DRAFT
Aquaculture development within the capacity of the environment
[image: image1.jpg]



[image: image4.jpg]



[image: image5.jpg]



a short guide 
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Preface
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 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.

This guide explains as simply as possible the way in which individual farmers, groups of farmers, or professional fishery managers can address some of the issues associated with environmental capacity through awareness raising, simple calculations and practical measures. It also shows how the development of a sense of shared responsibility and management action to maintain aquaculture activity within the capacity of the environment can strengthen farmer organisation, thus facilitating a range of other initiatives related to improved farm management, product quality and marketing. Where appropriate the guide points the reader to useful sources which may assist in more thorough and detailed assessments.

The guide is based primarily on experience gained on the TROPECA research project, funded under the UK Department for International Development Aquaculture and Fish Genetics Research Programme. Outputs from the project, including working papers and final research report, can be found at http://www.hambreyconsulting.co.uk/tropeca-research-outputs-g.asp . It also draws on other regional initiatives, such as the work of SUDA in Vietnam, and NACA 
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1 Introduction 

1.1 The idea and meaning of environmental capacity

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 (1986) 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. 

A recent GESAMP (2001) 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 of particular relevance to the situation in developing countries include for example:

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

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

The concept may however be applied to a much broader range of issues, such as:

· Effects on biodiversity;

· Effects of chemicals;

· Use of a limited resource (such as groundwater)
In Europe and the U.S. it has even been extended to landscape issues.

In all cases there are two basic requirements for the effective application of the concept of environmental capacity to the planning and management of aquaculture development:

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).
1.2 The human dimension

Although environmental capacity and carrying capacity are scientific ideas, they have a strongly subjective dimension.  For example, “acceptable change” to water quality (and corresponding environmental quality standards) will depend on what the water is used for and by whom. There may be different requirements for aquaculture, for drinking water, for biodiversity conservation or for leisure activities. And for any one of these, people may differ according to their experience and perspective.
While it is for scientists to inform on the rate and nature of change and the underlying processes, it is for the various interest groups or their representatives to agree on limits to change. 

The process of exploring environmental processes and defining standards in relation to local needs fits well with the widely held view – and international policy – which seeks to promote resource user responsibility for environmental management. The rationale for this is that:

1. the resource user is dependent on the quality of the environment and has a direct economic interest in maintaining its quality;

2. resource users are particularly well placed to monitor their own environment;

3. there is little alternative: government regulatory approaches are typically ineffective in  developing countries with large numbers of small scale producers

The main constraints to successful local user environmental management are:

· Lack of awareness and understanding of environmental processes;

· Lack of local institutions to agree on appropriate standards and mechanisms to uphold them for aquatic systems or farm groups; 

· The priority afforded to short term interests by most business enterprises, and by the very poor.

1.3 Pilot studies
A research project was recently sponsored by the UK Department for International Development to test the value and application of environmental capacity as a framework for the development of user led environmental management systems for aquaculture in tropical developing countries
. 

The basic approach, which brings together experience in community/user based management and conflict resolution with the analytical framework offered by environmental capacity, was developed and tested through a series of pilots or case studies in marine, brackish and freshwater in Bangladesh and Vietnam. It is described in the next section.
2 The TROPECA approach

The TROPECA approach comprises a series of simple steps or stages which can be engaged at different levels of detail according to local needs and capacity. 
The basic steps are as follows:

1. Discuss and analyse local issues and institutions relating to management of individual farms and the wider environment.

2. Engage with farmers and other resource users to develop and test improved institutions and/or protocols  to address outstanding management issues

3. Engage with farmers in developing a joint research or fact finding program to address those issues for which lack of knowledge is the critical constraint, and where modest research could yield useful answers within an acceptable time frame.
4. Identify existing and potential farmer level indicators of performance and environmental quality, and corresponding standards – for use within farms and in the wider environment.

5. Develop a joint understanding of the hydrography of the wider aquatic system – volumes, depths, flows, currents, tides.

6. Assess water and soil quality and their variation: between different parts of the aquatic system (ponds, canals, water source and downstream systems); through the seasons; and over the cropping cycle. Develop a joint understanding of causes of variation and highlight any issues or problems.

7. If water quality is deteriorating, or if development pressure is increasing or likely to increase, develop environmental capacity models. There are several basic elements or levels of analysis which may be appropriate according to circumstance:
Basic estimates of water requirements, water supply and potential for expansion based on current  practice
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

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

9. Build on strengthened farmer institutions to develop wider ranging initiatives related to issues such as disease prevention, product quality, marketing/branding, certification etc.

2.1 Who does it?

Ideally the process should be initiated by the leader of a local representative organization or local government, drawing on outside facilitation and scientific expertise as required. 
Where producers are less well organized, it can be initiated and facilitated by a local fishery officer and/or a local university or research institute in partnership with local fish farmers and other resource users. In this case the process itself should lead to a strengthening of user organization with potential benefits beyond environmental management (marketing, government liaison etc)
Either way, it requires partnership between fishery professionals/scientists and resource users to explore issues, exchange ideas and knowledge, and generate practical management measures. Whoever initiates must be able to stimulate and enthuse a range of people, put together teams as required, and facilitate workshops and meetings. 
2.2 At what scale?

Ideally, the approach would be started at a small scale, based on a small group of farmers and other users acquainted with each other, and “aggregated up” to encompass larger aquatic systems.

However, it can be done at any scale – from small scale as above, up to a major aquatic system used by a range of sectors and hundreds or thousands of enterprises. 
2.3 What type of aquatic system?
Although the detail of any calculations will vary, the basic process can be applied to cages and rafts in coastal lagoons, bays or estuaries; coastal brackishwater pond systems; and freshwater ponds and cages.
2.4 Conditions for success
· There must be a clearly identifiable group or community of aquatic resource users who have a joint interest in maintaining the quality of the wider environment.
· There must be support from local political leaders and central government, and ideally a favourable policy environment.
· Engagement will be much easier where there is already a water management issue – whether environment related or more practical and immediate, such as adequate and timely water supply, disease etc. This will serve as a starting point leading into more complex or longer term strategic issues. 

· As for any new initiative, there needs to be a driver – someone with the time, resources, enthusiasm and sensitivity – to facilitate what may be a long and difficult process. Interest in, and knowledge of, local issues and decision making processes is as important as scientific understanding of environmental quality issues

· The scope and ambition of the initiative must match the ability of resource users to participate (available time, effort, capacity), and to raise funds. However, much can be achieved with little or no funding, so long as farmers and other resource users are prepared to invest some of their own time and effort, and allocate responsibility clearly for taking forward particular activities or initiatives.
3 A step by step guide
The following is laid out as a series of stages or major steps. Clearly there will be overlap between stages, and the sequence may be varied to some degree depending on local circumstances and priorities. 

However it is important not to be tempted to put off stage 3. Inadequate information is a common excuse for lack of action. In most circumstances there are opportunities for immediate improvements to the management system – if provisional - and this should not be delayed.
3.1 Initiation: issues identification and institutional analysis
Rationale 

Gaining support and “buy-in” from farmers and other resource users is crucial for success in delivering improved environmental management with the minimum of regulation and bureaucracy. Engaging local stakeholders in issues identification, and exploring the strengths and weaknesses of existing institutions is the first and most important step. 

Things to consider

Scientists are often keen to promote and develop local management initiatives, but this may take the initiative - and ownership of the process -  away from users and local institutions. Scientists or government officials should therefore seek to sow the idea, and then support in every way possible a more genuinely local and user led initiative. Scientists may nonetheless have a crucial role to play – in providing neutral and informed scientific perspective on information and understanding, and in some cases as a neutral facilitator.

Steps to success 
1. Exploratory discussions with local government and/or NGOs, key farmers and other stakeholders to assess need and where appropriate generate interest. 

2. Local meetings to explain and discuss the broad objectives of the initiative  - which in simple terms can be presented as improved management of the shared aquatic system through:
· enhanced understanding and agreement on the nature of access to aquatic resources, and user rights and responsibilities;
· exploration of the nature of environmental change associated with aquaculture and other activities, and the consequences of such change;

· agreement on appropriate limits to environmental change;

· exploration of applicability and value of scientific tools and models;

· development of a management plan;

· strengthened user management capacity and institutions.
3. Local workshop to identify key issues and concerns relating to the status and management of the shared aquatic system.
4. Institutional analysis drawing on the meetings, workshops and discussions with individuals, NGOs and government officials.
A variety of techniques can be used to draw out opinions and identify key issues, including mapping of local resources, influence diagrams (see example below) issue prioritisation/ranking exercises, matrices, Venn diagrams etc
Conditions for success
· Skilled leader with an understanding of local decision making processes and high quality discussion and workshop facilitation skills. Some guidance on running effective meetings and workshops is offered in Annex *
· The institutional analysis and associated discussions should include formal institutions (such as governmental structures, local committees, established rules etc) and informal institutions (such as historic/existing access and use rights, power relations and community structure). 

· While there are advantages in having a local leader/facilitator who has intimate knowledge of both formal and informal institutions, it may be difficult for such a person to take a neutral perspective and resolve any existing or emerging conflict. When agreeing/appointing a leader/facilitator a balance must be struck between facilitation skills, local knowledge and neutrality. This balance will depend on local circumstances and needs. 
· Make sure that the maximum number of stakeholders understands the process which is being embarked upon, and the reasons for each of the stages set out below – as adapted to local circumstances.

· Start with farmers/stakeholders immediate interests (e.g. pond productivity/income) and work outwards to explore the factors in the wider aquatic system which influence success, and which they themselves influence. Finally, discuss trends and the future – i.e. sustainability.
An influence diagram developed as a framework for discussing some of the water management issues for coastal aquaculture in Dosun, Vietnam. 

Such a diagram can be expanded to discuss/illustrate  how decisions by individuals or organisations affect the various elements and ultimately the interests of the stakeholders
[image: image6.emf] 

LOW  SURVIVAL and  growth  

LOW  OXYGEN  

RAPID  SALINITY  CHANGE   PONDWEED  

POND WATER  QUALITY;   MUD NUTRIENT  STATUS  

HIGH  TEMP.  

LIMITED  FOOD  

LOW  TEMP.   VARIABLE  TEMP.  

SHALLOW POND  

FEEDING   AND  FERTILIZATI ON REGIME   AERATION   WATER  EXCHANGE  

CANAL  WATER  QUALITY  

SEDIMENT  MANAGE - MENT  

EARLY OR  LATE  STOCKING  

POOR  SEED  

POOR  ACCLIM ATION  

Management issues and links in Dosun   Bold arrows indicate significant influence (adjust!)  

Other?  

LATE  STOCKING  


3.2 Characterisation of the aquatic system (hydrography)
It is probable that lack of knowledge and understanding of the basic hydrography (water flows and depths) of the aquatic system will be a constraint to solving outstanding issues and developing improved environmental management systems. A good map or diagram of the aquatic system serves as an excellent starting point for discussion and exchange of ideas and perspective.

Steps to success

1. Develop a simple map of the aquatic system, showing where appropriate:

a) Basic topography/coastal features
b) Cages, canals, rivers and ponds (including depth and other dimensions)
c) Tidal regime
d) Water sources
e) Water discharge
2. Use the map as the basis for a meeting/workshop to correct and add to the information, including where possible local knowledge of water movement (flow/direction and its variation at different times/seasons) and variations in water quality. 
3. Add as much diagrammatic information as possible: cross sections of canals ponds and reservoirs; underwater profiles; diagrams of water intake and effluent structures.
4. Use the outputs from stage 1 as a check list of issues which might be illustrated and better understood on or through the maps/diagrams, and discuss possible solutions arising from or highlighted by the exercise.
Conditions for success
· Make sure the maps/diagrams are large – so that they can serve as the visual focus for discussions, and so that additional information can be added clearly and easily.
· Make sure you share and document as much information as possible before discussing difficult management issues.
3.3 Developing new management procedures or institutions

Rationale

A management problem may exist simply because those involved have never invested the time or energy to agree a solution. Equally, a management problem may exist because no-one or no organisation has responsibility for dealing with it, or lacks the means, capacity or power to achieve a solution. Stages 1 and 2 will have flagged up a range of issues, some of which can be addressed through improved management protocols and/or institutions. 

Things to consider

There is a widespread tendency to seek to deal with a management problem through the creation of a new institution. This can cause delay. It may allow for “passing the buck” – i.e. shedding responsibility. Most management issues can be dealt with by using existing institutions and processes to agree solutions, procedures, protocols. New institutions should only be created where absolutely necessary. 

Steps to success
1. Build on the work in stage 1 and 2 to run a dedicated workshop to agree solutions to existing outstanding management issues.
2. Where a solution cannot be agreed, appoint a specific person - respected by the various parties - to develop a solution, broker an agreement or generate procedures/protocols. Committees or working groups tend to be less effective than individuals in this role.
3. Where it is clear that the issue is ongoing and cannot be addressed through a one-off process, or through informal agreement, allocate responsibility for addressing the issue to an existing institution, or, where absolutely necessary, a new institution. 

4. Any new institution created should have minimum overlap with the responsibilities of other existing institutions. It should be given a clear task with appropriate performance targets.
Conditions for success
· Keep it simple; don’t be overambitious.
· Develop trust and commitment through shared information and simple effective mechanisms.
3.4 Joint fact finding and research
Rationale

Many management problems are caused by a lack of knowledge and understanding or by different interpretations of existing knowledge by different users or user groups. Working together to gather information – building on the work undertaken in stage 2 – will generate trust and promote knowledge exchange and ideas for solutions. Prioritisation is crucial if interest is to be maintained and resources are to be used efficiently.
Steps to success
1. Organise a meeting/workshop
. List the information required to address outstanding issues. Prioritise in terms of:
a) importance for addressing problems
b) ease of collection of information
2. Starting with those which score well on both criteria, and which are achievable within existing time and resource constraints, allocate responsibility to an individual or group to collect the information, and set a time for a follow up meeting/workshop to discuss results.
3. Where information is of high importance, but difficult or expensive to collect, discuss mechanisms by which the difficulties/costs can be overcome.
4. Develop and agree an overall plan or programme for information collection, and where necessary, research. In addition to information needs arising from local issues and perspectives, consider the need for the information as discussed in stages 5-8
Conditions for success

· Don’t be over-ambitious. Be wary of the cost of information. A modest information collection exercise can often provide 90% of the understanding which might otherwise be provided by a costly 5 year research programme. Do you really need the extra 10%?
· Don’t let inadequate information be used as an excuse for lack of action in addressing important issues. 
· Make sure farmers/resource users are closely involved in deciding the need or otherwise for more research, and get them involved in collecting information and discussing results themselves.
· Where there are significantly different perspectives or interpretations relating to particular issues, it is important that all sides be engaged – along with a neutral third party – in any basic fact finding.
3.5 Joint identification of indicators and agreed limits to change
Rationale

If we are to keep aquaculture activity within the capacity of the environment, we need to understand both the nature and rate of environmental change (such as water quality) and acceptable limits to change - according to local needs and circumstances. Indicators allow us to measure change and agree on limits (environmental quality standards).

All farmers use their own indicators of environmental quality and stock health or performance, and these form a sound starting point for assessing change and agreeing limits.

Steps to success
1. Identify the indicators already used by farmers and other resource users. These typically include water and sediment colour and smell, gassing, presence/absence of different plants and animals, behaviour and condition of farmed stock etc. 
2. Discuss and seek agreement on their meaning and reliability, and how they relate to farm performance or to the needs of other stakeholders.

3. Discuss how and why the indicators vary in different parts of the system, through the seasons and through the cropping cycle, as well as any long term trends. Discuss the production, social and economic implications of these variations and trends.
4. Discuss acceptable limits to environmental change from the perspective of the various stakeholders, and the particular indicators associated with these limits. Where possible identify “early warning” indicators which might be used to trigger corrective action before it is too late.
5. Agree on a system for routine recording of the most useful indicators at different critical points in the system (e.g. upstream, downstream, in cages, below cages, in ponds, supply canals) and at different times (different seasons; different stages in the production cycle) in order to monitor overall environmental quality. 
6. Agree on actions to be taken if monitoring shows steady deterioration or if acceptable limits are breached.

7. If scientists are involved, and adequate resources available, collect scientific water quality data (e.g. total nitrogen, total phosphorus, organic matter) in parallel with “user indicators”. Analyse the relationships and correlations between scientific water quality measures and user indicators throughout the year and over several production cycles. Discuss optimal “scientific” water quality needs and appropriate limits with stakeholders, and translate this as far as possible into corresponding “user indicators”. Revisit and adapt steps 4 to 6 accordingly.
Conditions for success

· Step 6 is crucial. Without this all the other steps are a waste of time.

· Don’t be overambitious. Better to collect a little information and analyse it well, rather than collect a lot of information which is never used. This applies to both user derived and scientific indicators.
3.6 Estimation of nutrient budgets 

Rationale

Environmental capacity is exceeded when nutrient inputs (from fertiliser, feed, livestock etc) exceed the sum of nutrient outputs + assimilation/degradation within the system. In these circumstances, water quality is bound to decline, with probable negative impacts both within and outside the aquatic system. Depending on the kind of aquatic system, it may be relatively easy to estimate total inputs and outputs. Since we have some rough ideas about assimilation rates within aquatic systems, we can get some idea about whether or not we are operating in excess of environmental capacity. 

In addition to generating valuable scientific information, this also provides a useful framework for discussions with farmers, allowing for a much more detailed insight into the day to day management of the ponds, cages and wider aquatic system, and opportunity to discuss the pros and cons of alternative management strategies.

Steps to success
1. Using the system map as a framework for discussion, identify all known inputs of nutrients to the system from aquaculture and other sources. These may include, for example:
a) food
b) fertilizer
c) seed stock
d) dissolved and suspended nutrients in water entering the system – water inlet and water run-off
e) leaf litter
f) livestock

g) other (e.g. domestic waste, processing waste)
2. Where possible, mark the points of input on the map, and estimate quantities at different times of year and through the production cycle. Discuss these quantities – and the implications for focusing management action. Any measures to reduce these inputs are likely to be beneficial to the overall status of the system.

3. Convert these quantities into nutrients – nitrogen, phosphorus and carbon. Examples of conversion factors are provided in Annex 1*
4. To estimate d) you will need information on nutrient concentrations in the supply water, and variation through time. This can be difficult and costly and is only worthwhile if the contribution from this source is likely to be significant. Some very rough assessments and calculations should be undertaken initially to see whether this is worth-while.

5. Identify and illustrate on the map or diagram all known outputs from the system. These are likely to include:

a) harvested aquaculture, fisheries and agriculture products
b) nutrients in (effluent) water leaving the system
c) other
Where possible indicate the timing or seasonality of these outputs

6. Convert output quantities into nutrients – nitrogen, phosphorus and carbon. Examples of conversion factors are provided in Annex 1. Estimation of the nutrients discharged in water leaving the system - and the concentration and dilution of these nutrient -  is important as this gives an indication of the impact of the whole system on the wider environment as well as allowing for calculation of nutrients retained in the system.
7. Estimate the likely assimilation of carbon and nitrogen within the system (see Annex 1)
8. Calculate the residual – or the quantities of nutrients likely to be accumulating within the system. Discuss where the main areas of accumulation are likely to be (e.g. in pond sediments; in canal sediments) and discuss management implications

9. Examples of these calculations and assessments are provided in Annex 2 (pond systems) and Annex 3 (cages in open water systems). A variation on these calculations using the concept of flushing rate is presented in Annex 4. The use of more complex dispersion models is discussed in Annex 5
10. Develop diagrams and maps to illustrate inputs and outputs and key locations in terms of nutrient accumulation. Some examples are provided in Annex 6.

3.7 Updated  assessment of key issues, management needs  and development of draft user management plan

Rationale

The above processes and exercises should lead to 

· Better shared understanding of existing identified problems;
· Identification of new problems, or problems likely to arise in the future;
· Informed ideas to deal with existing problems and pre-empt likely future problems.
The information and discussion should provide a sound basis for a more comprehensive environmental management plan for the whole system. Not only will this safeguard the sustainability of production and reduce the chances of conflict between stakeholders, it may also be used to meet both government and market needs in terms of assurance of best practice production methods.

Steps to success
1. Appoint a respected, informed and neutral person to draft a management plan, drawing on all the discussion and research in stages 1-6 and consulting widely on any components which might be difficult or controversial to implement. Focused workshops may be required to achieve consensus on important elements of the plan.
2. The plan should include at minimum the following:
a) Objectives. These might include, for example:
· high levels of income and/or employment; 

· sustained long term production; 

· minimal conflict between stakeholders; 

· minimal downstream environmental impacts

b) Agreed targets and standards. These might include, for example:
· specific rates of production, employment or income;

· size or quality standards for product;

· water and/or soil quality standards for different parts of the aquatic system

Ideally, water quality standards should be described in terms of both local farmer indicators (colour, smell, indicator organisms etc) and chemical composition.

c) Mechanisms to stay within environmental capacity. These might include:

· Best practice use of feed and fertiliser
· Limits (quotas) on use of feed or fertiliser

· Quality standards for feed or fertiliser
· Water management protocols, including effluent treatment/management

· Pond/canal sediment management protocols

· Licensing and associated design or operational conditions

· Limitations and/or conditions on the allocation or sale of water and land use rights 

· Agreement or conditions on location, extent, pattern and density of development
The allocation of rights to use land and water are intimately related to issues of environmental capacity and poverty alleviation. Limitless entry to any activity may undermine attempts to control environmental impact, irrespective of best practice.

It is therefore important that these issues are considered throughout the planning and management process, and addressed specifically in the plan.

d) Mechanisms to achieve wider objectives. These might include:

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

· Disease prevention and management 

· Product handling, distribution and marketing

· Skills development and exchange of information

e) Monitoring, reporting and adaptation. 
The plan should spell out clearly how progress toward meeting objectives will be measured, including procedures for monitoring water quality within the system and at discharge/boundary points, and reporting of status and progress to the stakeholder community.
It should also include response procedures – in other words, if water or soil quality declines, or if best practice procedures are not adhered to, what will be done?

Annex 1: 
nutrient budget: Estimating nutrient input and output from the system
Mass balance estimates
A rough mass balance calculation for the whole aquatic system, or for individual parts (ponds, canals, particular groups of ponds etc) is a relatively simple exercise
and helps identify possible problems in terms of local accumulation of nutrients (for example in ponds or effluent canals), or potential longer term problems for the system as a whole. It also provides information on the impact of the farm system on the wider aquatic environment. 
It should be emphasised that the estimates are unlikely to be accurate – there are usually complex patterns of water exchange and nutrient inputs throughout the cropping cycles and seasons – but the exercise raises awareness, poses questions, and offers some insights.
The basic method is to identify all the inputs to, and outputs from, the system (or a particular part of the system) over a set period (crop, season, year), and convert these into nitrogen, phosphorus and possibly carbon equivalents using the conversion factors given in Table A1, or others as referenced. An example is provided in Table A2. Once input quantities have been estimated through discussions with stakeholders, or field observations, the individual calculations are all very simple (e.g. total feed input X nitrogen content = total nitrogen input through feeding), but grea care is required to ensure consistency and comparability of units.
It is useful to present the inputs and outputs in diagrammatic form (example in Fig A1).
Table A1: Nutrient content of inputs and outputs as used in Tropeca research project 

	
	N content (% dry matter
)
	P content (% dry matter3)
	Moisture content (%)
	reference

	Xuan Tu case study
	
	
	
	

	Trash fish and molluscs (lobster feed)
	2.10
	0.17
	70-80%
	Project analysis

	Trash fish (snail feed)
	2.54
	0.21
	70-80%?
	Project analysis

	Pellet feed (shrimp)
	6.62
	1.66
	10-15%?
	Commercial data

	Spiny lobster
	3.59
	0.30
	75%?
	(Boi, 2000)

	Snail
	1.42
	0.11
	70%?
	Project analysis

	Shrimp
	2.90
	0.34
	75%?
	Jackson et al 2003

	Household solid waste
	1.86 kg N/person/yr (a)
	0.37kg P/person/yr (b)
	
	a) Sogreab 1974; b) padilla et al 1997

	Domestic sewage
	4kg/person/yr
	1kg/person/yr
	
	World bank 1993

	Detergent
	
	1kg/person/yr
	
	World bank 1993

	Doson Case study
	
	
	
	

	Shrimp
	2.89
	0.28
	75%?
	Project analysis

	Seed (?)
	2.4
	0.4
	75%?
	Project analysis

	KP type pellet feed (shrimp)
	6.4
	1.7
	10-15%
	Commercial data

	Trash fish
	2.72
	0.5
	70-80%
	Lab analysis

	Snail
	2.4
	0.3
	70%?
	Lab analysls

	NPK fertilizer
	16
	8.7
	20%
	Commercial data

	Urea fertilizer
	45
	0
	46.3%
	Commercial data

	manure
	1.36
	0.49
	70-80%
	Project analysis

	Water supply (mg/l?)
	0.84 (% wetweight)
	0.028(% wetweight) 
	100
	Project analysis

	Rainfall (mg/l?)
	0.025
	0
	100
	Project analysis

	
	
	
	
	

	Putia village case study
	
	
	
	

	Mango leaf
	1-1.5
	0.08-0.175
	80%?
	Young & Koo 1969

	FW hycinth
	1.7
	0.43
	92.7%
	Kwang Lic 1985 AIT thesis AE 85-28

	Compost manure
	1.83
	0.59
	81%
	Kwang Lic 1985 AIT thesis AE 85-28

	Water spinach
	1.4
	0.03
	91.2%
	

	Duckweed
	0.8-7.8
	0.03-2.8
	86-97%
	Landolt & Kandeter 1987

	Clarias batrachus
	8.5%
	2.1%
	71.8%
	Hossan 1988 AIT thesis

	Manure
	
	
	
	“

	Dairy cattle
	0.5
	0.86
	85%
	“

	Beef cattle
	0.7
	0.215
	85%
	“

	Poultry
	0.559
	0.41
	72%
	“

	Swine
	0.129
	0.33
	82%
	“

	Sheep
	1.4
	0.215
	77%
	“

	Duck
	3.2
	1.6
	?75%?
	“

	Cow
	1.1
	0.21
	79.6
	”

	Rice bran
	1.6
	0.4
	9.2%
	“

	urea
	46
	0
	
	“

	TSP
	0
	20.64
	
	Commercial data

	Cyprinids, Tilapia
	9.7
	1.5
	
	Sterner and George 2000

	Can Gio case study
	
	
	
	

	Shrimp (harvest)
	2.9
	0.34
	
	Jackson et al 2003. Aquaculture 218, 397-411

	Shrimp fed (Tom boy Co.)
	38-42% protein
	1.5
	
	


Note that moisture content can be very variable, and if possible local analyses should be undertaken.  

Looks tricky – some of this is percentage wet weight, to be sure….
Various sources exist offering information on composition of various materials typically input to aquaculture systems.

http://www.fao.org/DOCREP/003/X6877E/X6877E00.htm#TOC
http://www.ars.usda.gov/main/site_main.htm?modecode=12354500

From Tuan

1. Boi, N.V.Q., 2002. Lobster (Parulinus ornatus) cage culture practices and the potential environmental impacts of feed use in Van Ninh district, Khanh Hoa province, Vietnam. Master thesis, AIT, Bangkok, Thailand. 
Sorgreah, 1974), 

domestic sewage (Padilla, J., L. Castro, A. Morales, C. Naz, 1997), and detergent (Work Bank, 1993). 

(Boi, 2000)

Binh, Pers. Comm.)

(Jackson et al., 2003)

Briggs and Funge Smith, 1994; Jackson et al., 2003; Md. Shahidul Islam et al., 2004). 

Figure A1:  Example of input-output diagram (nitrogen)  – shrimp and paddy farming system, SW Bangladesh (from Rouf 2005)

[image: image2]

Examples of annual mass balance estimates from case studies of shrimp farming systems (groups of farmers using a shared aquatic system)  in Vietnam and Bangladesh
[image: image3.emf]DO SON (av 1.3 crops per year) KHULNA (av 1 crop per year) CAN GIO (av 2 crops per year)

INPUTS kg N/ha/y %of total kg P/ha/y % of total INPUTS kg N/ha/y % of total kg P/ha / y % of total INPUTS kg N/ha/y % of total kg P/ha / y % of total

feed 19.2 38.1 2.8 18.3 feed Homemade  8.2 15.5 1.9 5.8 feed 189.7 74.7 45.0 90.9

MOC 3.0 5.7 1.0 3.1

Fish meal 0.2 0.4 0.2 0.5

fertiliser 31.1 61.5 12.6 81.5 fertiliser Urea 25.7 48.4 0.0 0.0 fertiliser (initial loading) 19.0 7.5 2.4 4.8

TSP 0.0 0.0 23.7 73.8

Cowdung 8.1 15.4 3.5 10.8

seed 0.0 0.0 0.0 0.0 seed 0.0 0.0 0.0 0.0 seed 0.0 0.0 0.0 0.0

paddy stable 1.7 3.2 1.4 4.4

water supply 0.2 0.4 0.0 0.2 water supply 5.8 11.0 0.4 1.2 water supply 45.2 17.8 2.1 4.2

rainfall 0.0 0.0 0.0 0.0 rainfall 0.3 0.5 0.1 0.3

run off 0.0 0.0 0.0 0.0 run off

Total inputs per year 50.5 15.5 Total inputs per year 53.0 32.1 Total inputs per year 253.9 49.5

OUTPUTS OUTPUTS OUTPUTS

harvested shrimp 5.4 18.1 0.7 14.4 shrimp harvested 7.8 27.0 0.7 29.3 shrimp 71.9 68.4 8.4 59.2

mortalities shrimp 2.2 7.5 0.3 6.6 mortalities 1.9 6.6 0.2 8.3

harvested Crab 1.4 4.6 0.2 4.1

Mortalities -crab 0.0 0.0 0.0 0.0

harvested fish 3.0 10.0 0.3 5.4 fish harvested 5.9 20.4 1.1 45.8

mortalities fish 0.3 0.9 0.0 0.6 mortalities 0.6 2.0 0.1 4.2

harvested seaweed 5.4 18.2 0.6 10.9

denitrification 3.0 10.0 denitrification 6.9 23.9 denitrification

total nutrients removed 20.7 2.2 total nutrients removed 23.1 2.0 total nutrients removed 71.9 8.4

waste water 0.2 0.8 0.4 7.2 water waste water 5.7 19.7 0.4 16.7 water waste water 22.4 21.3 3.2 22.5

harvest drainage 3.0 10.0 0.4 7.8 harvest drainage <0.1 <0.1 <0.1 <0.1 harvest drainage 10.8 10.3 2.6 18.3

Total outputs in water 3.2 0.8 Total outputs in  water 5.8 0.4 Total outputs in  water 33.2 5.8

Total outputs per year 24.0 2.9 Total outputs per year 28.8 2.4 Total outputs per year 105.1 14.2

Balance 26.6 kg N/ha/y 12.5 kg P/ha/y Balance 24.2 kg N/ha/y 29.6 kg P/ha/y Balance 148.8 kg N/ha/y 35.3 kg P/ha/y

52.6 % of input 81.1 % of input 45.7 % of input 92.4 % of input 58.4 % of input 71.3 % of input

Nitrogen Phosphorous Nitrogen Phosphorus Nitrogen Phosphorous



Annex 2: 

Mass balance calculations: open water cage systems

In principle the calculation of mass balance of nutrients in open water systems is simple and similar to that above.  The problem lies with estimating the nutrients removed or dispersed by water currents or tidal exchange.

If the cage or cages are in a pond, then it may be assumed that the water in the cage is in balance with that in the pond. In this case the mass balance can be undertaken for the pond system as a whole, as in Annex1.

Where cages are set in a lagoon, estuary or open sea, then calculations must be based on estimated of tidal flushing or exchange. There are several possible approaches to this.

Lagoon system
Using tidal range

The simplest (and least accurate!) way to estimate removal of nutrients from a lagoon is to calculate the “flushing rate” based on change in tidal height:
Estimate the total average volume of the lagoon V

V (m3) = (average water depth at mid tide(m) x area at mid tide (m2)

Estimate the average volume of water exchanged with the wider ocean on each tidal cycle VD

VEt (m3) = average tidal range (m) x area at mid tide (m2)
Estimate the total volume exchanged each year

VEa (m3) = number of tides per day x 365

Nutrients (e.g. N or P) flushed from the lagoon (Nf):

Nf = VEa x (nutrient concentration in vicinity of cages (mg/l) – nutrient concentration in open sea (mg/l))
Using current flow
Annex 4: 
Using flushing rate calculations

Annex 5: 
Using simple dispersion models

Annex 6: 
Using more complex dispersion models

Annex 7: 
Examples of maps and diagrams

Annex 8: 

Examples of locally developed environmental indicators
Table A8.1 : Indicators used by farmers engaged in “Tropeca” case studies to assess and monitor environmental quality

	Khulna
	Can Gio
	Putia
	Xuan Tu
	Dosun

	Water smell
	Transparency (high in supply water = good)
	Brownish or yellowish green colour suitable for cage culture
	Black bottom sediment/mud
	Brown yellow colour after pond fertilisation (good)

	Water (supply) typically whitish, sometimes reddish; 
	Presence of small fish (e.g. Mugil) in supply water 
	Bright/dark green not suitable for cage culture
	Off-smell of sediment/water
	Green colour once established (good)

	Pond water changes from green to blue-green to muddy in typical crop cycle


	Green colour and 30-40cm transparency (indicating suitable culture conditions)
	Fish at surface indicates unfavourable conditions
	Large concentrations of polychaetes
	Turbid-brown-yellow + luminescence (bad)

	Oily surface layer associated with disease
	Shrimp movement and behaviour
	Water and mud smell
	
	Deep blue/brown accumulating at pond corner – bad – high temperature and excess nutrients

	Tealeaf colour may protect shrimp from mortality?
	Clean gills
	transparency
	
	Milky, sometimes brown and red (protozoa and zooplankton take over)

	Gassing – indicating far too much organic sediment
	Algal growth on shell
	
	
	Shrimp movement and behaviour

	After exchange – may be followed by mass mortality
	Slimy, dark green colour
	
	
	Snails (Cerithidia)

	Shrimp drift with water inflow indicates disease
	Orange colour
	
	
	Aquatic plant (bottom living)-  poor food

	Shrimp die after heavy rain
	Transparency less than 20cm
	
	
	

	High salinity; low depth; heat all cause mortality in dry season. Saline bubbles
	Floating ferrous layer
	
	
	

	Aquatic plant Cata saola source of food and shelter in dry season
	Black mud
	
	
	

	Vegetation round pond edge indicates good soil and water quality
	Small snail
	
	
	


In practice, the project researchers also identified a range of other indicators that could be used in water quality management 

Table A8.2:  Other indicators that could be or were used in water quality management

	Indicator 
	Indicator of

	Cyanophyta
	low salinity, high nutrient

	Zooplankton
	May carry disease

	Phytoplankton-zooplankton ratio (1billion:1)  green water; sechi 30-40cm
	Fertile stable pond system

	Snails (Cerithidia),  annelid and polychaete worms
	Excessive organic matter (although worms provide good nutrition for larger shrimps)

	Bottom weed and clear water
	Unfavourable conditions – low fertility and lack of food

	Crustacea (abundant copepods, cladocers, crabs etc) 
	Often associated with disease

	Green
	Green algae

	Yellow brown
	Diatoms and/or rotifers

	Brown
	Cladoceran

	Whitish-grey
	Protozoa and zooplankton, copepopds?

	Blackish, clear, pungent smell
	Bloom collapse

	
	


Experienced farmers are alert to water quality changes and have a relatively effective set of indicators. However, while there are clear indicators associated with unfavourable conditions, what seems to be lacking from a management perspective is a more sensitive indicator of imminent excess plankton bloom likely to be followed by a crash, although it may be that the longer term enrichment indicators (snails, worms, black smelly sediment etc) are sufficient.

Annex 9: Improved workshops and meetings

This is a big subject in its own right, and there are many different views on how to run a good meeting. Indeed, different countries have different traditions and preferences relating to meetings and workshops, and fashions change. Nonetheless it is important to present some guidance: the success of any community based or partnership based initiative will depend on holding meetings which are effective. For our purposes, an effective meeting or series of meetings/workshops is one which:

· allows for the airing and discussion of all significant concerns and perspectives;

· builds trust;

· leads to exchange of information between different interests and stakeholders, and between technical specialists, government and resource users;

· generates information which will underpin improved management;
· generates agreed ways to go forward and improve on the current situation.
This is no easy task, and the chairperson or facilitator should take the job extremely seriously, prepare well, and be sensitive and alert during the meeting. He/she should be neutral and positive about all contributions (except where these are destructive). Where possible he/she should summarize different perspectives, so that everyone feels that they are being listened to. He/she should be socially skilled, able to control difficult or destructive participants without humiliating them.
Establish ground rules

Rules of engagement should be laid down at the start, and everyone should abide by them:

· Participate: everyone who has something to say should say it;
· Be open and honest;
· Respect the opinions of others: listen, and let them finish - even if you disagree strongly.
Meetings are often dominated by a powerful person or someone with a personal mission. This can be combated if appropriate with a simple rule – nostueso – no-one speaks twice until everyone speaks once. 

Process

Establish a clear time bound process. If the meeting is exploratory and wide ranging, designed to raise and test ideas, the process is likely to consist of:

· Introduce: review the history/context; state (or agree) the objectives and outcomes for the meeting; get to know each other
· Open:
brainstorm:  raise and record all issues of concern and ideas for progress; minimise discussion and comment; control any tendencies to “put down” or be dismissive of others.
· Narrow: clarify the meaning of points raised (clarification); combine points which are related or facets of another idea (combination); prioritise issues and eliminate some if possible (prioritisation/elimination); break out groups if necessary
· Close:
agree on issues to be addressed and/or the way forward; report
If there is time, more free discussion may be introduced between open and narrow.

If the meeting is rather more focused it may take the related form:

· Where are we now? Brainstorm 
· Where do we want to be? Brainstorm; clarification; combination; prioritisation/elimination
· How do we get from here to there? Brainstorm, clarification, combination; prioritisation/elimination; break out groups; agree on way forward; report
Typically the chair or facilitator will guide this process and use his/her skill to draw out important knowledge and generate agreed solutions, improvements or actions. They also often create smaller “break-out” groups with a remit to tackle particular issues, and report back accordingly. These sub-groups will probably follow this same basic process.
If the outcomes are less easily agreed and if many people are involved, it may be useful to use the “open space” approach. Here the participants themselves lay out initial ideas (usually on wall charts) around which a discussion group forms. The facilitator maintains only a light touch – overall timing; reporting protocols etc

Useful techniques
Prioritisation/elimination

Whatever process is used, there will typically be a need to focus in on promising ideas, solutions, ways forward before fleshing them out in more detail. Simple polling techniques can be very useful. 
“fist of five”. Pull out a good idea and get participants to raise

Fist = no good; I will not agree. 

1 finger = I don’t agree but I’m willing to listen; 

2 = I’m doubtful but will listen; 

3 = yes probably, but needs work;

4 = yes, lets discuss how to do it

5 = definitely, I’m keen to implement

Dot or star polling:  offer a limited number of sticky dots/stars to each participant (the number of ideas divided by 3 or 4). Get participants to allocate these to one or more of the ideas on the flip chart.

Eliminate: some ideas can be eliminated on logical or practical grounds (e.g. they don’t meet the objectives; they are impractical; there are insufficient resources) or the group can agree to eliminate some zero or low polling ideas, depending on the scope of what might realistically be achieved.

Exploring and generating ideas/themes

Maps and mental maps: starting with the physical maps of the aquatic system, get participants to add information or make connections. Use boxes, circles arrows etc to explain and discuss issues and new approaches. Alternatively start with an idea or problem someone has suggested and around it develop an “influence” diagram with arrows and symbols: what, who, or which institution influences or impacts other elements in the physical system and associated human activities and institutions. Add detail on the nature and importance of the relationships. Use different symbols and colours for organisations, physical processes, positive influences, negative influences, uncertain influences etc. Use the size of symbols or thickness of lines to illustrate the importance of the element or relationship.
Plus-delta: Assess an idea against two columns: 

a) strengths  

b) ways to make it better

Index cards/post-its: get participants to reflect quietly and write their points/ideas on a card or post-it. Use the cards as a resource for discussion, or post ideas up around the room for everyone to see in breaks or special post-it sessions.

Annex 9: 

References to useful resources and more detailed guidance

The following is not intended as a comprehensive bibliography, but rather as a selection of a few useful documents and web links that may be useful to inform different parts of the process.

Workshop facilitation techniques

http://www.bonner.org/resources/modules/modules_pdf/BonCurFacilitation201.pdf
http://www.bonner.org/resources/modules/modules_pdf/BonCurFacilitation202.pdf 
Nutrient composition

US Department of Agriculture, Agricultural Research Services. Nutrient Data Laboratory. Searchable database and links for nutrient composition of food and agriculture products

http://www.ars.usda.gov/main/site_main.htm?modecode=12354500 

Food composition table for use in Africa  1968 A Research Project Sponsored Jointly by U.S. Department of Health, Education, and Welfare and Food Consumption and Planning Branch, Nutrition Division Food and Agriculture Organization of the United Nations
Rome, Italy

http://www.fao.org/DOCREP/003/X6877E/X6877E00.htm#TOC

Olahoma State University Feed Commodity Bulletin. http://www.ansi.okstate.edu/exten/feedbull/nutrient.htm 
Institutional analysis

Conflict resolution

Nutrient budgets

Assimilation rates

Dispersion and mixing

Decision analysis

Fisheries co-management
There is much experience of engaging user groups in fisheries management, and many lessons learned can also be applied to community based environmental management for aquaculture.

Allison, E.H. and Badjeck, M-C 2004. Fisheries co-management in Inland waters: a review of international experience. Food and Agriculture Department of the United Nations/Department for International Development Sustainable Fisheries Livelihoods Programme. http://www.sflp.org/eng/007/pub8/AllisonampBadjeckInlandCo-managementreviewfin04.pdf 
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� http://www.hambreyconsulting.co.uk/tropeca-research-outputs-g.asp


� This may be an extension of the stage 2 workshop or a dedicated workshop in its own right


� Except as otherwise indicated





