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1. Introduction 

Sustainability has become a key word in all aspects of development planning and natural resource management. Increasingly, the sustainability of aquaculture is questioned by environmental pressure groups. Given the increasing discrimination of consumers and the power of the media, fish farmers can no longer afford to ignore these challenges. In practice fish farming probably rates relatively well against a range of  sustainability criteria (although like all economic activities, it could probably do better) and it should not be afraid to meet the challenge and demonstrate, if not sell, its sustainability. This paper briefly considers:

· the meaning of sustainability in practice, including a brief review of progress in developing sustainability criteria; 

· the question of who should make assessments of sustainability;

· key issues for sustainable aquaculture;

· planning and management to promote sustainable development; and

· the need and opportunity for a pro-active response from the aquaculture industry

2. What does it mean?

There are literally hundreds of definitions; some simple, some complex. Most of them reflect particular interests or perspectives. Academics have engaged in a research frenzy, and done their best to make the whole idea so complex that only academics can deal with it. Many relevant papers are incomprehensible without an appropriate level of jargon. But at their heart all definitions have a very simple idea:

don’t muck it up for the future (any-ones future)

Is this not just common sense and basic human decency and responsibility? Not quite: we all muck it up for the future to a greater or lesser extent; we all concentrate nutrients; we drive cars; we fly planes (including green peace activists); we buy organic vegetables from Africa. These can all be viewed as unsustainable in one way or another. Sustainability is riddled with double-think and hypocrisy.

Why the scope for so much double-think and inconsistency? Because the physical future is uncertain; and the needs, capacity, and adaptability of future generations are uncertain. So we interpret sustainability largely as it suits us - except for the widely agreed extremes. Most sustainability assessment is highly subjective - its is not generally a scientific-technical matter.

3. Does it matter?

So should we ignore it? At our peril! It has political and moral weight. “Unsustainable” is far more damming than “polluting” or “environmentally damaging”. It implies:

· irreversibility;

· irresponsibility;

· a lack of care; 

· short term greed.

4. The sustainability spectrum

Figure 1 attempts to illustrate some of these issues. At the extreme most people can agree that some activities are sustainable (e.g. subsistence agriculture in fertile countries with low population) or unsustainable (e.g. nuclear energy), and science can inform these judgements to a very large degree. Most activities however fall in the middle: they are more or less sustainable according to different sustainability criteria, and any overall assessment of sustainability depends on the relative weighting we give them – which in turn depend on our personal needs and values. So while some of the sustainability criteria may be objective and measurable, any overall assessment will be to a large degree subjective.

Figure 1:  The sustainability spectrum and the contribution of science

Note that the relative positioning of economic activities is illustrative only
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5. Sustainability indicators

There are substantial current initiatives to establish and agree broad sets of sustainability criteria and overall frameworks for the assessment of sustainability. These seek to minimise the subjectivity - and succeed to a limited degree. OECD, the European Commission, the European Environment Agency, the World Bank, FAO, the stock markets, and various academics and research centres are all working on criteria and sets of criteria. The problem is that to be comprehensive and cover all the various aspects of sustainability, as understood and considered important by different interest groups, they become extremely complex and unwieldy – and effectively very expensive to implement. Many initiatives also seek to develop an aggregate index so that an overall assessment can be made. But while this may make them more effective and simple as decision making tools, it also implies arbitrary (undemocratic?) weightings, and massive loss of the very information which should serve as the basis for more informed and strategic decision making.

In any case, it is increasingly recognised that we cannot agree specific standard sustainability criteria which apply to all types of economic activity. Meaningful sustainability assessment usually needs to be context and technology specific to some degree. This has led to the notion that rather than trying to develop specific universal sustainability indicators, we need broad frameworks for assessment, and these should help guide the selection of sustainability criteria and indicators for specific technologies and situations. These frameworks vary, but most include the elements or criteria listed in Box 1.
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In order to illustrate the difficulties of generating simple agreed indicators even within such a framework I will take the last of these criteria (the efficiency of conversion of resources into useful product) as an example, since in many ways this appears to be the most objective and “scientific” of the criteria. Indicators that have been suggested for this include, for example:

1. efficiency of conversion of nutrients and raw materials into usable product 

2. rate of use of raw materials or nutrients per unit product or per unit land 

Food conversion ratio (efficiency) and ecological footprint are both examples of such indicators. In practice a planner might object to the use of these as priority indicators because they take no account of the absolute scale of resource use or conversion. In other words he may not object to relatively inefficient conversion so long as it does not take place on a large scale; whereas he may have significant reservations about an activity which uses most of a global resource, even if it does so very efficiently. Equally an economist may object that physical conversion efficiency is simply irrelevant, and what matters is economic conversion efficiency. These two might agree that the following indicator is much more important:

· minimum resource use, or waste production, per unit economic benefit (income, employment)

which could be measured using a wide range of ratios, the relative importance of which would depend on the relative scarcity/importance of different resources (land, nutrients, capital, raw materials) and benefits (income, profit, employment etc). They might include, for example: land/unit income; land/unit profit; employment/ha; employment/investment; nutrient/unit income; nutrient use per job; nutrient waste/job; employment/annual cost of raw materials; etc.

It is arguable that both types of indicator are equally valid. But should they be given equal weight? Should we ration or standardise the number of indicators relating to each dimension of the issue? Should we use different weighting according to local development priorities? Who should decide the weightings?

These questions are in my view not easily answered, and any overall assessment of sustainability which seeks to rank or rate different activities according to a broad set of criteria and weighted or un-weighted indicators will be highly vulnerable to criticism. In the mean time, the research and the workshops will continue, because the politicians and regulators want easy and consistent answers to very complex questions. 

In practice it is the politicians and regulators who should assess the values, understand the trade-offs, and assign the weights (implicitly or explicitly). It is their job indeed to balance the interests of different groups, (and generations) and be held accountable. We must not ask too much of scientists and too little of politicians. Rather we should ask the scientists to inform the public and the politicians as far as possible, so that appropriate decisions can be made by them.

6. Strategic planning and management frameworks – and the limitations of EIA

Sustainability, far from being some absolute property, is very slippery and elusive. Scientists can inform the process of sustainability assessment, but civil servants and politicians must weigh up the costs and benefits and the trade-offs between different development and natural resource management options. But this requires something which we currently lack – an effective strategic development and natural resource planning framework. The main tool for this at present appears to be Environmental Impact Assessment.  

Farm level EIA is fundamentally flawed as the main tool for the environmental management of an industry whose most important social and environmental impacts are cumulative and uncertain. While EIA may be effective in rooting out poorly prepared and inadequately thought out proposals, it provides very limited insight and guidance with respect to the most significant environmental sustainability issues associated with aquaculture development. It offers no mechanism for dealing with the wider cumulative environmental impacts of the sector as a whole on water quality, biodiversity and wild populations, nor does it adequately address issues of risk, uncertainty and value. The assessment of impact significance is typically undertaken by consultants and reviewed by the environmental protection agencies. There is no formal framework or procedure for clearly identifying the potential costs and benefits, the risks and uncertainties, and making the necessarily subjective judgement about the desirability or otherwise of the trade-offs involved. Environmental quality standards, essential for minimising the subjective components and for rational and consistent assessment of impact significance, are limited to national and EU standards relating to water quality and nature conservation. The interests of other local resource users are not generally reflected in these standards – or if they are, then these same interests are often not aware that this is the case. 

Despite these reservations about conventional EIA, there remains an important role for sector environmental assessment: an occasional sector wide, geographically bounded review of impacts, leading to proposals for a sector wide management plan. The boundaries could relate to defined coastal aquatic systems, or river basin systems. 

New initiatives – and in particular the Water Framework Directive and the Scottish Aquaculture Strategy – may be the first stages in the development of more effective adaptive and strategic planning and management systems into which sector EA could feed, and which could deliver the ideals of sustainable development. Ideally, these systems should include the elements sketched out in Figure 2.
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Figure 2: An idealised adaptive planning and management system to promote sustainable development

7. Reality – and practical initiatives on the part of the industry

In practice we are some way away from effective adaptive natural resource planning and management; and we may never reach it. In the mean time there are a range of things that fish farmers themselves can do to promote more sustainable aquaculture, to protect themselves from simplistic and biased NGO reporting or media coverage, and to exploit new marketing opportunities.

· Increase participation in and improvements to environmental and product quality certification and labelling schemes;

· Promote more widely understood, more broadly agreed, more equitable and far better monitored environmental quality standards – at national and local level;

· Demonstrate awareness and responsibility:

With regard to the latter it may be worth exploring the publication of an annual sustainability profile and performance report for the (trout) industry. Using a broad sustainability framework (such as that outlined in Box 1) a set of indicators would be selected for reporting against on an annual basis. These would include socio-economic as well as environmental indicators.  Selection would of course be a compromise between ideal indicators and cheap-n-easy indicators – i.e. feasible and cost effective

A second way to demonstrate awareness and responsibility would be to undertake or support objective studies on key issues.

Publication of a sustainability profile and analysis of key issues would show that you are concerned and have analysed the key issues thoroughly; and (hopefully) demonstrate that you are improving. A summary of the national social and economic benefits has already been undertaken by BTA (Nautilus 2001report). Additional issues such as value for money for the consumer etc might also be addressed. This would need to be supplemented with objective sector environment report. Independent audit of the report and profile would enhance its credibility.

8. Key issues and corresponding management tools

It is worth considering some of the key environmental sustainability issues facing aquaculture at the present time, since these illustrate many of the issues discussed above, and also highlight opportunities for action and/or research by the industry itself. Of particular importance are the substantial differences between them – in terms of the importance of possible impacts, the degree of understanding of the issues, and the nature of an appropriate management response.

Unsustainable inputs

Given the pressure on wild capture fisheries, the sustainability of using fishmeal in farmed fish diets has been questioned repeatedly, and most famously and controversially in a paper in Nature
. A recent European Funded workshop
 concluded that, so long as source fisheries were managed sustainably, there was nothing fundamentally unsustainable about using fishmeal in aquaculture feeds, and it had major value as a source of omega 3 oils in human diets. In practice, many (but not all) industrial fisheries are healthy and well managed by conventional standards and the industry can therefore claim to be meeting minimal sustainability standards if it restricts its sourcing of feed ingredients to such fisheries. In the longer term it should seek higher standards from source fisheries by requesting that fish meal producers and/or government document wider ecosystem effects.

Local accumulation of organic matter

Local accumulation of organic matter, under cages or near farm discharges, is regulated by environmental protection agencies based on EIAs and consents.  Impacts are clear restrictions (e.g. on production) can be placed; standards can be implemented. Whether farmers should seek to perform better than required by these standards to demonstrate sustainability is open to question. If there was a clear local rationale for higher levels of performance (e.g. by settling, recycling, better feeds, capture of wastes etc) this obviously should be considered. 
Chemical use 

Chemical use is similarly regulated, although policing is more difficult. But the impacts of chemicals can be thoroughly tested and assessed, dispersion modelled, and again standards and restrictions set. Again, whether farmers should seek to operate at higher (lower chemical use standards) to demonstrate sustainability is a matter of opinion, but for example organic standards would require this.

Wider water column/river basin/ecosystem impacts

Impacts on the wider environment are different in two important ways: they are far less predictable (more uncertain) and potentially more serious, longer lasting and far reaching. Slight shift in nutrient concentrations or ratios may result in shifts in phytoplankton with possible knock-on effects on other elements in the freshwater or marine ecosystem. Some possible effects (toxic algae?) can be immediate and affect other interests or the farmers themselves. Others may be more subtle and long term but nonetheless serious. 

These impacts are not only more uncertain, and potentially more serious, but are also cumulative – ie cannot be tackled through regulation at the level of the individual farm. All sources, from fish farms and other activities within an aquatic system must be assessed, and where appropriate managed or controlled. 

At present there is no strategic approach to the regulation and management of such impacts. Higher level water quality monitoring could result in some form of crisis response if things went badly wrong. Existing monitoring, at least in the marine environment, is however very limited, and precautionary action would be almost impossible. 

The sustainability of aquaculture and all other activities which deliver nutrients and chemicals to the wider environment, is therefore questionable in the absence of a more effective monitoring and response regime. Higher level modelling can be undertaken, but it is widely acknowledged that the data requirements relating to hydrology and ecosystem nutrient cycling are huge and the uncertainties would remain extremely high.  It is arguable that if sustainability requires precaution, then nutrient discharges should be minimised. Land based farmers can respond through recycling and sludge disposal or the development of natural wetlands (although this may ultimately simply be a form of moving around the furniture), and open water farmers can respond through higher quality feeds etc, but these gestures will remain relatively meaningless in the absence of a sector or higher level strategy relating to the whole aquatic system. Hopefully the water framework directive will provide such a framework.

Impacts on other species

Impacts on other species as a result of introductions, exchange of pathogens, or genetic contamination are even more difficult to address. They are highly uncertain (especially genetic effects) but potentially very serious. Effects for example on wild salmon as a result of any of these pressures could be negligible, or could be the final pressure which tip wild salmon, or at least some populations, to extinction. No one really knows, and the research required to reduce uncertainty to reasonable levels may not be possible, and in any case is likely to be unacceptably costly. How then should we proceed, in particular if we are to abide by the “precautionary principle”?

We should examine and describe the overall costs and benefits associated with fish farming, the costs and benefits associated with wild salmon, and decide whether the (unknown) risk is acceptable or not. This is not a matter for scientists or economists to decide (although they should inform the process); rather it is up to politicians and civil servants, or some new, more participatory form of decision making. Assuming that the risk is acceptable, on the basis of existing knowledge, we should then also ensure that we have a much better higher level monitoring system in place. 

Again, while individual farms can act to demonstrate sustainability, only a sector or higher level response can ultimately address these issues. At present, it is arguable that the (government) response is inadequate to assure sustainability. 

9. The need to act

Consumers are worried about food. Recent market research has changed the categories of consumer. These used to be the poorer consumers who would typically buy the cheapest; the middle classes who would go for value for money, and the wealthy who would go for quality or fashion at whatever price. A large part of the middle classes are now classified as the “food worriers” – concerned about quality, source, sustainability, additives etc. This group is growing and is probably an important group for sales of trout. Fortunately, to date, trout has not been targeted in the same way as salmon, but there are close links between the products and farmed trout is likely to suffer from negative publicity associated with salmon.

Environmental groups are influential – although not perhaps as influential as people think. The negative publicity following a critical BBC costing the earth programme on salmon had relatively little impact on salmon sales. Nonetheless repeated negative messages will have a negative impact, and the industry needs to respond. It is much better  to respond strategically than engage in constant fire-fighting. 

Existing planning and management for the industry is inadequate: EIA is flawed and limited; wider impacts are not effectively addressed. The industry is therefore vulnerable unless it can demonstrate its own awareness of wider problems and develop its own response, or promote improved government strategy. And while the  aquaculture industry is far from perfect, it is not bad compared with many other activities. It therefore has the opportunity to turn a weakness into a strenth and actively sell its sustainability.

10. Summary and Conclusions

Sustainability is complex, and existing regulatory and management tools are inadequate to address its scope. Concerns about sustainability require the industry to demonstrate minimal long term environmental and social impact.  There will be no absolute sustainability criteria. Rather the industry needs to demonstrate relatively good performance according to a reasonable range of social and environmental criteria. Given the confusion over what these criteria should be, and the lack of any signs of this confusion being resolved in the medium term, there is an opportunity for the industry itself to select a reasonable set of sustainability indicators (while the academics research and the politicians dither), and publish them in the form of an industry sustainability profile, issues analysis and performance report – underpinned by some form of independent audit. If the industry does not take the initiative it may end up saddled with something unpleasant, or worse, unfair.

The BTA itself could take the lead in this, or smaller marketing groupings. Individual farms can do something – but their response to wider environmental issues is obviously limited.


































Box 1: Key elements in a framework for the assessment of sustainability





the sustainability (or continuity) of supply, and quality of inputs;


the social, environmental  and economic costs of  providing the inputs (e.g. depletion of resources elsewhere);


the long term continuity and stability of production;


short and long-term financial viability;


direct and indirect social impact and equity;


direct environmental impacts;


indirect and wider ecosystem impacts;


the efficiency of conversion of resources into useful product.
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