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Summary

Background and rationale

Aquaculture is developing very rapidly in Asia, and has already been associated with environmental degradation. The concept of environmental capacity, and the suggestion that it might be used as a strategic tool or framework for environmental management of aquaculture, has been aired widely at aquaculture meetings at global and Asia regional level. The need to engage farmers themselves more directly in taking collective responsibility for environmental management has also been identified repeatedly, given the substantial cumulative impacts that can arise from large numbers of small farms.

Aims and outputs

This collaborative research project was designed to explore the possible value and application of the concept of environmental capacity at grass roots level in tropical developing countries, both in relation to aquaculture where there are already signs of environmental degradation, and as a preventive tool in less developed areas where significant future development and/or intensification is possible or likely. It was designed to compare this strategic and predictive approach with frameworks based on more traditional monitoring and adaptive management techniques.

The project was also designed to explore more generally mechanisms for engaging groups of farmers in co-operative environmental management – in other words raising awareness of both their responsibility for the wider environment, and the benefits that might arise from improved management, and facilitating the development of farmer based institutions and mechanisms to address these and related issues.

While the project necessarily addressed soil and water quality within individual farms (ponds or cages), the main focus was on the quality of the wider environment, and the relations between a group of farmers and this wider environment – for example a large pond, a canal and pond complex, or a coastal bay or lagoon.

More specifically, the project sought to deliver the following outputs (see Logical framework, annex 1 for the full text):

1. Enhanced understanding amongst collaborators, other scientists, and regional professionals of the applicability of simple environmental capacity models and/or adaptive management approaches in providing effective environmental management of key tropical aquaculture systems.

2. Identification and review of strengths and weaknesses of alternative biological and physical environmental indicators and their potential role in the development of practical environmental quality standards for a range of tropical habitat types associated with aquaculture. 

3. Enhanced understanding amongst collaborators, other scientists and regional professionals of the applicability of alternate planning instruments to allocate environmental capacity and control development for aquaculture in tropical developing countries. 

4. Practical strategies and management plans for promoting aquaculture equitably within environmental capacity for two or more case studies. 

5. Enhanced capacity to plan and manage tropical aquaculture equitably within environmental capacity on the part of key government departments and agencies regionally, nationally and internationally.

Approach and methodology

Five case studies were selected representative of a range of agro-ecosystems, aquaculture systems, and social conditions:

· Cage aquaculture of spiny lobster (Panulirus) in marine cages in Khanh Hoa, South Central Vietnam

· Semi intensive shrimp culture (P. monodon)  in brackishwater ponds in Dosun, Haiphong, northern Vietnam;

· Improved extensive shrimp culture within a wider rice cultivation zone in Can Gio, southern Vietnam;

· Improved extensive shrimp farming (in alternation with rice) near Khulna, Bangladesh

· Multiple use ponds, Rajshahi, Bangladesh

In all cases we used a standard approach or research framework, while still allowing substantial flexibility to allow local research managers to tune and adapt their research to the particular needs and opportunities which arose. We were concerned to engage farmers themselves from the outset, and to allow them to take some part in guiding the broad direction of the research.

The common framework or “tropeca approach” was as follows:

1. Analyse local issues and institutions relating to management of individual farms and the wider environment, and engage with farmers in developing a research program to address these.

2. Identify existing and potential farmer level indicators of performance and environmental quality – at farm level and in the wider environment.

3. Develop an understanding of the hydrodynamics of the wider aquatic system – flows, currents, tides, volumes and depths.

4. Assess water and soil quality and their variation over the cropping cycle, and highlight any issues or problems.

5. Develop environmental capacity models. There are four basic elements or levels of analysis which may be appropriate according to circumstance:

Nutrient budget/mass balance estimates (inputs, outputs, residual) for the whole aquatic system, and where appropriate sub-components, for the pond/cage and for the wider aquatic system

Flushing rate of ponds, and wider aquatic system

Nutrient dispersion/mixing/accumulation within the wider aquatic system

Nutrient assimilation

6. Facilitate the development of a farmer group management agreement, drawing, where relevant and feasible, on the indicator and environmental capacity analysis.

This approach was, by necessity, poorly defined at the start of the project, and evolved steadily through exchange between case research managers over the course of the project. In this sense the approach was an evolving guidance framework, and also an output of the project. The relative emphasis afforded these 6 components varied significantly from case to case, reflecting variations in conditions, capacity, and perceptions of value.

Project management

This research is the result of collaboration between 8 organisations, around 15 researchers and several research assistants. Primary responsibility for case research lay with national case research managers, while Nautilus Consultants played a co-ordinating and background research role. There are undoubtedly significant difficulties in conducting this type of research, but the breadth of perspective gained is invaluable, and there was substantial mutual learning and capacity building. Specific problems encountered included:

· Two of the cases suffered significant setbacks in terms of staff turnover (Dosun, Can Gio). 

· The “wider aquatic system” at Dosun was radically changed during the project through the commissioning of new water supply and effluent canals; 

· One of the collaborators from University of Fisheries (Dr Thuong) sadly died; 

· One case had to be changed mid-way through the research for local political reasons. 

Main findings

The “Tropeca approach” has been successful in terms of gaining the trust and involvement of fish farmers, raising awareness of environmental issues, and facilitating the development of local environmental management initiatives. 

Farmer engagement

All projects experienced high levels of interest and co-operation from farmers. The initial issues identification and discussion workshops were all very successful, with farmers delighted to have researchers ask them what they thought were the issues, and what ought to be done – within the overall scope of environmental and water resource management. 

This necessarily created a dilemma in some cases, since that which the farmers wished to see undertaken did not always fit with the project logical framework. We compromised in several cases, tracing a difficult path between required project outcomes and local relevance. In practice we would have preferred to have had the freedom to respond more directly to farmers’ needs and concerns. Clearly there is a dilemma here, and good research needs to be well planned. However, we feel that if research is to be truly supportive of development the balance should shift to more needs orientated, adaptive and flexible research.

The approach we used is notably different from “the livelihoods approach” where researchers attempt a comprehensive analysis of livelihood systems which is then used to improve understanding and guide research. Our experience was that farmers are very well placed to identify problems and opportunities much more directly and simply through discussion with researchers. 

Indicators

Farmers are familiar with, and use in day to day management, a wide range of indicators of environmental quality and performance, demonstrating their understanding of the importance of soil and water quality for successful production. This applies to both pond water and water in the wider environment. Some indicators are common to all cases; others are unique to a particular situation. From the perspective of management many of the indicators are weak in so far as they are indicators of poor conditions, rather than indicators of problems to come. They serve to inform crisis management rather than prevent future problems. Nonetheless they have significant value in management terms and we have brought these together as a comprehensive set. Some deserve further research in terms of their utility and application. 

Water and soil quality

Water quality was far from optimal in most cases, despite the relatively extensive systems (other than lobster cage culture) being studied. Very high phosphorus levels (around 8 times recommended) were found in one of the multiple use freshwater ponds. Ammonia levels were very high – exceeding recommended levels - in both supply and pond water of shrimp ponds near Khulna. Water quality in and around the lobster cages at Xuan Tu bay declined significantly over the project life. Water quality at Dosun on the other hand improved over the project life, probably related to improvements in the canal system. Nutrient levels were also high in sediments, although less than expected from the nutrient budgets (see below).

Nutrient budgets

Nutrient budgets were developed for all cases and served as simple and interesting starting points for exploring water quality and nutrient use within the system. Nutrient budgets can also be discussed simply with farmers - in terms of inputs, outputs, and residuals - and have immediate resonance in terms of farm management and economics. 

The major finding here was that a very large proportion of input phosphorus appears to be retained within the pond systems, although it does not seem to be accumulating significantly in the sediment. Further work is underway to examine the degree to which this loss can be explained in terms of bound phosphorus. However, it is notable that many other studies of nutrient budgets in ponds also appear to “lose” phosphorus. It is clear that these processes are not fully understood, and/or the water and sediment sampling methods are inadequate to identify all forms of phosphorus. Given the apparently very large accumulations, and the possibility that some of this may be regenerated at some point in the future, further technical research is required.

Dispersion models

Most case studies did not progress as far as the development of dispersion models and/or did not prioritise these. The pond and canal systems were analysed using a “Russian doll” approach: analysis at pond level; analysis at canal subsystem level; analysis at a higher level etc. At each scale, mixing within the system, and water/sediment conditions were assumed to be uniform. Of course this is far from reality, but dispersal modelling would have been extremely complex and arguably unnecessary. The mass balance analysis alerts to possible general problems; observation (including use of indicators) can be used to alert to local accumulations. In any case, water quality in some of the pond systems was strongly affected by inputs to the system from outside – in terms of both sediment and nutrient. Modelling the exchange, oscillation, deposition of sediment and associated nutrients within sub-systems was considered beyond the scope of the research, and inappropriate in terms of the project’s capacity building objectives.

The exception to this was Xuan Tu lobster village where dispersion of waste was an obvious issue of concern to farmers, and where the farms acted as a clear point source within an otherwise relatively pristine environment. In this case models developed by the Institute of Aquaculture could be applied relatively simply.

Environmental capacity

Environmental capacity can be estimated simply and roughly from mass balance and flushing models. If nutrients are accumulating at a significant rate within the wider system, then capacity is being exceeded and problems are likely sooner or later. 

Assimilation within the system should be taken into account in these estimates, and this is not easy. Assimilation rates for carbon may approximate to something between 3 and 5g/m2/day according to the limited literature available for tropical systems. Estimates are also available with respect to denitrification. Phosphorus stays in the system, but typically accumulates mainly in its unavailable form in sediments. 

However, while our nutrient budget estimates suggest a relatively rapid accumulation of phosphorus in the pond systems, this is not borne out in the field samples, suggesting either weakness in the estimates or in the sampling. . Work undertaken by CRSP has also often shown an apparent “loss” of phosphorus within pond systems, suggesting the analytical techniques may be inadequate.

Either way, the apparent accumulation of phosphorus in the pond systems, including relatively extensive systems is a cause for concern, although it might also be considered an opportunity in some cases. In the freshwater pond system for example, the accumulation of P suggests that sediment management to release nutrients might be a better way forward than continuing with standard fertilisation regimes. In the rice-shrimp systems release of P from sediments could enhance rice yields and allow for reduced inputs. 

In the case of lobster cages in Xuan Tu our model suggests that environmental capacity was probably exceeded at some point in the last three years, and this prediction is borne out by the water quality data which shows significant decline in recent years. This suggests that the simple mass balance/flushing model is a useful predictive tool and could probably be applied in other situations. The model is precautionary in so far as it does not take account of nitrogen assimilation in sediment beneath the cages. However – as noted above, phosphorus in the sediment is not assimilated, and there is always the danger of re-suspension and wider impacts on the bay if adequate nitrogen is already available.

In the case of Xuan Tu we were also requested by the provincial Peoples Committee to make some relatively simple estimates of sustainable cage density. This we have been able to do, based on the sediment dispersal model mentioned above. We anticipate guidelines and regulations based on these estimates within a broader set of guidance being developed by farmers and local government in Khan Hoa.

 Nutrient discharge to the wider environment

The highest nutrient levels in the water discharge from pond systems was for extensive systems in Bangladesh. Nutrient levels were actually lower in the more intensive (semi-intensive) systems studies in Vietnam. In other words, intensive fertilisation of paddy and paddy-shrimp systems generates a higher dissolved nutrient load on the wider environment than does moderate feeding of shrimp on pelleted feeds in semi-intensive systems.

Management implications

· The typical classification of shrimp farms as intensive, semi-intensive and extensive, and the assumption that more intensive means more polluting is misleading. Well fertilised extensive systems can be at least as polluting as more intensive systems. The degree to which a system is polluting depends entirely on nutrient management and utilisation efficiency.

· While these aquaculture systems typically extract less than 50% of input nutrients, this is mainly an internal problem: in our case studies rather little is flushed to the wider environment. 

· Farmers must take care of organic matter and nitrogen build up even in extensive systems. Low DO and nitrite spikes are potentially (and in the case of Khulna actually) serious.

· Although residual phosphorus may be difficult to re-use or assimilate in other crops such as seaweed or rice, there is significant potential for reducing nitrogen fertilisation.

General conclusions

The adaptive approach taken to this research (adaptation to local conditions; steady refinement of research focus through the project) has yielded useful and practical results in a relatively short time frame. While this adaptive approach has meant that some of the scientific data is less thorough and consistent than would have been the case if the project had been driven by mainly scientific objectives, we believe that this weakness is more than outweighed by the awareness and capacity building outputs of the project.

The estimates of environmental capacity are very rough, with substantial residuals and uncertainty, but their development with close farmer cooperation has improved understanding of the nature of nutrient dynamics in the wider environment, and  raised awareness amongst farmers of the possibility of forward thinking and precautionary management. 

Local environmental management initiatives are underway in three of the case study areas, building on this learning. Monitoring, using simple indicators at key locations within the systems should allow for some testing of the assessments and on-going engagement of farmers in environmental management.

The nutrient budgets for the wider environment have also raised important questions relating to the fate of phosphorus in tropical pond, paddy and canal systems.

A key output of this project is practical guidance. Our experience in undertaking the research suggests that detailed technical guidance on estimating environmental capacity through the use of empirically validated theoretical models is of limited value in many situations, and only useful for the most highly developed systems, the most impacted systems, and where significant resources are available. Applying the “Tropeca approach” as it has evolved over the course of the project (as described above) does appear to have significant merit and is much more widely applicable. The general guidance on applying the approach offered in Annex 2  is now being adapted at local level in both Vietnam and Bangladesh. The core of this approach is simple and can be widely disseminated: engage farmers in developing simple nutrient budgets as a framework for discussing possible environmental problems and appropriate management measures. In some cases farmers may then be able to develop their own management protocols and/or use nutrients more efficiently. In other situations, local government or government agency may need to facilitate this process and develop co-management frameworks. In the extreme…government may need to intervene to estimate and “allocate” capacity. In practice, environmental capacity was only clearly being exceeded in one case study (lobster cages) - and this has already become an issue for government intervention with guidance solicited from the project researchers. 

