste food and faeces accumulates in pond bottoms, canals, beneath cages and racks, and is dispersed in the wider environment. It is a problem not only for high input systems such as marine cage culture, but also for mollusc culture, which produces  large quantities of faeces and pseudofaeces. Most of this waste is organic, and if well managed poses no great threat to the wider environment. Settling, followed by drying (oxidation) of pond effluents is simple, cheap and effective in removing a high proportion of organic waste and nutrients, and preventing pulses of very concentrated effluents, especially at the time of harvest when pond sediments are resuspended. 

Settling is typically done in a simple pond, whose efficiency may be enhanced by using influent and effluent buffer zone to minimize turbulence and water velocity. It may be done in a large reservoir or lagoon, in which case  biological degradation of sediment may also take place. In more intensive systems, tanks with tubes or plates to increase settling area may be used. These may be conical or wedge shaped to allow simple sludge removal.

The water flow per unit area of settling pond is known as the overflow rate and is the critical design parameter for a settling pond. Overflow rates for settling tanks or ponds for aquaculture should be in the range of 10-30 lpm/m2 or 15-45 m3/m2/day. The total area required for effective settling organic wastes from intensive pond aquaculture is typically between 10-25% of the production pond area. Typically, more than 50% of solid organic wastes will  be removed by simple settling. However, only a small proportion of plankton (representing a significant proportion of organic matter and nutrients in intensive ponds) will be removed.

Residual sediments may also be allowed to dry in a pond following harvest, and then removed manually or by machine, and used for land-fill; dyke building; and possibly as a soil conditioner after appropriate treatment.

In the case of cage culture, the severity of local impacts of organic matter accumulation below cages can be reduced by periodically moving cages and allowing them to recover. Some indication of the rate at which organic matter can be fully assimilated/degraded is provided in the section on environmental capacity. However, depending on local circumstances, it may occasionally be more desirable (at least for the wider environment) to have local intense impacts, rather than dispersed impacts.  

Chemical residues related to disease treatment  require specific procedures for effective management and treatment. However, the best approach is to  reduce the incidence of disease through better planning of the sector, including the development of a comprehensive disease prevention and management strategy (section 5.4).

Integrated farming and natural waste treatment

Combining the culture of filter feeding molluscs with intensive production of shrimp or fish in ponds  or cages  can be used to improve water quality and use input resources more efficiently. Unfortunately, although filter feeders reduce the concentration of plankton and organic matter in the water, they also re-generate nutrients in soluble form (for example as ammonia nitrogen). Seaweed culture can be used in turn to remove these nutrients from the water, and serve as the final “polishing” phase of water treatment. However, achieving the right balance of production (especially between three significantly different kinds of product) to meet both environmental and commercial objectives may prove difficult within a single commercial enterprise. Government should consider how to promote a balance between these different production systems at the sector level (for example in a particular bay, lagoon or estuary).

Mangrove can serve as an effective biological treatment of pond effluent, by facilitating settling and removing nutrients.  Siting a farm on the landward fringe of mangrove makes sense from both development and conservation perspectives.

Aeration

Aeration is an important component in waste treatment in intensive systems, oxidizing organic matter and  maintaining water quality. An intensive fish or shrimp pond, with heavy aeration, is very similar to a conventional wastewater treatment pond in terms of bacterial processes, although concentrations of nutrients and bacteria are much lower.

More detail on mitigation of the environmental impacts of coastal aquaculture can be found in Hambrey et al 2000.

2.3 Staying within environmental capacity


One of the widely agreed conditions for achieving sustainable development is:

 “holding waste emissions within the assimilative capacity of the environment without impairing it”. 

This idea is commonly referred to as environmental capacity. In practice there are several related terms in common use. Carrying capacity is the number of organisms, or number of enterprises, or total production, which can be supported by a defined area, ecosystem or coastline. Environmental capacity is a more general term for “a property of the environment and its ability to accommodate a particular activity or rate of an activity...without unacceptable impact” ( GESAMP, 1986). Environmental capacity models have been used to translate these ideas into practical siting and management guidelines for coastal aquaculture. 

Environmental capacity measures the resilience of the natural environment in the face of impact from human activities, and must be measured against some established standard of environmental quality. Understanding and measuring environmental capacity allows for the determination of the scale of activity (using a specified technology) which can be accommodated without threat to an environmental standard. 

In the case of aquaculture, environmental capacity in relation to a specified area (e.g. a bay, lagoon, estuary, fjord or loch) might be interpreted as:

· the rate at which nutrients can be added without triggering eutrophication; 

· the rate of organic flux to the benthos without major disruption to natural benthic processes; or 

· the rate of dissolved oxygen depletion that can be accommodated without causing mortality of the indigenous biota (GESAMP 1996)

If environmental capacity can be determined, this opens the door to controls on effects, rather than activity – one of the guiding principles in section 3. Furthermore, there arises the possibility of allocating or selling a share of environmental capacity, or a share of something which affects it (e.g. total acceptable pollution loading; total quantity of feed inputs) to a particular user or user group. This is likely to offer an incentive to producers to modify technology or management so that production may be increased without exceeding the environmental target. This contrasts with the use of area or production limits, which are directly restrictive, and offer no such incentive. 

Estimating environmental capacity accurately in relation to a particular activity is complex and costly, since it requires a comprehensive understanding and modelling of dilution, dispersal, assimilation and secondary physical and/or ecological effects. This implies the use of current meters over extended areas and for extended periods of time, followed by data assimilation using sophisticated computer software, and in some cases ecological studies. In practice, the effluents from aquaculture (primarily organic matter and associated nutrients, phosphorus and nitrogen) rarely warrant such sophisticated assessment.

Rough estimates on the other hand are relatively easy to make, and for most purposes will be adequate, so long as they are conservative, and can be steadily improved through monitoring. At their simplest, rough estimates assume complete mixing of effluents with receiving water in an estuary, bay or lagoon. A simplified example is presented in Box 8. In practice mixing will be far from complete, and the calculated carrying capacity will need to be adjusted downward according to local hydraulic conditions. This may be based on more sophisticated calculation if the necessary information is available or easily collected. Otherwise a rough provisional downward adjustment will need to be made. 

The concept of environmental capacity has also been used in relation to disease. Above a certain concentration, density and volume of aquaculture production within some defined aquatic system, the loading of pathogens on the environment may reach a point at which disease becomes chronic and debilitating. Environmental capacity, measured in terms of acceptable disease incidence has been reached. This capacity is far more difficult (perhaps impossible) to quantify. As a general rule, density and concentration of aquaculture development should be minimised as far as is compatible with development needs.

2.4 Minimizing disease

Disease is the single biggest threat to a sustainable coastal aquaculture industry. Disease prevention and management requires a suite of measures from national level to farm operation. The following might be important elements in such a strategy:

· effective procedures, protocols, and regulations relating to the movement of seed and broodstock;

· high technical capacity to check for disease;

· improved understanding of disease epidemiology;

· high quality, low pathogen water supply;

· high quality, low pathogen seed supply;

· high quality, pathogen free feed supply; 

· more rapid diagnosis and treatment of disease;

· optimal grow-out conditions and quality husbandry to minimize stress;

· increased species and system diversity;

· cautious intensification;

The detailed implications of such a strategy will depend on species, aquaculture system and local conditions, but will require co-ordinated efforts at various decision making levels, and should be initiated before any disease problems arise. The department of fisheries, operating closely with provincial governments would be well placed to lead and co-ordinate such a strategy, and develop practical mechanisms to implement it. These might include, for example codes of conduct for individual farms and incentives to abide by these codes (such as conditional permits or licenses; fines etc); government or independent private certification of hatchery seed quality and disease free status; random government testing of seed at key points in the distribution chain (coupled with data recording to provide the basis for epidemiological studies); government intervention to provide or facilitate the development of appropriate water supply and discharge systems; the establishment of quality standards for feeds; and improved farmer extension services.  

The development of captive broodstock for major farmed species followed by genetic improvements should result in farmers having better quality seed free of and/or resistant to specific pathogens. Pathogen free/low pathogen/high health seed production is also showing promise.

As a matter of policy the use of antibiotics of particular importance for human health should not be allowed. 

2.5 Maximizing product value

Many producers in developing countries suffer from low farm gate prices for a range of reasons. Government and industry bodies can help to raise farm gate prices by ensuring that better quality product is produced; that it is handled well; and that it is transported to market quickly and efficiently. Government and industry bodies can also take part in promoting quality management schemes and in some cases quality and/or environmental friendly labelling initiatives. These can significantly increase value in international markets.

As noted elsewhere in this booklet, zoning of aquaculture development, and effective producer organization can have a great impact on product quality and marketing, and promoting these approaches should therefore be seriously considered as part of any any plannning initiative.

2.6 Reducing poverty

Further Reading

DFID Sustainable Livelihoods Guidance Sheets. DFID 94 Victoria Street, London SW1E 5JL. livelihoods@dfid.gov.uk
GESAMP (IMO/FAO/UNESCO-IOC/WMO/WHO/IAEA/UN/UNEP Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection). 1996a. Monitoring the Ecological Effects of Coastal Aquaculture Wastes. Rep.Stud.GESAMP (57): 38 p.
GESAMP (IMO/FAO/UNESCO-IOC/WMO/WHO/IAEA/UN/UNEP Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection). 2000. Planning for Sustainable Coastal Aquaculture Development. Rep.Stud.GESAMP 

Hambrey, J. B., Phillips, M., Chowdhury, M. A. and R. B. Shivappa. 2000. Composite guidelines for the environmental assessment of coastal aquaculture development.  Secretariat for Eastern African Coastal Area Management (SEACAM). Maputo. Mozambique.

Pido, M D, R S Pomeroy, M B Carlos, and L R Garces. 1996.  A Handbook for Rapid Appraisal of Fisheries Management Systems. International Center for Living Aquatic Resources Management. Makati City, Philippines.

Annex 1

Example of a planning process




Annex 2 

oUTLINES FOR key planning documents

1.
Provincial/Regional Aquaculture Planning Resource Document

The natural environment and land/water-use potential

· Climate

· Soils

· Topography

· Water bodies (location; salinity; tides; basic hydrology (e.g. flushing rate); erosion);

· Feasible areas for aquaculture development

Existing land/water use and current trends

· Land/water-use maps;

· Existing designations/classifications;

· Location of major economic activities;

· Pollution and other forms of resource degradation

· Infrastructure and services;

· Trends and rates of change; likely future directions;

· Implications for aquaculture development (competition, conflict, synergy etc)

Valuable natural resources and habitats

· Location and status of areas of high biodiversity;

· Location and status of fish/shellfish spawning and nursery grounds;

· Location and status of fisheries;

· Natural habitats and physical features generating value in terms of protection from erosion, inundation, shelter etc

· Natural systems with capacity for waste assimilation

· Trends and rates of change; major unknowns and uncertainties

Social and economic activities, processes and trends

· Population; population distribution and density; population growth; migratory trends

· Provincial domestic product/income; per capita income;

· Spatial variation of income (household income/per capita income); location of poorest households;

· Major economic activities and trends; detail on production of aquaculture inputs (seed; feed; feed ingredients etc.);

· Livelihoods issues for poor coastal people: access to resources, problems, constraints, opportunities

Policy, institutional and legal issues

· Existing policy, procedures, regulations related to land/water use and aquaculture development;

· Existing instutions with relevant responsibility;

· Strengths and weaknesses of existing institutional arrangements; opportunities for improvement 

Technical-economic assessment of aquaculture development opportunities:

· Status of existing aquaculture activity: problems, constraints, solutions, opportunities;

· Feasible species and farming systems for further development;

· Site selection criteria;

· Possible/favourable locations for specific species/systems;

· Market potential and marketing/distribution costs;

· Comparative financial analysis/resource use profile;

· Socio-economic characteristics (employment and income characteristics; investment requirements; economies of scale; risk profile);

· Comparative advantage of the province with respect to different species/technologies

· Strengths, weaknesses, opportunities and threats – by species/farming system

Overview of aquaculture development and management issues

· Overall potential (income, poverty alleviation, employment, foreign revenue)

· Social and environmental impact; sustainability

· Planning and management needs

2.
Provincial strategy for sustainable coastal aquaculture

This document should begin with, and elaborate/modify, the overall conclusions of the planning resource documents. This will form the basis for the development of a broad strategy to address problems, constraints and opportunities in the Province. 

1.
Review of current status of coastal aquaculture development

· Species/systems

· Locations

· Participant profile

· Social impacts

· Environmental impacts

· Current issues, problems, constraints, and opportunities

2.
Potential for future development

· Species/systems

· Locations

· Possible participants/beneficiaries

· Social impacts

· Environmental impacts

· Overall potential for aquaculture development

· Likely problems, constraints

3.
Objectives and targets 

· Overall objectives (framed around the basic objectives for sustainable development);

· Practical objectives (related to the overall objectives, but more practical and relating specifically to Provincial issues (e.g. optimal allocation of resources to aquaculture and other activities; increased production of certain species; improved water supply; improved management; reduced disease; increased participation of poor; conservation of nursery areas; staying within environmental capacity etc)

· Targets and other performance criteria (related to each practical objective)

4.
Provincial strategy to support objectives and targets e.g.

· Location, extent, pattern, density and production of aquaculture development

· Strategies to stay within environmental capacity

· Poverty alleviation

· Conservation of important natural habitat

· Seed and feed supply

· Disease prevention and management 

· Water quality and supply 

· Skills development 

· Codes of conduct and best management practices

· Training, extension, awareness

· Permitting/licensing/registration procedures

· Resource (land/water) allocation

· Incentives and constraints

· Marketing and product development

· Infrastructure

· Institutions and farmer organization 

3. Local aquaculture management plan

This document will elaborate, interpret, and apply the main elements of the provincial strategy in relation to local conditions in a selected aquatic system/area/location. It will be developed through a broadly participatory process with significant involvement of existing and potential aquaculturists. It will frame more immediate and practical objectives relating to local conditions, but also compatible with Provincial level objectives. Should differing perspectives (local v. provincial) arise these must be addressed and resolved before the plans are finalized. It is essential to maximize compatibility/synergy and minimize overlap between provincial strategy and local plans.

1.
Review of current status of coastal aquaculture development  in pilot area

· Species/systems

· Locations

· Participant profile

· Social impacts

· Environmental impacts

· Current issues, problems, constraints, and opportunities

2.
Potential for future development

· Species/systems

· Locations

· Possible participants/beneficiaries

· Social and environmental impacts

· Overall potential for aquaculture development

· Likely problems, constraints

3.
Objectives and targets 

· Practical objectives (mainly corresponding to the provincial strategy objectives but more practical and relating specifically to local issues (e.g. allocation of resources to aquaculture and other activities; increased production of certain species; improved water supply; improved management; reduced disease; increased participation of poor; conservation of nursery areas; staying within environmental capacity etc)

· Targets and other performance criteria (related to each practical objective)

4.
Local plan to support objectives and targets   e.g.

· Location, extent, pattern and density of aquaculture development

· Resource allocation (land/water);

· Strategy to stay within environmental capacity

· Poverty alleviation

· Conservation of important natural habitat

· Seed and feed supply (may be adequately covered in provincial strategy)

· Disease prevention and management 

· Water quality and supply 

· Skills development and exchange of information

· Local incentives and constraints

· Marketing and product development

· Local organization

ANNEX 3 

PRIORITY INFORMATION REQUIREMENTS

The following table identifies three levels or kinds of information. Minimal information should be collected and assimilated in the planning resource document prior to initiation of planning workshops etc. Ideal information, if it is readily available, should also be assimilated in the planning resource documents. If it is not available, then some or all of it should be collected as soon as possible, but its absence should not delay initiation of the planning process. A third kind of information should be collected once specific issues, problems, constraints, opportunities etc have been identified. This will involve more detailed and focused survey and analysis, and will allow for the steady improvement and refinement of the plan.

The minimal/ideal information should be collected, assimilated and presented in such a way as to highlight economic resources, and related processes, functions, values, and relationships – especially those of relevance to aquaculture development. The information should be collected from existing secondary sources (reports; maps; papers; books), supplemented with discussion with key informants related to each issue (someone with local knowledge; someone with technical knowledge; someone with both). Where possible it should be assimilated on maps, and ideally in simple GIS format.

In the table, key areas refers to areas which have been identified as having significant aquaculture potential and/or suffering from aquaculture management problems. Making a preliminary and broad identification of these areas should be a priority, so that other data collection and assimilation can be better targeted and relevant.

Where a specific technique is required to collect the data this is indicated in brackets.

Information requirements for planning sustainable coastal aquaculture

For planning resource documents 

(existing data assimilation + RRA)
For developing specific elements of provincial strategy or local plans


Minimum
Ideal
Examples of possible survey/analysis 

(to be identified during plan development)

Land/water use potential
maps showing feasible areas for coastal aquaculture development - indicating access to brackish or salt water;  water depth; land elevation 
maps showing soil quality in potential aquaculture areas (clay; loam; sand);

maps showing salinity isobars by season





Tidal range and pattern
Seasonal data on river discharge (or catchment area and annual rainfall data)
Flushing rate of semi closed aquatic water bodies; existing nutrient concentrations (N,P); existing loadings of N, P, organic matter; pesticide concentrations and pesticide loadings


Average temperature, and rainfall by month over last 10 years;

Incidence (of flooding, drought, typhoon


Extreme temperatures (maximum and minimum by month); average daily temperature range by month.

Wind direction, speed and incidence over the last 10 years
Insolation and evaporation by month


Infrastructure and services (roads, railway; schools; communications; electricity; canals; irrigation; markets; hatcheries; holding facilities; dealer networks; research/training/extension/demonstration centres)
Likely locations for future infrastructure development projects


Existing land/water use
Maps of location of existing aquaculture, agriculture, salt and other significant land uses;

Maps showing existing land-use designations or zones
Indication of  area/technology/crop/species and productivity for aquaculture and agriculture in key areas; 

incidence of disease and crop failure; use of chemicals and fertilizers; 



Maps of location of significant manufacturing, mining, industry, ports, urban development, tourist development and infrastructure likely to have an impact on water quality and movement  in key areas
Information on water use, and the nature and quantity of  waste discharges
e.g. assessment of impact of sugar refinery on lagoon water quality;

e.g.  assessment of impact of roads on salinity, tidal regimes and habitat quality and functions (biodiversity; waste assimilation; nursery grounds; natural products harvesting);

Valuable natural resources, habitats and functions
Maps of location of key natural habitats generating secondary economic benefits (coral, seagrass; mangrove; tidal creeks; saltmarsh)
Maps of nursery areas and biodiversity hot-spots;

Identification and mapping of natural coastal protection and stability mechanisms.
Estimates of assimilation capacity of different habitats and aquatic systems


Location of known mineral resources
Likely location of further mineral resources
EIA related to mineral development


Location of major fishing grounds and nursery areas, especially those relating to species with aquaculture potential

Productivity and productivity trends; cpue; sustainability of fishing pressure etc 

Social and economic structures, activities, trends  and potential
Administrative and institutional structure and processes; existing economic development and environmental management plans and projects; relevant NGO activities

Institutional analysis related to identified institutional constraints


Population; population distribution and density; population growth (Provincial statistics);
population/migration trends



Main economic activities and trends; 

Production of fishmeal, other potential feed ingredients; agro-chemicals (provincial statistics); 

production of seed fisheries
Technical-economic-market appraisal of aquaculture and alternative activities in key areas  (see GESAMP); 

Production and value of “trash” fish; fishmeal; seed fisheries; supply, demand, and price trends.
Detailed information on design, technology, management, harvesting, processing, marketing of aquaculture options identified as having high potential


per capita income; educational standards 

Income distribution; frequency distribution of income (provincial/district statistics)
Peoples status and situation in key areas: housing; water; electricity; roads; communications. 

Skills and labour availability; economic activities;

Household income, spending and saving (district/commune data; RRA); 
Relationship between economic activities, livelihoods and well-being


Peoples livelihoods and economic potential in key areas: access to resources; problems; constraints; solutions; opportunities (farmer workshops; meetings; RRA)
Peoples livelihoods and economic potential in key areas: access to resources; problems; constraints; solutions; opportunities aspirations; motivations (PRA)
Social impact studies related to aquaculture and other developments



Box 1: The cumulative problem





Although some of the social and environmental problems associated with coastal aquaculture may be addressed at the individual farm level, most are cumulative: insignificant when an individual farm is considered, but potentially highly significant in relation to the whole sector. Habitat destruction, nutrient enrichment, and use of antibiotics all fall into this category. They are also additive – in the sense that they may add to the many other development pressures in the coastal zone. These cumulative and additive problems can only be addressed through more strategic and planned approaches.








Box 2.  Outputs from sector environmental assessment





agreed environmental quality standards against which assessments of impact significance should be measured; 


description and comparative evaluation of actual and potential coastal aquaculture systems in the region;


discussion of the relationship between possible land/water use for coastal aquaculture and existing land/water-use policies; 


description of the conditions and locations in which coastal aquaculture development might take place;


discussion of environmental capacity for these locations;


comparative evaluation of  aquaculture development alternatives, covering significant adverse and beneficial impact, and mitigation possibilities for different technical options;


an environmental management plan for the sector as a whole; 


a monitoring plan and response procedures














Box 3. Tips for effective conflict resolution


clear identification of interests;


emphasis on common objectives;


joint fact finding;


informed dialogue;


joint/creative problem solving and identification of alternatives;


identifying opportunities for mutual gain;


clear identification of implementation procedures for agreed solutions








Box 6  Examples of possible mitigation through operation and management at farm level





Feed and feeding


Use low phosphorus diets;


Use carefully formulated feeds which maximize nitrogen conversion efficiency and minimize protein requirement ;


Use water stable diets;


If using trash fish use only that which is known to give efficient food conversion;


Avoid chopping or mincing trash fish as far as is practical;


Use feeding trays in ponds to gauge feeding activity and general health;


Feed according to the preferences of species in terms of quantity, quality, timing and frequency 





Disease and therapeutants


Maintain high water quality at all times. Actual critical parameters are species dependent;


Conduct regular health checks on stock;


Do not discharge disease contaminated water to a shared or common canal.


Break the production cycle periodically (fallow) to prevent pathogen build up;


Use seed or broodstock which is health certified;


Use antibiotics only for serious bacterial disease, and only when it is identified early enough to have a chance of success;


Do not use antibiotics such as chloramphenicol which are important for disease treatment in humans;


Do not use Azinphos (Gusathion) and organotin compounds;


Minimize use of organophosphates;





Box 5  Examples of possible mitigation through design and construction


Ponds


Ensure dykes are well compacted;


Allocate at least  25% of pond area for water  and sediment treatment in the case of intensive production (10-15% for  reservoir settling of routine discharge; 5-10% for settling effluent at pond drainage and harvest; 5% for drying/oxidation of pond sediments)


Leave a buffer (i.e. unused semi-natural) zone around the farm. The width will depend on the nature and intensity of the farm, local soil and water conditions, and the nature and sensitivity of the surrounding environment;


In mangrove areas a mangrove belt to seaward of the farm comprizing at least 1ha of mangrove per tonne annual production of intensive farm may serve to assimilate most if not all nutrients released, as well as serve the function of a natural settling basin;


Ensure supply canal is not contaminated significantly with effluents from other ponds or other activities


Ensure discharge canal does not contaminate  water supply to other farms or other resource users





Note. The above figures are for very rough guidance only. Engineering design should include comprehensive discussion and calculation related to these issues.





Box 4   Examples of possible mitigation through siting





Ponds


whenever possible, farms should be sited well away from each other to minimize the risk of disease spread;


where this is not possible water supply and disposal should be designed so as to minimize water exchange between different farms;


blocks or groups of small farms should be isolated from each other by providing a strip or buffer zone (“disease-break”) and by ensuring separation of water supply/effluent streams; 


brackish and marine farms should not be sited in freshwater areas unless specific measures are taken to protect soils, groundwater and the interests of other resource users;


avoid permeable soils, or use liners;


farm location should not interfere with access;


potential acid sulphate soils should be avoided


Cages and rafts


farms should not disrupt access or navigation;


farms should be sited in areas where there is good water exchange;


rotation of culture sites, or siting in deeper water offshore may be used to reduce local impacts on sediments;


environmentally sensitive habitat such as coral reef should be avoided 





Box 703: Using environmental capacity and EQS as the basis for planning interventions





The following is an example of how environmental capacity can serve planning needs:





Define a specific area or zone in which aquaculture and compatible activities are to be allowed or promoted;


Set environmental quality standards (EQS) in terms of acceptable nutrient concentrations;


Estimate environmental capacity (e.g. total quantity of nutrients which can be released into the area without breaching EQSof the area);


Calculate acceptable nutrient loads (the environmental capacity) that will not lead to breach EQS; 


Develop incentives or regulations to prevent aquaculture and other activities exceeding the acceptable load. These might include:





allocation or sale of a portion of environmental capacity; 


cessation of issue of permits once a critical total production threshold is reached; 


cessation of issue of permits once an environmental quality standard is reached;


pollution tax related to quantity of discharge





The first of these has several significant advantages. The rules are clear. There is a cost associated with pollution, and a strong incentive to develop more environmentally friendly technology, which will allow for higher levels of production and economic activity while maintaining environmental quality. 





The second and thirdtwo are likely to cause frustration and possible conflict when they are introduced. 





The third fourth  will be universally unpopular, and will be difficult to fine-tune to achieve the desired EQS.








Box 8: Rough calculation of carrying capacity:


 maximum acceptable nutrient load and corresponding shrimp aquaculture production for semi-closed lagoon system








Nitrogen in feed (g/kg)�
70�
�
Nitrogen in shrimp (g/kg)�
30�
�
Food conversion ratio (FCR)�
2�
�
Flushing rate (per day)�
1�
�
Lagoon size (ha)�
500�
�
Lagoon average depth (m)�
1.5�
�
Current N ambient conc. (mg/l)�
0.2�
�
Env. Qual. Std (EQS) (mg/l N)�
0.4�
�



        Calculation


Calculated parameter�
formula�
result�
�
technology pollution rate kgN/mt production�
(N in food – N in shrimp)*FCR1�
80�
�
Lagoon volume (m3)�
Area*depth*10,000�
       7,500,000 �
�
Flushed volume per year (m3)�
volume*flush rate*365 days�
 2,737,500,000 �
�
Environmental capacity (for N)�
(EQS-ambient)*flushed volume�
          547,500 �
�
Maximum shrimp production  (mt/yr) before EQS breached�
environmental capacity/technology pollution rate�
         6,844 �
�



1. Note that unit adjustments  cancel out




















Repeat survey





PRA in target  communities





�





Initiate community management and planning process: awareness and capacity building





Repeat survey





Improvement, adaptation 


of provincial and local plans





Implementation


provincial and local levels


deployment of incentives, constraints,  administration; development of institutional capacity; community organization





Baseline survey





Local aquaculture management plans for pilot areas


detailed practical objectives and targets based on provincial strategy and specific local needs; local  strategy, incentives and constraints





Provincial Strategy for Sustainable Aquaculture


Summarizes  key issues opportunities; planning needs and rationale; provincial objectives; strategy to achieve objectives; budget


Disseminate/discuss/revise/adopt





Focused survey and analysis on key issues





Identify further specific information needs


(e.g. nursery areas for fisheries)





Begin the planning process


Appoint chairman and drafting team.


 field visits; workshops (province; district; commune); specialist consultations 





Assimilate existing data


the place; the people; the development options:


background report/resource papers circulated based on available existing information + RRA











� GESAMP 2000. Planning and Management for Sustainable Coastal Aquaculture Development. 





� Brundtland, G.H. 1987. Our Common Future. World Commission on Environment and Development. Oxford University Press, Oxford.�
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