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1. Introduction 

1.1
The need for environmental management of aquaculture

The aquaculture industry is increasingly important to the economies of many developing countries and an important contributor to dietary protein needs.  Aquaculture exemplifies the intrinsic link between the environment and the economy: an economic activity that directly depends on a high quality natural environment for success; yet which can itself negatively impact that environment. Aquaculture development, and especially brackishwater production of shrimp, has developed rapidly but erratically in recent years. In many locations boom has been followed by bust as over-rapid and concentrated development has resulted in habitat destruction, poor water quality and increased disease incidence. These issues have been widely documented and reviewed (see, for example, 
Rapid development has both positive and negative social impacts, which vary according to local circumstance. The economic success of aquaculture may cause changes in ownership and access patterns; and aquaculture may negatively impact the well being of other resource users. 

There is widespread recognition that aquaculture development must therefore be managed, and its negative impacts limited in some way.  But there is little agreement as to the basis or mechanism for such limitation. On the other hand there are powerful arguments to promote and facilitate an activity with the potential to substantially benefit the livelihoods of poor people.

A precautionary approach applied too fastidiously could unnecessarily deprive poor people of the opportunity to use the environmental goods and services available to them.  An approach is required that is as objective as possible, which does not unnecessarily hinder development, but which takes full account of the productive capacity of the environment and the needs and values of all stakeholders in both short and long term. The concept of environmental capacity (EC) is fundamental to such an approach.

1.2
Applying the concept of environmental capacity to aquaculture management

The concept of environmental capacity and carrying capacity lies at the heart of most definitions of sustainable development. It recognises that there are limits to ecosystem productivity, or the capacity of the environment to assimilate wastes. The environment can only support a certain population, or level of activity, beyond which its functions and services may be impaired.

Article 9.1.2 of the FAO Code of Conduct for Responsible Fisheries requires that “States should promote the responsible development and management of aquaculture, including an advance evaluation of the effects of aquaculture development on genetic diversity and ecosystem integrity, based on the best available scientific information”.  Such an evaluation has little meaning unless the effects can be measured, acceptable limits to change agreed, and management strategies to prevent breach of these limits put in place. 

Environmental capacity is defined by GESAMP
 as “ a property of the environment and its ability to accommodate a particular activity or rate of an activity…without unacceptable impact”. The concept is therefore central to the promotion of sustainable aquaculture development, and the implementation of the FAO Code. Importantly, it requires us to address the cumulative impacts of the whole sector (and in its most comprehensive form all economic activity) on the ecosystem within a specified area. To date these wider cumulative and dispersed impacts have not been effectively addressed by conventional regulatory approaches such as EIA or individual farm consents (Hambrey 2000).

The application of the concept of environmental capacity to the planning and management of aquaculture development relies on two aspects:

1. The ability to measure the rate of environmental change and relate this to activities such as aquaculture

2. The determination of what amount of environmental change is acceptable, i.e. developing an environmental quality standard (EQS)

A recent GESAMP report
 suggests environmental capacity in relation to aquaculture may be interpreted as:

· The rate at which nutrients are added without triggering eutrophication; or

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

More practical interpretations are of particular relevance to the situation in developing countries. These might include for example:

· The rate of organic (or nutrient) flux into a defined aquatic system without reducing aquaculture productivity

· The rate or organic (or nutrient) flux into a defined aquatic system without negatively affecting the interests of other resource users

The concept of environmental capacity can, however, be expanded to include impacts that are more difficult to quantify such as reductions of natural habitat or even loss of scenic value due to visual impacts. 

Environmental capacity addresses changes to the environment rather than focusing on production, and relates to all possible causes of change. It requires an understanding of the processes involved in an ecosystem and the monitoring of changes to that system. The determination of carrying capacity on the other hand requires that we understand the contribution of a particular activity or set of activities to environmental change – for example the rate of production of nutrients per unit production of aquaculture. The two are intimately related. Understanding environmental capacity is a pre-condition for the estimation of carrying capacity of a particular activity.

Although environmental capacity and carrying capacity are scientific concepts, they incorporate a strongly subjective dimension.  The definition of ‘acceptable change to the environment’ and the definition of environmental quality standards, although informed by science, must rest on subjective judgement.

Various criteria may be applied to determine what is acceptable. In order to implement our commitment to maintain ecosystem integrity we need sub-objectives and/or indicators of ecosystem integrity. These sub-objectives might include, for example, water quality (as required for a range of economic and leisure activities including aquaculture); natural productivity; biodiversity; assimilative capacity. Since these objectives may be competing rather than mutually reinforcing (e.g. maximising productivity may not equate with maximising biodiversity or maintaining water quality for a particular activity) we need a decision making process which deals with multiple objectives bounded by absolute limits (beyond which ecosystems and most of their productive and or assimilative functions break down). While it is for scientists to inform on the rate processes, dynamics, indicators, and absolute limits; it is for the various interest groups or their representatives to make the trade-offs between objectives within these acceptable boundaries, and to set socially and economically appropriate targets for environmental indicators. These targets will ultimately be informed through an understanding of the nature and consequences of environmental change on the one hand, and the nature and distribution of resulting costs and benefits between interest groups over time.

Although this process must ultimately be subjective, there are some formal concepts for resolving the conflicts that may  arise in any attempt to define limits to what is acceptable. These are discussed further by Silvert
 who errs towards ‘fuzzy logic’ as an approach that may be suitable for aquaculture.  An example is the consideration of the extent of benthic impact: zero impact is assumed to be 100% acceptable while complete anoxia of the seabed within a specified area may be 0% acceptable. There exists a spectrum of levels of acceptability between these, likely to be dependant upon the stakeholder (farmer, fisherman, environmental NGO, member of local community).  Quantifying levels of acceptability, although still subjective, facilitates the negotiation necessary to reach a consensus on what is or is not acceptable change. 

A range of tools are now available, ranging from highly formal to highly informal and flexible, to facilitate decision making in the face of uncertainty and multiple objectives (refs****). While these are used increasingly in planning, and especially in respect of major controversial development projects, they have so far been applied very little to address the more subtle but equally important issues associated smaller scale but cumulative developments.

In practice quality standards have been traditionally set by scientists: internationally (European Directives), for example, List I and List II and Red List substances (Dangerous Substances Directives); or they may be locally derived from available data (e.g. sediment quality) to provide operational guidelines.  Inherent within the EQO/EQS approach is the concept of a mixing zone or Allowable Zone of Effect (AZE) where it is accepted that standards may not apply or be less stringent.  This approach requires a definition of the extent of this zone and the criteria to be achieved within it
.

In the following sections we review the environmental problems which aquaculture development faces, and the approaches to improved environmental management which have been applied in different parts of the world, including developing countries. We explore the extent to which environmental capacity issues are currently addressed, or could be addressed within existing and possible future management frameworks. We also briefly describe current DFID funded research (Tropeca) in Bangladesh and Vietnam which explores the application of environmental capacity as the conceptual framework for improved environmental management of aquaculture in developing countries.

2. The problem

Environmental and social impacts of aquaculture development

The negative environmental impacts associated with aquaculture are well documented (refs Maraqua reviews, GESAMP, 1991
 ****, WWF scottish stuff etc, Blacks review).  Box 2.1 lists the variety of potential impacts that aquaculture can have on the environment.

Box 2.1 Potential Environmental Impacts of Aquaculture
> Enrichment (from food, faecal or pseudo-faecal wastes)

> Interaction with the food web (i.e. removal of phytoplankton)

> Oxygen consumption

· Disturbance of wildlife and habitat destruction

· Physical changes to land and water resources

> Interaction between escaped farmed stock and wild species

> Introductions and transfers

> Bioactive compounds (including pesticides and antibiotics)


- Longevity of inhibitory compounds in animal tissues


- Discharge of inhibitory compounds in the aquatic environment


- Development of antibiotic resistant microbial communities

> Chemicals introduced via construction materials

> Hormones and growth promoters

In tropical developing countries the economic benefits of aquaculture development have in the past generally over-ridden environmental concerns. It is only now that the cumulative impacts of many developments (both small and large scale) have become evident that governments, and farmers themselves, are becoming concerned. Below we briefly review the main categories of environmental impact listed in box  2.1 

Nutrient enrichment and oxygen depletion

Intensive finfish and crustacean aquaculture generates substantial amounts of waste in the form of soluble metabolic products (in particular ammonia), uneaten food and faeces. Typically, for every tonne of salmon produced, we also generate *kg of nitrogen, *kg phosphorus, and * x kg of suspended solids. Equivalent figures for shrimp aquaculture are ******. Although feeds and food conversion efficiency are constantly improving
 nutrients from aquaculture now contribute substantially to total coastal nutrient loads in some countries and locations
.

Nor is this problem associated only with intensive finfish. Although shellfish cultivation involves a net removal of nutrients from coastal habitats, at a local level they concentrate nutrients, in the form of faeces, pseudofaeces and dissolved metabolic products
.

More extensive pond systems (for example of carps) on the other hand may be net nutrient sinks
 although much depends on the time scale taken.

Interaction with the foodweb

The nutrients generated by aquaculture may lead to changes in plankton communities with indirect effects throughout the food web. Equally, increased organic matter loadings on sediments in some sheltered coastal habitats may lead to wider and less predictable changes in ecosystem composition. To date few countries have faced up to these wider issues – either in respect of aquaculture or other nutrient sources. It is arguable that the precautionary principle should be invoked in respect of these impacts: they are poorly understood and unpredictable, but potentially significant with possible repercussions on other sectors such as capture fisheries. How strongly the precautionary principle should be applied in these circumstances is however not clear underr any existing guidelines.

Disturbance of wildlife, habitat destruction, and loss of common property resources

Aquaculture, along with felling for charcoal and conversion for agriculture, has contributed to the destruction of large areas of mangrove, which not only provides a variety of environmental goods and services to local communities (firewood, fisheries) and beyond (protection against erosion and storm damage), but also provides important environmental services to the aquaculturists themselves (nutrient buffers, food supply). Globally the proportion of mangrove destruction attributable to aquaculture is not high – perhaps 5-10%
 but locally it has been significant. For example, it is estimated that 99 percent of the Indus Delta mangrove has been deforested, a reduction of 34 percent has occurred in Indian mangrove areas and 60 percent of the Chakoria Sundarban mangroves have been lost to conversion to shrimp ponds
. Other coastal and estuarine habitats such as salt marsh and flats and lagoon systems have also been affected. 

These coastal habitats have often served as common property resources in the past. The extreme poor are often land-less and more dependent upon these resources than farmers.  They are therefore amongst the first to suffer as a result of environmental degradation
.

Social conflict associated with aquaculture development has occurred in S and SE Asia and S and Central America
. In India fishermen suffered reduced access to their fisheries as a result of broad swathes of aquaculture development (ref**). In Thailand there has been some conflict between shrimp farmers and rice farmers, as the former require (at least some) brackishwater, and the latter require fresh water (ref***). In Indonesia there have been significant conflicts between partner farmers, local agriculturalists and large companies engaged in aquaculture. Increasing social conflict has been observed in coastal areas of Brazil. In contrast to the initial objectives of establishing a shrimp culture industry as an option to poor rural villagers, entrepreneurs from outside the communities now own most of the Brazilian shrimp farms
.  

Impacts on soil and water resources and the spread of disease

In some areas pumping of groundwater and/or construction or modification of canal systems has resulted in saltwater intrusion into what were previously freshwater areas. Disturbance and release of acid from acid sulphate soils (common in mangrove areas) as a result of pond digging has also had negative impacts on resource productivity, including aquaculture yields. Excessive acidity is likely to reduce disease resistance.

Overall, the rapid and over-concentrated development of aquaculture, and particularly coastal aquaculture, has resulted in declines in soil and water quality, increased disease incidence, and more rapid disease spread. This has directly and negatively impacted fish farmers themselves,  in both inland and coastal environments. The knock-on effects of disease outbreaks are substantial for local communities and national economies. Some recent examples of the economic impacts are listed below:

· The total negative economic impact of two shrimp viruses, white spot syndrome virus (WSSV) and yellow head disease (YHD),  has averaged about $1 billion (U.S.) annually since 1994 in major shrimp-growing countries, including China, Thailand, India, Indonesia, Bangladesh, Malaysia, Taiwan, Vietnam, and Japan
.  

· In Asia, WSSV has caused severe economic losses to the shrimp industry; due to the effects of the virus, China reported losses of US$1 billion in 1993, while in 1995, Thailand lost over US$500 million.  At the end of January 1999, WSSV was detected in Nicaragua, Guatemala and Honduras. Later, the virus was also reported in Panama, Ecuador and on Colombia’s Pacific coast.

· Marine finfish disease losses in Japan in 1992 were reported at US$114.4 million
 (Arthur and Ogawa 1996). 

· Between 1995-1997, ”red spot disease” of grass carp affected 4000 of 5000 cages in Northern Vietnam, with losses estimated at US$ 500 000
 .

Financial losses are not restricted to the tropics or to developing countries as the bankruptcies in Scotland due to ISA outbreaks and Norwegian losses due to Hitra disease in farmed salmon testify.  Australia benefits from low production levels in relation to coastal area, and low levels of water pollution generally, permit a high standard of aquaculture products, but there have already been significant production losses due to adverse environmental impacts on and from aquaculture
.

Interaction between escaped farmed stock and wild species

There has been much concern and debate over the possible interaction between farmed salmonids and the capture fisheries for wild salmon. These interactions include possible competition for breeding and food resources, genetic exchange, and disease spread. The high incidence of sealice in farmed and wild salmon has become an issue of particular concern. In practice clear relationships and impacts are – like the food web effects noted above – extremely difficult to assign and quantify, but nonetheless are potentially highly significant, with obvious potential effects on other resource users. The relationships between farmed and wild shrimp (Penaeus) are also widely debated, but remain uncertain.

Introductions and transfers

The main reported impact of introduced aquaculture species has been in terms of disease introduction to stocks which may have limited resistance. The classic example of this was the introduction of Bonamia? To European shellfish stocks, following the introduction of the Pacific oyster. Direct competive impacts have occurred following the introduction of Tilapia to some parts of the world – in particular Australia. The impact, if any, of the  recent introduction and widespread culture of Western White Shrimp Penaeus vannemei in East and SE Asia remains to be seen.

Chemicals

Chemicals are used widely in the aquaculture industry for both water treatment and disease prevention/treatment. In some countries the use of antibiotics has been particularly widespread and unregulated, with potentially serious impacts in terms of the development of resistant strains of bacteria – with potentially serious implications for both human and cultured organism health.

Other chemicals, and especially pesticides used to treat protozoan and crustacean parasites, can have significant impacts on the wider environment, including the larval stages of commercially important crustacean and shellfish.

The use of chemicals may incur penalties to the aquaculture industry itself including: (1) international trade difficulties arising from drug residue monitoring and enforcement programmes; (2) the potential for loss of efficacy of prophylactic antibacterial agents; and (3) increased demand for and complexity of effluent treatment (GESAMP, 1997
.)

The cumulative nature of most environmental and social problems – implications for management

The short review presented above illustrates the cumulative nature of most environmental impacts from aquaculture – insignificant in relation to most small developments, but increasingly serious as the sector grows. At some point the capacity of the environment to cope with the pressure – from nutrients, from chemicals, from habitat destruction, from alien species etc - is exceeded, and water quality declines; disease becomes endemic; other interests are compromised. Environmental capacity has been reached or exceeded. Efforts to define and estimate environmental capacity, however difficult, are therefore fundamental for the environmental management of the sector. We need a more strategic approach based on the understanding that there should be  overall limits to the pressures generated by the sector as a whole within a particular aquatic system or area. Traditional one off EIA in relation to a particular farm is totally inadequate to address cumulative issues.

Although the concept of environmental capacity is not strictly applicable to social problems, the management issues are the same: while a few small developments have insignificant social impact, a large number or large scale of development does. There comes a point at which cumulative development exceeds the level that is socially acceptable. We need to estimate or agree what that level is in advance, so that aquaculture can be managed in such a way as to avoid social conflict.  As for the environmental impacts, the problems cannot be approached piecemeal, through farm level consents or EIA; rather a development strategy must be formulated, based on an estimation of acceptable levels of development or limits to change, and a management system must be put in place to meet the overall strategy.

2.2
Reactions to the problems

In practice, while there have been substantial government, agency and industry responses to the social and environmental issues associated with aquaculture development, few have effectively addressed the cumulative problems described above. Where some attempt has been made to address them, this has most often been in the form of an arbitrary ban or limit on activity in response to pressure from specific interest groups. Only in recent years is there some evidence of more strategic approach developing.

Environmental policy in industrialised nations increasingly reflects the public perception of the environmental impacts of aquaculture, which are often exaggerated relative to the impacts of other economic activities. It has been argued that this has led to simplistic or overly severe marine policy with reduced reliance on science
.  

Canada has an indefinite moratorium on licences for new salmon production operations.  In New Zealand there remains a moratorium on site licences for new aquaculture production, while Aquaculture Management Areas (AMAs) are established by local councils.  Environmental groups in many other countries are applying increasing pressure on their governments to do the same.

The governments of some developing countries have also introduced highly restrictive legislation in relation to further aquaculture development, although these restrictions are rarely fully enforced. In 1991 the Thai government banned the conversion of mangrove for shrimp farming, and five years later in 1996 it produced a 20 year sustainable development plan that included an environmental plan for shrimp farming. In the same year mangroves in Ecuador were designated protected woodland to prevent further loss of mangrove to shrimp farming.

In India, following a cost-benefit analysis that concluded the costs of coastal shrimp farming and its impact on alternative coastal use exceeded benefits by 4 to 1, the Indian Supreme Court ruled that all large intensive shrimp farms within 500m of the high water line should be demolished by 1997
.

The Vietnamese Fisheries Law (draft, 2002) states that it is prohibited to discharge untreated and disease-infected waters from an aquaculture site into an outlet channel, aquaculture ponds or into a natural watershed that do not meet the criteria as regulated. It also states that the Ministry of Fisheries will formulate a specialised technique for aquaculture sites, national hatchery centres and monitoring stations for environment prediction and fish quarantine stations
.

Despite these attempts by governments to regulate aquaculture and its impact on the environment in recent years, the problems have persisted and in many cases worsened.  Claridge (1996)
 has identified a number of legal  and institutional factors that may contribute to the negative impacts of shrimp farming, which are of relevance to other aquaculture systems in developing countries:

· Inappropriate, ambiguous or a lack of legislation

· Inappropriate or lack of environmental standards

· Lack of effective land use and resource allocation controls

· Conflict between law enforcement and other government functions

· Ineffective or non-existent law enforcement

Article 9 of the FAO Code of Conduct for Responsible Fisheries
 requires member States to develop an appropriate legal and administrative framework to facilitate the development of responsible aquaculture.  The focus is on encouraging states to help the farmers help themselves as it recognises that ‘command and control’ measures are rarely effective and ‘soft laws’ such as codes of practice developed primarily by the industry itself more likely to have a positive impact.

Developing legislation by itself is unlikely to solve the environmental, economic and social problems that occur when aquaculture exceeds environmental capacity.  Where legislation has been developed it has generally failed to recognise the need to consider the cumulative inputs from aquaculture and the environmental capacity of water bodies to process those inputs.  These problems associated with aquaculture regulation in developing countries suggest it will take some time before  “state of the art “ aquaculture laws will be drafted, but in any case the belief that legal prohibition of unacceptable behaviour will solve environmental concerns is almost certainly erroneous.

International organisations and the producers themselves are also attempting to deal with the environmental problems facing aquaculture. In response to growing concerns over disease the Network of Aquaculture Centres in Asia (NACA) is attempting to increase awareness of disease outbreaks and encouraging the adoption of management practices that reduce the risk of disease.  At the request of the Government of Indonesia, NACA has organized an Emergency Disease Control Task Force Team to accurately assess the disease situation and find measures to reduce the risks and further spread of the disease
.

Actions to counter the risk of disease are often reactive rather than preventative.  The FAO has set up Aquatic Animal Pathogen and Quarantine Information Service (AAPQIS) in order to track the development and spread of disease .  As a result of devastating disease outbreaks, many South East Asian countries have invested in expensive quarantine and testing regimes.  The Thai government and international donors are also funding research into closed system and recirculation technologies to avoid farm to farm transfer of viruses and chemicals. 

Increasing numbers of producer groups are developing codes of conduct and best management practice.  Farmers increasingly recognise that poor management in neighbouring farms increases the risk to their own crop, with the cumulative effect of all their farms degrading the receiving environment.

Farmer groups, often working with International organisations to provide technical/management guidance, have developed voluntary codes throughout Central and South America (Mexico, Honduras, Ecuador, Chile) to encourage better and consequently more environmentally friendly shrimp farming practices.

Codes of practice have also been developed in Australia (Australian National Aquaculture Council codes for prawn, tuna and silver perch farming), Thailand (government scheme adapted by local farmer groups) and at a local or regional level throughout Asia.  Codes of Conduct have also recently been developed in Europe by the Federation of European Aquaculture Producers as an extension of the FAO Codes of Conduct for Responsible Fisheries.

3. Management tools and approaches 

In this section we examine in more detail the strengths and weaknesses of different tools and approaches which can be used for the environmental management of aquaculture development.

The environmental impact of aquaculture can be mitigated by influencing different elements in the establishment and production cycle: siting and design; input quality and quantity; production processes; output quantity and quality. These are not mutually exclusive: controls on outputs may for example force changes in production processes. These different elements can in turn be influenced in different ways: through government regulation; through voluntary initiatives and industry self regulation (driven by communication, persuasion, and facilitation); and through the use of economic instruments. A comprehensive management strategy and plan may encompass any or all of these tools applied to the different production elements. 

Table 3.1 Summary of management approaches according to activity and tool

	Application of tool
	Regulatory
	Voluntary
	Economic

	siting and design
	Strategic planning leading to zoning and/or enforced site selection criteria; 

Standard planning procedures and consent conditions including design criteria; 

EIA and follow-up siting and design conditions.
	Recommended site selection and design criteria in code of conduct;

. 
	Tax incentives, grant or subsidy (could relate to zoning and/or site selection criteria);

Infrastructure provision (e.g. water supply and disposal; markets; utilities)



	examples
	MOM (Norway); EIA (many countries);

Settling pond requirements (Thailand)
	DESTA (Australia); GAA code of conduct
	Supply and effluent canals in Thailand;

Differential grant rates in European regions

	applicability in developing countries
	Significant where strong government and planning tradition (e.g. Vietnam; China)

Limited in countries such as Bangladesh 
	More easily promoted and applied for larger scale operations;

Siting rarely a matter of choice for small scale operations


	Locally effective; but limited wider impact where aquaculture activities are highly financially attractive.

For the poor, site selection depends on site availability, not economic optimisation

	inputs
	Disease and stock controls

Conditional (on quality; quantity) licensing of seed, feed and chemical production and/or sale;

Site limitation/control on feed or seed quantity
	Seed and feed producer quality initiatives – better results = more customers 


	Subsidy or tax breaks related to use of particular ingredients or products; 

Price premium for use of certain products (organic or eco-label accreditation) 

Customer requirements (certain supermarkets)

Trade controls

	examples
	Danish farm feed limits; feed composition limits

Seed quality initiatives (?)
	PCR certified seed, Thailand

Improved fish feeds, generating better returns and better environmental performance
	Organic labelling of salmon and shrimp

Export market food quality regulations (eg. EC, US)

	applicability in developing countries
	Effective only where motivated and efficient civil service
	Highly applicable, dependent upon training/skills/knowledge

Only large scale operations able to consider high-tech control.
	Food quality regulations already having significant impact in DCs;

Price premiums still very limited market share; 

	Process
	Site biomass limits

Effluent discharge regulations 

Animal welfare regulations

Food safety regulations
	New technology

Codes of Conduct/Practice (CoC; CoP)


	Quality/organic/environmental labelling relating to production process

Environmental Payment Systems linked to beneficial farming practice 

	examples
	Site biomass limits (Scotland)

Thai and Vietnamese pond effluent discharge regulations
	Aquasmart feed management system 

CoC: FAO (global) , FEAP (Europe); GAA (shrimp)

CoP: Shrimp farmers in Honduras, Ecuador, Thailand; many salmon production companies/associations
	Organic labelling of salmon and shrimp

No examples of EPS to date

	applicability in developing countries
	Difficult with many small operators. Risk for farmers as limited crop unless other measures imposed 
	Applicable, but more difficult to promote, implement and monitor/certify with decreasing scale and increasing poverty
	Price premiums still very limited market share;

Chain of custody difficult to establish with dispersed small scale industry

EPS not a priority for DCs 

	Outputs
	Production limits associated with site permit 

Discharge consents (quality, quantity)

Environmental quality objectives and standards (EQS)
	CoP ; local user agreements 

Avoidance of negative impact on own operation (water quality)

Marketable by-products (seaweed/urchin for salmon)

Polyculture (practice with one impacts on another)
	Emission fees (Polluter pays principle); tradeable permits; product quality standards (eg. depuration of shellfish in cat. B etc.)



	examples
	Site production limits (eg Scotland, Finland);

Discharge consents (most developed and developing countries with significant aquaculture industry); 

EQS (Norway; Australia)
	Local farmer agreements: Thailand; Sumatra, Indonesia


	Colombian shrimp farm taxation based on nutrient differences in intake and outflow waters

	applicability in developing countries
	Typically not enforceable- excessive monitoring and scientific assessment required
	Applicable; but requires farmer organisation and co-operation. More complex and difficult with large numbers of small farms.
	Requires close monitoring - difficult to apply to small-scale operators


It is clear from Table 1 that many of the tools available are difficult or impossible to apply to small scale farmers in developing countries. It is also questionable as to whether any of these approaches can effectively take account of cumulative impacts or ensure “ecosystem integrity”.  In the following sections we discuss the three main tools or approaches (voluntary, regulatory and economic) in more detail, exploring how they can be applied in practice to the different dimensions of aquaculture activity,  and their strengths and weaknesses.

Siting and design

The environmental impacts of a fish-farm depends critically on its location and design. The impacts of the sector as a whole, and its vulnerability to disease and poor environmental quality, depend upon more subtle aspects of siting, such as pattern, distribution and density of farm enterprises. 

This issue is typically addressed in four ways: 

1. Voluntary: through the promotion of site selection criteria (i.e. voluntary and informed);

2. Regulatory: through the imposition of site selection criteria; either standard criteria, or “custom” criteria, based for example on the outcome of EIA. 

3. Economic: through the provision of sites, infrastructure, or subsidy (conditional on location/design)

4. Planned: two or more of the above, bound together within an overall aquaculture development plan, at minimum addressing where development is to take place, and in more comprehensive plans, how much and how many.

All of these approaches have been used in different parts of the world, in different combinations, and all have had some success. 

Voluntary

Voluntary approaches are near universal. Most countries have produced extension materials in an attempt to promote improved site selection and farm design, and this may had had a positive impact in some cases, especially in developed countries where site selection is more clearly subject to entrepreneurial choice . Increasingly also international agencies, governments and industry organisations promote Codes of Conduct (CoC) and Good Management Practices (GMPs) which include appropriate site selection and design criteria.

Most GMPs do address aspects of good site selection for individual operations; but sectoral planning is required for managing numerous operators to avoid problems associated with over-development when multiple operations begin to exceed the carrying capacity of the system.  It is clearly not in an individual’s or group’s interests to encourage new entrants that may contribute to aquaculture exceeding environmental capacity.  A self-governing planning regime is therefore likely to:

· prevent new entrants;

· find new development by individuals within a group difficult to adjudicate on.

Participatory planning still therefore requires linkages with responsible authorities and local government to ensure sustainable and equitable development.
Regulatory

Regulatory approaches include broad brush prohibitions on shrimp farming activity in certain national parks or forest land categories (e.g. Indonesia, Thailand, Vietnam); in freshwater areas in Thailand; and within 500? metres of the coast in India (refs***). License permits in many countries are conditional on specific design features, such as the use of settling ponds or predator nets.

Environmental impact assessment also has the capacity to influence siting and design through regulation. Good EIA practice requires alternative sites and technologies to be considered (though this is often not done), and development consent may then be conditional on development of a particular site in a particular way. 

Economic

Economic incentives have been successfully introduced in several countries, although to date they have been directed more at encouraging development in suitable locations (“aquaculture parks” or projects) rather than discouraging development in unsuitable areas – which arguably is the greater problem in the case of most aquaculture development. 

Thailand now has several major infrastructure projects where large scale canal systems have been designed specifically for aquaculture, ensuring high quality inlet water and effective waste water management. In Europe grant subsidies are available for the development of aquaculture in suitable areas in need of economic development; indeed these subsidies are graduated according to economic need, and can therefore been used to achieve relatively subtle impacts on the location and intensity of development.

Large-scale intensive operators may be persuaded by authorities to establish in certain designated aquaculture development zones by reduced taxation or subsidised start-up costs.  This economic approach may be an alternative to or in addition to regulatory instruments such as licencing and assumes the aquaculturist has a choice of potential sites.  For small scale aquaculturists in developing countries this is often not the case as culture systems are associated with local available land or water resources.  These assets may be sub-optimal in relation to suitable conditions for aquaculture, but will still be used for aquaculture if returns exceed those for other uses.

For the landless poor, small scale cage culture has been found to be a successful in poverty reduction strategy
.  Donor organisations have encouraged development of such culture through training and subsidising the minimal start-up costs.  Being low input systems, cumulative environmental impacts are thought to be minimal.  Encouraging development is therefore possible in developing countries even for people without many assets.  Managing that development once it has been initiated is more difficult, given the large number of operators and limited management resources.   Economic management tools therefore present a number of benefits in developing countries as they use the market itself to regulate the industry rather than expensive monitoring and enforcement activities.

Planned

Strategic planning approaches are less common, but are increasing as awareness and understanding of the problems increase. Some examples are:

· New Zealand – Aquaculture Management Areas (AMAs) are to be established following a two year moratorium on new permits. The councils will be required to address adverse effects including cumulative effects of aquaculture (ref) 

· Hong Kong SAR has 26 designated “Marine Fish Culture Zones” and modelling is used in certain areas to show impact of various aquaculture species and feed types and levels of activity on prescribed water quality objectives. This has been assisting them in the planning process as well as giving advice to farmers on site selection
. 

· Zambia has conservation planning areas, wherein layout of the land for fish farms can be specified (ref)

· Ecuador has local zoning plans developing agreements between local residents and farmers allowing shrimp farming to continue along with traditional uses and mangrove planting.(ref) 

· In Vietnam a major Danida funded project – Support for Brackishwater Aquaculture - is underway to promote coastal aquaculture within a planning framework

However, many developing countries do not have the institutional capacity to implement centralised planning and influence aquaculture development.  In many areas of South East Asia aquaculture development goes on unchecked, as authorities cannot adequately control the large numbers of small operators involved.  Authorities also lack the scientific information on which to base planning decisions. 
Strengths and weaknesses

While voluntary and regulatory approaches can deal effectively with issues related to siting and design of an individual farm, they are much weaker than economic and planning approaches in addressing the issue of overall pattern, distribution and density of development. They are therefore likely to be weaker in terms of addressing cumulative sustainability issues, and environmental capacity.

A further problem with the voluntary and (ad-hoc) regulatory approaches, especially for small scale operators in developing countries,  is that site “selection” as such rarely takes place. If a farmer sees that he can convert his land to aquaculture, or gain access to a particular piece of land or water to develop aquaculture, and make money, he will do so. Site selection in practice has everything to do with access, availability and feasibility, and very little to do with technical site selection criteria.

Inputs 

What comes out of a fish farm depends upon what goes in. Management of inputs (seed, feed, chemicals) therefore has a major influence on environmental impact. The greater the efficiency of food (and specifically nutrient) conversion, the less waste per unit production. Higher quality seed should result in higher survival, less disease, less chemical use, and better food conversion efficiency. Careful use of more effective chemicals should result in less direct pollution, less disease, improved food conversion efficiency, and - for nationally and especially  internationally traded products – improved marketability. 

Overall, better quality and more effective inputs should allow for higher rates of production within a given environmental capacity, and are therefore essential preconditions for sustained economic growth. Fortunately improved input quality also commonly generates increased short term returns to both feed producer and farmer, and has therefore been afforded substantial attention by governments and different sub-sectors of the industry alike.

In practice high levels of control of input quality and quantity is difficult except for large scale intensive production systems typical of marine finfish farming in developed countries.

About 80% of carp and 65% of tilapia worldwide are farmed without the use of modern compound feeds—feeds formulated from multiple ingredients33.  These are species where low levels of feed inputs typify production.  Although farmers must observe pond conditions carefully in these production systems they are unlikely to be the cause of environmental degradation through increased nutrient loading. Indeed, there is evidence that these systems tend to cause net depletion of nutrients when the harvest is taken into account.

In developing countries there are typically three types of aquaculture production system: fresh or brackishwater pond culture using fertiliser and sometimes supplementary feed; more intensive aquaculture in ponds or cages using trash fish, sometimes mixed with other feed ingredients; and semi-intensive to intensive aquaculture using mainly manufactured pelleted feeds. The environmental impacts of these different systems depend on the quality and quantity of inputs, the nature of the receiving environment and management skills. Use of poor quality or inappropriate feeds and over-feeding can cause environmental problems irrespective of the type of feed used. The opportunities for regional or national level quality control and improved guidance on suitable feeding rates are however greater for manufactured feeds.

The quality of inputs used in aquaculture operations can be influenced through voluntary, regulatory or economic measures or a combination of these within a broader planning and management system. The quantity of inputs used – of equal importance – is dealt with in the section on “process” below.

Voluntary control of inputs 

Feed manufacturers in developed countries are constantly striving to produce higher quality feeds that deliver improved financial performance to the fish farmer, through better growth rate and improved food conversion efficiency. These feeds also deliver improved environmental performance, since this is closely associated with food conversion efficiency. The average effluent load (nutrient load / product yield) has significantly reduced in intensive aquaculture due mainly to improvements in formulated feed and improved feeding practices
.  An improved understanding of the nutritional requirements of cultured species at each stage in a lifecycle along with development of high-energy diets have contributed to less wastage.  

Industry sources suggest that the quantity of nitrogen discharged per tonne of salmon production has decreased from almost 180kg/tonne in the late 1970s to less than 40kg/tonne in the mid 1990s. In the case of one land-based salmon farm in Norway reduction of nitrogen content in the feed linked with increased fat content has reduced the ammonia concentration in effluent water by 38%
. While these historic improvements have come mainly from improved feed quality, future progress is more likely to come from improved feed management systems.

Increasingly in Western countries, feeds are being designed and marketed specifically to deliver high environmental performance, so farmers can take advantage of various forms of environmental certification and labelling initiatives. These are increasingly tied to codes of conduct (typically applying to the industry as a whole) and codes of practice (typically associated with a particular producer group or marketing initiative. These codes may specify food quality parameters, and/or constrain the sourcing of ingredients to other environmentally friendly industries.

In developing countries the situation is radically different except for the largest producers. Feed types and feed practices are usually far less sophisticated and more difficult to manage. Only a small proportion of farms use formulated feeds (although this is increasing rapidly), and understanding of quality and the trade-off with price is generally poorly understood. Feed manufacture quality control is often low, batch variability high, and storage inadequate, especially in tropical conditions. Farmers are often not able to make informed choices about feed, and the incentive on the producers to maximise quality is therefore limited. Price remains the dominant selection criterion.

Many producers in developing countries use trash fish and/or a variety of household and other wastes to feed their fish. In some cases the wastes associated with these feeds contribute to pond fertility and are therefore essential to maximise production and financial returns. Agreeing standard codes and protocols (whether the objectives are financial return or environmental quality) is therefore problematic.

Seed quality management has become a highly sophisticated business in developed countries, and quality control is often rigorous. There are major commercial incentives to ensure high and increasing seed quality and customer satisfaction. Traceability is hardly an issue; sales are typically direct from hatchery to grower. 

In developing countries the situation is again very different, and seed quality may actually be declining in some countries. Until recently seed production was typically undertaken by state run hatcheries. Quality control was usually a matter of scientific pride (although the lack of competition may have worked against this in some cases) although cost was hardly an issue. The private sector is now becoming increasingly important, and is dominant in most countries. Unfortunately, the small scale of enterprise, complex distribution networks and supply chains, and poor handling throughout militates against high quality and traceability. In some cases broodstock is over-used and genetically  impoverished. Farmers may not know the hatchery from which their seed was sourced. However, as the scale of enterprise increases, information networks develop, and product traceability improves, a more market-based assurance of quality should become possible. Hatcheries that are found to have supplied disease-ridden seed are unlikely to remain in business for long. However, it is likely to be some time before this process is both effective and fair. Many factors, including genetic quality of the broodstock, rearing conditions in the hatchery, distribution, handling and the farmers own husbandry practices are likely to affect survival and growth. Farmers will always be inclined to blame seed quality rather than their own practices, and objective identification of key points in the production and distribution chain affecting quality will remain difficult. Government may need to intervene, at least in the early stages, to promote higher quality production and distribution and to facilitate exchange of objective information.

Some changes are already taking place. In order to protect their reputation and generate increased demand for seed, some larger and more sophisticated commercial hatcheries are beginning to provide technical assistance to farmers on how to avoid and deal with disease and maximise survival in the early stages.  

Regulatory control of inputs 

Feed

There are legal limits on phosphorus and nitrogen content of aquaculture feeds in some European countries such as Denmark (ref**). These limits can result in substantial improvements in environmental performance with limited administrative cost. Enforcement is relatively simple in the case of manufactured feed through spot batch analysis at the point of production. 

Authorities in some countries (including Denmark and Finland) have also attempted to regulate the quantity of feed inputs, on the basis that this will necessarily limit effluents, and may stimulate improved feed management practices and use of higher quality and less polluting feeds. 

Regulatory control of feed input quantity and quality  is impractical in most developing countries. A wide range of feeds are used, including locally available vegetable and animal wastes, trash fish, moist pellets made locally from a mix of ingredients, and formulated feed. Control is very difficult except for dry compound feeds, which are not yet the norm in most developing countries.

Seed

Following on from the rapid spread of viral disease in shrimp over the last 2 decades, many countries in S and SE Asia imposed import bans on shrimp and fish seed. The tendency to do this is reinforced by the desirability in some cases to protect fledgling domestic hatchery industries.

The use of wild-caught fry has environmental capacity implications as fry-collection may impact on capture fisheries. In Bangladesh a ban has been imposed on shrimp-fry collection in an attempt to reduce perceived environmental damage, although the ban has not been implemented.  Alternative livelihoods are being investigated for the large numbers of fry-collectors that will be affected if the ban is effective.  Some estimation of sustainable fry collection linked to the (environmental) capacity of a system to sustain a certain level of fry harvesting would allow some within a community to make a living as fry-collectors.

Chemicals

The control of chemical use in aquaculture is mainly realised through licensing of chemicals and monitoring of farms and end products.  Chemicals persistent in the environment are being phased out and farmers are learning the disadvantages of improper use.  Both pose challenges for developing countries where institutional limitations often prevent adequate enforcement to check for sale and use of banned chemicals.

Some pharmaceutical companies attempt to offload chemicals that are banned elsewhere onto developing country farmers at a discount.  These farmers are keen to use any chemical they feel will protect their crop, often using chemicals improperly (wrong type or too much) due to a lack of training.

The impact of a chemical input can go well beyond the confines of a farm unit and co-ordination on a wider scale is necessary.  Local management agreements associated with codes of conduct appear to be the answer here.  A major step would be the development of local fora and communication channels that would allow notification of such actions and co-ordination of water exchange amongst adjacent farmers. 

3.3.2
Economic management of inputs

Economic management of inputs can be achieved through taxing the use of environmentally damaging inputs – low quality feed and seed, certain chemicals and medicines – or subsidising the use of more environmentally friendly alternatives. A key principle in the use of such tools is to balance taxes and subsidies so that there is no net cost to the sector or the government. 

There are few if any examples of this approach having been used to date – either in developed or developing countries.

Management practice

Government can only have limited control over husbandry and management practices on farms – except in so far as controls on siting, design, inputs and outputs influence these practices. Typically therefore farm management is subject to more general manipulation through codes of conduct and codes of practice. Although attempts may be made to enforce codes of conduct or practice this is necessarily difficult in both developed and developing countries, and voluntary industry led approaches are therefore the norm.  Voluntary approaches are now being reinforced through market demand and the opportunities offered through government or private certification schemes.

Innovative technology may also have a substantial impact on management practice and environmental performance. Adoption of these technologies may be stimulated indirectly through input and output controls or directly through licensing conditions. 

Regulation

Regulatory instruments may used to encourage certain farm practices.  In agriculture for example there are specific regulations relating to animal welfare. Practices such as stocking density may in future come under this kind of regulation in European countries, but are unlikely to be either introduced or be effectively enforceable on smaller farms in developing countries.

More generally, international and regional commitments and national legislation may call for  “Best Available Technology Not Entailing Excessive Cost” (BATNEEC); but this is not easily enforced, even with respect to large companies in developed countries, and is largely irrelevant in developing countries.

Increasingly therefore governments take a less command and control approach, and seek to facilitate or encourage adoption of good practice. They do this through promotional materials, hosting workshops to develop codes of conduct and practice, and encouraging the development of industry standards such as ISO 14001. Although these standards are voluntary at the present time, there is no fundamental reason why they should become legally required at some point. 

Voluntary/industry

Improved management practice by its very nature is most suited to voluntary approaches and industry initiatives. There has been a proliferation in recent years of industry led codes of practice (good management practice, GMP; best management practice BMP) throughout the world. Some of these are very broad based, and seek to address the concerns of consumers, environmental groups and the public at large about the sustainability of aquaculture. Others are much more specific and seek to exploit a market opportunity for a distinct product reared in a particular way (such as organic standards).

Unlike most regulatory approaches, codes of practice usually seek to address every aspect of a culture process -  siting/design, inputs, process and outputs.  They tend to be flexible documents under continual review, since knowledge and technology are constantly improving, offering new opportunities for improved environmental performance, productivity and profitability.

The drawing up of codes of conduct and codes of practice are becoming commonplace in aquaculture.  The two can be differentiated by simply defining codes of conduct as ‘how you behave’ and codes of practice as ‘what you do’.  As such Codes of Conduct are more general and can be sectoral in scope, while Codes of Practice tend to be more specific and technical.

Aquaculture codes of conduct have recently been developed by international organisations such as the FAO and FEAP
 while more technical codes of practice have been developed (mainly for shrimp culture) by NACA and the Global Aquaculture Alliance (GAA) and Aquaculture Certification Council (ACC).  In addition industry groupings in a number of countries have developed codes of practice, again mainly relating to shrimp culture including Thailand, Mexico, Ecuador, Honduras, Greece, Bangladesh and Australia.

Codes and GMPs can only be developed effectively on a collaborative basis as they are voluntary and therefore require consensus amongst stakeholders to adhere to the practices outlined.  Actual practice is found to lag behind generally accepted good practice as some GMPs may be unfeasible, too costly or otherwise unacceptable
.  A useful exercise is to compare actual practice with GMP and determine where the largest difference occur and why – this helps to develop appropriate strategies to encourage more widespread adoption of GMP, or address specific issues using alternative tools .  Overall the more important aquaculture is to the community, the more interested and committed it will likely be in adopting better practices
.
Environmental capacity is increasingly referred to in codes of conduct or industry objectives, such as the following ‘vision’ for aquaculture in Sinola, Mexico
:

“More efficient aquaculture production, developed within the sustainable capacity of the coastal ecosystem, managed through aquaculture parks, with open participation from all sectors, organised as one association with an entrepreneurial vision.”

Environmental capacity is, however, yet to be used within industry codes of practice as the basis for establishing Environmental Quality Standards and local user agreements.  

Feed management
Optimising the feeding regime is both beneficial to the farmer and the environment.  Feed is generally the largest operational cost and any waste of feed is therefore a waste of money.  Achieving the correct feed input in terms of quality and quantity is therefore a key consideration for maximising production within the limits of environmental capacity. Being so obviously in the farmers own interest, feed management appears more suited to a participatory approach than to a regulatory framework. Regulations may limit innovation, set sub-optimal levels and be difficult to enforce. This is particularly true in a developing country situation. Improved feed efficiencies and regimes are therefore an important part of BMPs.

In small scale fin-fish systems in developing countries, feeding is typically adjusted by observation. With the high labour levels often typical of these production systems, feeding may be adjusted very accurately to reflect demand. In these situations, quality rather than quantity of feed may be a better target for improved environmental management.

The cage culture of lobster in South East Asia mainly involves the use of trashfish as feed.  Close observation of feeding habits is conducted and uneaten trashfish is collected by hand from the bottom of the cages and the seabed.  The success of this culture system in certain coastal areas has nevertheless resulted in a localised reduction in water quality, causing increased mortality rates and greater costs as farmers move cages to the seaward edge of culture areas seeking unpolluted water.  Individual farmer control of feed inputs is not enough in this instance as feed inefficiencies and waste outputs from the cages still culminate in nutrients exceeding environmental capacity.

Feed provision in intensive shrimp farming is generally adjusted according to consumption as indicated by residual food (or lack of it) in a feeding tray.  In practice all of these systems tend to adjust feeding rate to the point of satiation.  This may still be a higher rate than that generating optimal food conversion, growth rates, and minimum pollution.  The return to the farmer may, however, justify a certain level of overfeeding, as they may achieve higher growth rate and production, usually resulting in better profitability.

Reducing the environmental impacts of feed inputs will mainly be through training and local management agreements: farmers can be made more aware of the benefits to themselves of avoiding overfeeding and groups of farmers can reach agreement to avoid the cumulative affects of excessive feeding.  The use of potentially unsuitable or unsustainable feeds can also be phased out through these two methods.

Technical innovation can have a major impact on improved feed management. Computerised feedback systems, such as ‘Aquasmart’, are increasingly used by the salmon industry throughout the globe.  The supply of feed is shut off as soon as feed in a cage is left uneaten and falls past a sensor at the bottom of the cage.  The system is sensitive enough to significantly reduce feed wastage with the economic and environmental benefits this brings.  For aquaculture in developing countries, the Aquasmart system is not suitable as it is associated with a particular feed regime, is costly and impractical to install.  

Economic tools

Those economic tools which could be applied to inputs can also have an influence on management practice. Clearly the more expensive an input is, the greater the likelihood of efficient utilisation. A tax on any input whether it be water, feed, seed or chemicals is likely to result in more careful and efficient use. 

In practice increasing the cost of key inputs typically causes political outcry (although it has been achieved to a very substantial degree with fuel). For developing countries keen to see aquaculture develop however, such taxes are highly unlikely. 

Outputs

The most significant outputs from aquaculture in environmental terms are nutrient loads from uneaten feed and excretory products, and chemical and pharmaceutical products.

Voluntary

Most codes of conduct and practice include provision to reduce waste outputs. It is normally in the farmers interests to increase the efficiency of input use, and this in turn will reduce the level of outputs.

 It is less obviously in farmers interests to reduce the actual discharge of waste from his farm – indeed most farmers are keen to flush wastes out of their system and/or surrounding waters as quickly as possible. When these wastes begin to build up in the immediate surroundings, and in turn begin to affect the quality of water entering the farm, the incentive to reduce waste outputs may strengthen, and indeed, peer pressure may also increase.

Voluntary management of waste for the good of an individual farm or groups of farms therefore has significant potential, but may need to be encouraged/facilitated, especially where the problem is a group rather than individual farm problem.

Regulatory

Where resources permit, environmental quality objectives and associated standards have been applied to the aquaculture sector.  With EQS are in place, frequent and extensive monitoring regimes are required to ensure compliance with standards.  The cost of this monitoring is significant and is either borne by government or, as is increasingly the case, imposed on the producer (the ‘polluter pays principle’).  Despite these efforts to quantify and regulate outputs such as nutrients, the levels allocated are rarely directly related to the capacity of the receiving environment to deal with those outputs.

In Denmark a discharge quota for nitrogen (550t) and phosphorous (54) is allocated to the aquaculture sector, but the quota is not specifically related to a defined carrying capacity of the environment.  Despite the recorded discharge amounts not reaching permitted amounts, in 1997 the Danish Ministry of the Environment and Energy enforced a provisional stop on any new permits and the extension of existing permits
.

In Finland discharge permits are set on a site-specific basis so can take into account several activities in one area.  A practical standard used is 8g P and 70g N per Kg of fish produced, but overall there is poor compliance with companies under-reporting the amount of feed used and fish produced.

With the large number of small operators, variety of feeds, lack of capital and weak institutional capacity for monitoring and enforcement, regulatory policies such as those in Europe are not feasible for developing countries in most instances. A major issue in pond based systems is when and how water is exchanged.  Some level of treatment prior to discharge may be agreed (such as settlement ponds) or indeed communal waste management may be developed (such as sludge disposal). Improved co-ordination of water exchange in pond systems should improve the quality of receiving waters and reduce the risk of disease transmission – but the value of this to individual farmers must be demonstrated if voluntary approaches are to work..

Product characteristics

Regulatory management of aquaculture product may be undertaken through food safety standards.  The environmental quality of the culture environment is implicit in these food standards.  Regulators can and frequently do ban seafood products from being imported and governments may chose to punish the individual producers responsible for the certain seafood products being banned.  A suitably efficient traceability system is rarely in place for such action, although recent bans are leading to much greater pressure to introduce such systems.  The main incentive for producers to comply with food standards is therefore economic – their product will be either completely unmarketable or miss out on high-value markets.

Participatory management of outputs is very much linked to codes of practice and local agreements.  Greece for example has developed a Quality Assurance scheme for Greek farmed sea bass and sea bream through the adoption of a code of practice
.

Economic

Economic incentives in relation to aquaculture outputs often focus on the product itself as economic instruments in relation to other outputs such as waste pose monitoring and enforcement difficulties.  The quality requirements for the product dictate that certain chemicals and medicines are not used in the culture process or for a certain period prior to harvest to avoid the possibility of residue.  A number of South East Asian countries have recently experienced major economic losses that accompany European and US import bans due to the detection of chemicals or antibiotics in excessive quantities in seafood products.  

Beyond the minimum requirements associated with food safety is a quality spectrum that products are increasingly judged on.  Producers are hoping that a greater consumer focus on food safety and environmental issues will create a price premium for certified organic produce and produce from environmentally friendly practices.  Organic certification of Atlantic salmon (Salmo salar) has recently been developed by the Soil Association, an organic certification body in the UK, which include standards relating to animal welfare, including water quality, stocking density and use of chemicals and feed quality.

An interesting dichotomy may develop in the near future as environmental quality standards could potentially diverge from product quality standards. This is particularly true in relation to feed where seafood product quality standards in Norway and the EU currently require certain levels of marine-derived ingredients in the feed for a product to be classed as ‘seafood’.  Feed R&D is now focusing on replacement of marine-sourced ingredients with vegetable alternatives, which are less expensive and seen by many environmentalists to be preferable to meal and oil derived from reduction fisheries.

Demand-side interventions (eco-labelling) could give farmers a price premium for sustainable farming and increase the likelihood of voluntary adoption.  Consumers will have a hard time visually distinguishing which products are farmed with best management practices so certification is necessary. A sustainable product price premium — which may decrease the probability of purchase yet still increase total farmer revenues — is yet to be determined.  Clearly this is a long-term approach which will have to consider differences by species, geographical region and consumer group
.
Waste outputs

As aquaculture is so dependent upon a high quality environment, direct economic benefits are derived from good environmental practice.  Farmers using many Best Environmental Practice (BEP) measures should therefore gain direct economic benefit from their actions with lower costs or higher prices if premiums for BEP are available.

One farmer’s good practice may not, however, prevent damage caused by a neighbouring farm’s poor practice or the cumulative effects of surrounding farms.  Group initiatives therefore remain important to economic management tools even if it is only extending to group training on the benefits of BEP. 

In industrialised countries, economic incentives to reduce environmental impact are still not deemed to be sufficient to solve the problem.  In 1998 French regulators set charges per unit of nutrient added to the water, calculated based on amount of feed input and FCR.  The farmer can reduce fees by using more efficient feed or by installing microfilters.  French aquaculturists have, however, received subsides to encourage the installation of treatment systems
. 

In Colombia new legislation that levies a tax based on measured differences between intake and discharge water aims to pay for facilities, especially processing plants, with the incentive to further reduce costs by eliminating contaminants from effluent
.  It is, however, too early to determine how effective this legislation will be.
With incentives to reduce accumulative pollutants
 researchers found that incentive-based instruments may also be hard to implement due to:

· Monitoring and enforcement problems though it may be easier to regulate inputs instead

· Society lacks faith in the adequacy of incentive-based policy

· High set-up costs for cleaner technology could prevent a competitive economy achieving optimal pollution management.

Chemical use is also controlled by product standards where detection of certain residues results in import bans, which creates a strong incentive for developing countries to deal with the problem through stricter monitoring and control.  This message should eventually permeate down the supply chain until farmers realise that incorrect chemical use means that their harvest cannot be sold. 

As with other inputs (seed and feed) positive action on chemical use is too often remedial, with import bans from major customers triggering action.  An example of this is the 2002 ban by the European Union on Thai shrimp due to the presence of the antibacterial agent nitrofurazone.  One potential reason for this chemical residue being detected is thought to be farm water exchange practices.  One farmer who may be applying a chemical treatment and not harvesting may discharge water which enters a farm where harvesting is about to occur.

Potential of alternative approaches to keep aquaculture development within environmental capacity 

Environmental capacity has been more widely investigated in land-use planning than for aquaculture.  Researchers in this field have found that although the capacity concept may seem to lend itself to a regulatory approach, the regulatory policy tool itself is insufficient to deliver development which does not breach identified capacity constraints
.  It is therefore recommended that capacity should be determined in a participatory manner, preferably at the development planning stage.

Although determining environmental capacity has the potential to be used in a predictive context, it is likely to be applied to situations where aquaculture is already present or where development is suspected of exceeding EC.  Participatory management at the planning stage therefore deals with new developments, changes to existing operations or the influx of new operators.

A combination of approaches (a management system) is required to keep aquaculture within the bounds of environmental capacity. Such a system must incorporate at minimum:

· the definition of a management boundary or zone within which environmental capacity can be addressed;

· environmental objectives for the zone, and associated criteria and indicators;

· agreed limits or response levels for these indicators;

· mechanisms to limit or change aquaculture activities so as not to breach agreed limits

· monitoring to verify that limits are not breached and to guide the intensity of management intervention

Many existing approaches do not seek to meet or maintain any particular environmental target or reference point relating to the wider environment or “ecosystem integrity”. Rather they seek merely to reduce the environmental impact of individual developments, or the impact per tonne of product. Influence on the total level of activity (and overall impact on ecosystem integrity) is typically weak, and in developing countries a steady increase in activity rather than restraint is understandably favoured for economic development reasons. Most developing countries lack any kind of management system that would allow them to meet the requirements of Article 9.1.2. of the FAO code of conduct for responsible fisheries.)

Where has EC been applied so far in aquaculture? 

MOM and Lenka,  Norway

The MOM (Modelling On-growing fish farms Monitoring) management system has been developed in Norway in order to regulate Norway’s considerable industry involved in the intensive off-shore cage farming of salmon. The concept is based on integrating the elements of environmental impact assessment, monitoring of impact and environmental quality standards (EQS) into one system
.

MOM can be applied both to existing farms and planned farms to allocate an EQS for the farm based on an environmental quality objective (EQO).  As most environmental impacts are deemed to be benthic, this EQO is to ‘prevent an accumulation of organic matter that will lead to the extinction of the benthic infauna.  The carrying capacity has therefore been defined as the maximum fish production that will allow a viable macrofauna in the sediment under the farm.  When the sediment becomes azoic, the capacity is judged to have been exceeded.

In addition to setting EQS in relation to capacity, the system also sets the frequency and intensity of monitoring in relation to the sensitivity of a site.  The more sensitive the site to eutrophication, the great the level of monitoring

The MOM system is used primarily at site level, but may be linked to more comprehensive management systems at higher geographic levels and considering other activities.  LENKA, a system devised in 1991 to estimate the potential for aquaculture in Norway, has been incorporated into the MOM model so that cumulative effects of various aquaculture sites in a region are considered.  The main cumulative consideration has been found to be competition for space rather than environmental impact. 
Decision Support Tool for Aquaculture (DESTA), Australia

DESTA was a software tool developed in Australia for rating soil and water information for aquaculture. The tool facilitates aquaculture management decisions regarding site selection and design for new aquaculture facilities. The information required to make an assessment is entered into the computer program through a series of interactive dialogue screens. The computer program then processes the information and produces limitation ratings for each environmental parameter supplied by the user. The output from the software is a tabular summary of user responses classed into slight, moderate and severe limitation ratings. If sufficient information has been supplied by the user, then the software program provides an assessment of the potential of the new site for aquaculture.

DESTA has an environmental capacity dimension as the existing impacts of surrounding users are considered in evaluation as well as the contribution of future impacts by the operation in question.

Total Maximum Daily Limit (TMDL), United States

The Total Maximum Daily Loads (TMDL) system applied by the US environment Protection Agency (EPA)
 is an example where the capacity of the receiving environment to process aquaculture outputs has been considered. A TMDL specifies the maximum amount of a pollutant that a waterbody can receive and still meet water quality standards, and allocates pollutant loadings among point and nonpoint pollutant sources. A TMDL must contain a margin of safety and a consideration of seasonal variations.  

The Environmental Quality Standards associated with TMDLs directly relate to the environmental capacity of the waterbody as the trophic state of the waterbody is determined and quantified reductions to nutrient inputs set where necessary.  Reduction levels are set that fully support the designated uses of that waterbody. 

The process of implementing the TMDL system throughout the US has been very slow and onerous.  After the system was first established from the Clean Water Act in 1972 it was not until the latter part of the 90’s that community pressure resulted in the EPA implementing the scheme through demanding states list waters and set TMDLs. 

Appropriate scale for use of environmental capacity

Figure 1 illustrates the environmental impacts of aquaculture in relation to spatial scale.  Most of the potential impacts of aquaculture can be considered local and would be expected to decrease with distance away from the source and with time. Other impacts such as interactions between escapees and wild stock leading to genetic alterations and possible reduction or extinction of indigenous species may be more widespread and permanent.  These possible impacts are not a result of aquaculture exceeding environmental capacity, but a direct consequence of the presence of a certain type of aquaculture, with limited relationship with the scale or total level of production.

Regulation and management relating to these irreversible impacts, including escapees, introduced species and genetically modified organisms is essential, but in practical terms are beyond the scope of the environmental capacity concept.  They should therefore be considered as part of aquaculture planning and management alongside environmental capacity.

Fig. 1 Interactions between aquaculture and the environment at the local, regional and global spatial scales*.

* adapted from Kautsky, N. et al (2000)

As environmental impacts of aquaculture can be global in scale (feed), it follows that environmental capacity can be considered on a global scale.  The capacity of the global environment to sustain harvesting of trashfish species or reduction fisheries for conversion to fishmeal and fish oil can be seen to dictate the global capacity for aquaculture.  

Aquaculture is one of many feed markets for fishmeal and fish oil and is not currently leading demand for fishmeal and oil or being limited by supply. However, this is likely to change. According to several researchers (see Tacon, 1998
, Naylor, 1999
, Barlow, 2000
), the global limitations of fishmeal and particularly fish oil in aquaculture feed could become a factor within the next few decades.  Assuming that supplies continue to be steady, aquaculture has the theoretical potential to utilise the total annual fish meal supply by 2020 and all of the annual fish oil supply within about five years from now.  Chinese aquaculture alone has potential requirements for nearly half the global supply of fish oil by 2015
.  With current research efforts to develop reduced dependencies on fishmeal and oil, however, the expansion of aquaculture is likely to continue beyond the existing capacity determined by available feed
. 

Although assessment of some dimensions  of environmental capacity at global level can therefore be undertaken, the exercise is highly theoretical, and opportunities for associated management measures limited. In practice the most appropriate focus for action in relation to environmental capacity  is likely to be  at the level of a specific aquatic system (such as a bay, loch or lagoon) or a specific organisational structure (such as a producer group) associated with the sector.

4. The application of environmental capacity in developing countries

5.1
Constraints

The constraints on implementing environmental management in developing countries are considered here to determine what is possible under existing conditions and what changes may be necessary for future implementation.  Four key constraints to successful implementation of environmental regulation in developing countries have been identified
:

· public sentiment favours economic development over environmental protection

· environmental regulatory institutions are weaker

· fiscal and technical resources for environmental protection are in short supply

· production is often dominated by hard-to-monitor small-scale farms.

The first of these is related partly to different priorities in developing countries, and partly to limited understanding of environmental issues and their links with long term economic success.

Most environmental regulations require a public-sector institution capable of establishing rules of conduct for polluters, monitoring performance with respect to these rules and enforcing compliance.  Many developing countries lack the capacity to undertake these responsibilities due to financial and institutional constraints.

There are less formal regulatory instruments that shift some of the burden for monitoring and enforcement onto the private sector.  Again developing countries may be poorly placed to introduce greater self-governance as private-sector environmental advocacy is generally less prevalent and less well-organised than in industrialised countries. 

The aquaculture sector in developing countries is characterised by large numbers of small operators, which makes self-governance financially attractive to management authorities.  This characteristic also makes a reliance on private-sector control extremely risky – large numbers of operators are difficult to monitor.  Smaller numbers of large operators simplifies governance, but these operators are often likely to enjoy political influence due to their socio-economic importance to the region. 

Codes of conduct have been developed and are in place throughout temperate and tropical aquaculture systems.  Local management agreements often form part of such codes or are already in place through the necessities of co-ordinating water exchange, inputs or harvesting in specific culture areas.  

5.2
Research

A large EU project to assess the carrying capacity and impact of aquaculture on Chinese bays has recently been completed with the primary output being the development of a GIS package to model and manage aquaculture development in the bays
.  The three-year project was resource intensive and highly complex, being dependent upon large data sets and extensive modelling conducted by several overseas research institutes.  Outputs are intended to both inform further development of the methodologies and technology used as well as informing planning and management of aquaculture in the bays. It is still to be seen whether the stakeholders will use the information as a basis for aquaculture development.

On a smaller scale is an on-going study to estimate the carrying capacity in Kandleru creek in Andhra Pradesh, India
.  The intention here is to use limited water quality surveys of key parameters (TN, TP, DO, total solids, volatile solids, secchi disc) and link these to land and water use around the creek.  The research will attempt to identify factors affecting water quality and set EQOs that can be revised by on-going monitoring.  This research links in with development of practical farm-level management measures to reduce effluent load to within the carrying capacity of the creek and combine these into an integrated management of the creek.  The research therefore takes the additional step of linking capacity with management measures.  

Both studies focus on carrying capacity rather than environmental capacity. This simplifies things as the impacts and needs of other users are not tackled directly.  The difficult final steps of agreeing levels of acceptable environmental change between stakeholders and the allocation of capacity amongst the different uses and users are beyond the scope of the research, but these decisions must be made if environmental capacity is to be fully incorporated into aquaculture development.

5.3
Determining Environmental Capacity

It is unclear whether either the large scale, high-tech research of the Chinese Bays project or the smaller scale, low-tech project in Kandleru Creek will result in environmental management being guided by the environmental capacity of the ecosystems involved.  For such a situation to occur requires either regulatory or stakeholder confidence in the determination of environmental capacity.  Without acceptance of the results of capacity research or of the iterative process to establish environmental capacity, the subsequent setting of more objective EQS is unlikely.

The determination of environmental capacity can lend itself to the particular issues of environmental monitoring in developing countries – a lack of scientific information and a lack of resources to record and collect that information.  

5.4
Setting standards

Environmental capacity requires consideration of the cumulative effects of operations on the environment, which is increasingly a feature of standard EIA procedure as well as being inherent to codes of practice and in local management agreements.  Ultimately some quantification of impact should be made to define environmental quality standards for either the pond/cage environment or the ambient environment.  An EQS, although relating to a measurable parameter, need not be based on an indicator requiring scientific monitoring.  

Acceptable changes to the environment partly or wholly as a result of aquaculture can vary enormously depending on the assessors perspective.  A fish farmer is likely to set EQS based on effects to his operation and local communities that are highly dependent on aquaculture would be more supportive of the aquaculturalists perspective than less dependent communities.  As aquaculturalists are highly dependent upon a healthy environment, stakeholder discussions may well show that EQOs of various parties are similar.

5.5
Monitoring 

Monitoring systems are more effective and more cost-effective when government monitoring activities are supplemented by well-designed self-monitoring and information from the local community. Whereas large facilities might be monitored continuously and for a wide range of pollutants, this is unlikely to be feasible (or cost-effective) for many small emission sources. For smaller sources, the standard-setting and the monitoring program perhaps should be based on process or equipment requirements rather than point-of-discharge measurements.

It is recognised that the non-point source nature of the effluent problem associated with aquaculture development suggests direct effluent regulation is unfeasible and voluntary adoption of best management practices is the current approach favoured by industry and international organisations
.  This approach also lends itself to the situation often found in developing countries where regulatory processes are often ineffective.

5.6
Opportunities

The direct application of environmental capacity in the management of aquaculture is thus far associated with intensive, temperate systems in industrialised nations.  Tropical aquaculture systems have only recently become the focus of capacity research and this is yet to translate into capacity-based management measures.

The Environmental Quality Standards or Objectives set are generally determined through large-scale, long-term scientific sampling regimes, which are then supported by active and well-resourced monitoring programmes.  These descriptive terms are rarely applied to situations in developing countries, but a highly technical (and high cost) approach is not the only way to introduce environmental capacity into the environmental planning and management of aquaculture. 

local agreements and community-based resource management – eg. Thai farmers and experience of community management in Sumatra (see Tobey, J. ref.34)

Stakeholder monitoring programmes – being tried out by Utteran in Bangladesh

Improving linkages between various institutions (as we are doing in Tropeca), 

(set up of producer/trade organisations, training initiatives, suitable economic and market incentives – see Van Houtte 96 and Bailly & Willmann 2001)

5. Conclusions 

1. There are significant environmental and resource use problems associated with the rapid development of aquaculture in developing countries, and these are associated with substantial social and economic costs, especially to poor producers
2. Existing reactive and regulatory approaches to environmental management are largely unworkable, and inadequate to address cumulative and wider aquatic system issues in tropical aquaculture
3. The concept of environmental capacity offers a possible framework for raising awareness amongst producers of the need to cooperate and work together to address wider environmental issues
4. A range of models and adaptive management approaches have been developed by scientists and policy makers which seek to manage aquaculture within environmental capacity. There is an opportunity to test  some of these out in practice in a rapidly changing developing country context

5. In order to stay within carrying capacity, there will be, in many cases the need to manage and possibly limit the scale, density and intensity of aquaculture and other uses of shared water resources. This has implications for the allocation of access and use rights, and cuts across the key issues of equity and poverty.
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