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ABSTRACT
Tropical river fisheries contribute significantly to the food security, health and livelihoods of hundreds of millions of people. However as use of water for irrigation has increased, together with demand for urban and industrial use, fish catches along these river systems have declined.  As a result there is now widespread international recognition that future water allocation and flow management must take account of the needs of river fisheries and the communities that depend upon them.

Efforts to turn this broad understanding and international consensus on the value of river fisheries into improved management of these resources are currently constrained by the generally poor specific understanding of the value of individual fisheries at national or river basin levels, and the lack of detailed information on the water flows required to sustain particular levels of fishery production and economic benefits to dependent communities.  To help address this need a four-year research program is currently being designed for 10 river basins in the tropics that will seek to develop the tools and capacities required.  The present project is designed to initiate this work by carrying out an assessment of current understanding of the value of river fisheries, of the impact upon this of changes in water flow as a result of drought, dams and abstraction, and evaluate existing studies and tools used to assess the water requirements of river fisheries.  This assessment will provide immediate policy guidance while contributing to the design of community based river fisheries management work on individual rivers.

Recommendations will also be provided on the best tools currently available for valuation and assessment of in-stream and floodplain flow requirements of tropical river fisheries, together with analysis of their strengths and weaknesses, and priorities for improvement.  Particular attention will be given to reviewing and exploring options for integrating three complementary approaches that are currently being tested in river basins in Africa and Asia: the Floodplain Fisheries Simulation Model (FPFM), the holistic environmental flow methodology DRIFT (Downstream Response to Imposed Flow Transformations), and the Bayesian Fish Production Model (BFPM) currently being used on the Mekong River. (Annexes I, II, III).

The project will last for one year and be executed by ICLARM – The World Fish Center, in cooperation with the International Water Management Institute (IWMI), Southern Waters, University of Cape Town (South Africa), Griffith University (Australia), the Renewal Resources Assessment Group, Imperial College, University of London (UK), and NARES partners in Africa (Nigeria, Ghana, Malawi, Mozambique, South Africa) and Asia (Thailand, Vietnam, Laos, Cambodia) and Latin America (Brazil). 

BACKGROUND
As demand for freshwater continues to rise and ways are sought to improve water productivity, decision making bodies at local, national and basin levels require accurate information on the role of river flow in sustaining a wide range of environmental benefits.  River and floodplain fisheries are one of these benefits, yielding an estimated 16 million tons annually, and providing employment, income and an essential supply of animal protein for hundreds of millions of people. However as use of water for irrigation along these river systems has increased, together with demand for urban and industrial use, fish catches have declined and there is now widespread international recognition that future water allocation and flow management must take account of the needs of riverine fisheries and the communities that depend upon them.

The World Water Vision, the Global Water Dialogue and the World Commission on Dams have responded to these growing pressures upon river ecosystems by calling for a new approach to fisheries and river management as an integral part of efforts to improve the sustainable benefits that people obtain from water.  For example Guidelines 15 and 16 of the WCD call for “Environmental Flow Assessments” and “Maintaining Productive Fisheries” and specify inter alia the importance of assessments of the water requirements of fish populations and the mitigation of fish losses on the downstream floodplain through flow releases.  However, while this growing international recognition of the importance of these resources provides an important policy framework, efforts to build upon this and improve water management in individual rivers have been constrained by the lack of specific information on the value of individual fisheries, the impact of changes in water flow on these resources and the people who depend upon them, and the water management regime required to sustain fisheries and their benefits in the face of increasing water demand.  As a result the recent history of river fisheries in the tropics has continued to be one of decline and loss of benefits to people.

If the increased awareness and emerging policy framework provided through these international initiatives is to lead to sustained benefits for poor fishing communities, they need to be followed now by the generation of policy relevant information and development of practical tools that can support water management decisions at local, national, and basin level.  Specifically the needs are to:

· document, and disseminate information on the full economic and social value of the fisheries of different types and scale along tropical rivers;

· document, and disseminate information on, the impact on these values of drought, dams, abstraction, and other changes in the water flow regime;

· review and assess the tools that are currently available for assessing the values and impacts, as well as for understanding and predicting the impact of changes in river flow on fish populations and the communities that use them;

· identify those tools that are most practical and most cost-effective in tropical systems and in countries with limited resources;

· identify where new tools and methods need to be developed if timely and effective advice is to be provided to decision-making structures;

· understand the institutional approaches that help to ensure that improved information does indeed lead to improved policy and management.
These and related issues were reviewed in early 2002 during a workshop on “Managing River Flows to Sustain Tropical Fisheries” held during the International Working Conference on Environmental Flows for River Systems and the Fourth International Ecohydraulics Symposium (Cape Town, South Africa, 4-8 March 2002).  This workshop provided participants with an opportunity to examine these issues, and work together to identify practical research priorities that can be pursued in the coming 3-5 years (see Annex IV).

To contribute to this agenda the project described here will establish an international collaborative research project to develop decision-support tools for water allocations that will sustain river fisheries and so improve water productivity at basin level.  As the first phase of this work, the proposed project will effect state of the art reviews of the value of river fisheries and the tools used to assess this, the impacts upon these values of changes in water flow, and the tools currently being used to assess water requirements for fish and assess their suitability for tropical rivers.  The second longer phase will then focus upon further development and testing of those methods and tools that have proved particularly suitable.  Amongst the tools to be reviewed, three approaches will receive special attention: (i) the holistic methodology DRIFT (Downstream Response to Imposed Flow Transformations) (Annex I – King et al. 2002; Arthington et al. 2002) that is currently receiving increasing international attention as a suitable framework for the design of environmental flow regimes and water mitigation strategies in floodplain rivers; (ii) The Floodplain Fisheries Simulation Model (FPFM) (Annex II - Halls et al. 2002) which is a promising predictive model with potential for integration into the basic frameworks of the DRIFT methodology; (iii) The Bayesian Fish Production Model (BFPM) that is emerging from work on the Niger and Mekong river systems (Annex III - Baran and Baird, 2001).

The first phase of the project will identify the further research required to develop DRIFT (and if necessary incorporate other methods, tools or modules) and integrate the FPFM, and BFPM with DRIFT to form a quantitative scenario-based methodology suitable for assessing the environmental flow requirements of fish species/guilds in tropical floodplain river systems.  This integrated DRIFT-FPFM/BFPM “package” will be designed to enable prediction of the impacts on fisheries and dependent communities arising from flow regulation by large dams and other water infrastructure, and support the design of mitigation strategies for existing and future water resource projects.

GOAL

To sustain and where possible improve fish production, fishery dependent livelihoods, and human nutrition, along tropical rivers. 

PROJECT PURPOSE
The overall purpose of the project is to improve water policy and decision-making at local, national, and basin levels so that these can take informed account of the flow requirements of socio-economically important river fisheries.   The project will seek to achieve this by providing state of the art information on the value of tropical river fisheries and the impact upon these of changes in water flow, and by providing guidance for the development of practical tools for predicting the impact of changes in river flow regime on ecological systems, the fisheries they sustain, and the communities that depend upon them.  It will do this by carrying out a comprehensive review of existing information and tools, identifying their strengths and weaknesses, testing integration, and providing guidance on the further development and testing of improved tools with stakeholder groups in selected river basins.

OUTPUTS
Principal outputs will include:

1. State of the art review and assessment of:

a. Available information on the value of tropical river fisheries, and of the methodologies used to assess values.

b. The ecological impact of drought, dams and water abstraction on river fisheries and economic and social impacts on dependent communities. 

c. In-stream and floodplain flow and fisheries modeling methodologies, and their suitability for use in tropical rivers.

2. Recommended methodologies for valuation of river fisheries for use by key stakeholders.

3. Improved capacity among NARES to assess the strengths and weaknesses of tools currently being used.

4. Trial integrated package (DRIFT/FPFM/BFPM) for modeling of river fisheries and their flow requirements to be tested subsequently in the second phase of the project.

5. Agreed research agenda for further development of the DRIFT/FPFM/BFPM package for use by stakeholder groups, including considering issues such as inclusion of 3-4 major fish guilds, linking elements of the flow regime to hydraulic characteristics of key habitats in floodplain systems, habitat requirements of each fish guild/species, patterns of fish migration in response to water level rise, flood behavior, size of flood pulses etc, and fish reproductive phenology and recruitment processes.

ACTIVITIES
The focus of the project is to review and assess existing knowledge and technologies and build upon this to design a longer-term initiative that will develop and apply new and improved decision-making tools at field level in up to 10 tropical river basins.

1. State of the art review of the value of tropical river fisheries.  Three continental reviews of the value of river fisheries will be carried out covering Africa, Asia and Latin America.   These will seek to identify contemporary valuation studies at the level of individual fisheries and rivers and build upon these to extrapolate the full value of the fisheries.  The different approaches used will be compared and an assessment made of those that provide the most accurate and useful information to stakeholders.

2. Review of the impact of drought, dams and water abstraction on river fisheries. In parallel to the review of fisheries value, a similar review will also be conducted of the best information available on the impact of drought, dams and water abstraction on river fisheries.  This will seek to document contemporary information on the biological impact of changes in water flow on the ecology and productivity of river fisheries, and of the consequent social and economic impacts on communities who depend upon them.

3. Review of in-stream and floodplain flow and fisheries modeling methodologies.  Currently accepted best practice methodologies for assessing in-stream and floodplain flow requirements of aquatic ecosystems and fisheries will be reviewed, together with the current status of river fisheries modeling.  On the basis of this review and assessment, the suite of methodologies that can be most easily adapted for use in tropical river fisheries will be selected for further detailed analysis.  It is currently foreseen that three methodologies will receive special attention: DRIFT, FPFM and BFPM.  However all methodologies that can be of practical application in the complex environments of tropical rivers will be considered.

The review will be carried out by the principal investigators working as a virtual team and through workshops to be held in December 2002 and February 2003.

4. Preliminary integration of DRIFT, FPFM and BFPM.  Drawing upon the results of the review of in-stream and floodplain flow and fisheries modeling methodologies a preliminary package integrating DRIFT, FPFM, BFPM and appropriate elements of other methodologies will be proposed.  This preliminary integration will (i) review and refine definition of existing hydrological methods and hydraulic modeling capacities in the latest version of DRIFT; (ii) review methods of scenario development in DRIFT and revise/expand to accommodate natural river flow dynamics and possible water use options and strategies in tropical floodplain river systems; (iii) define additional work needed to address physical and biological model requirements for new DRIFT/ FPFM/BFPM “package”.   This preliminary integration will be addressed during the design workshops to be held in December 2002 and February 2003.

5. Design of follow-up. On the basis of the review and preliminary integration of the flow and fisheries models a detailed work plan for full development of the integrated flow assessment tools will be prepared.  This will be initiated in December 2002 and finalized in early 2003, notably through a Phase 2 design workshop in Phnom Penh in February 2003.

METHODOLOGY
The activities described will be pursued using three main approaches:

· The State of the Art Reviews will be carried out by members of the research consortium through their own research institutions and in collaboration with appropriate partners.  While these will be desk reviews the lead researchers will engage with and draw from on-going (contributing) research projects at their institutions and with their partners.

· Work required to improve and integrate the DRIFT, FPFM and BFPM will be identified by the lead researchers and partners working as a virtual team and initial steps to address these requirements will be taken by the researchers working at their institutions.

· The first drafts of the State of the Art reviews and the steps taken to improve and integrate the DRIFT, FPFM and BFPM models will be examined through a research workshop to be held in December 2002, at which gaps and steps to address these will be identified.  The final reviews and the final integrated model will be reviewed at a second workshop in February 2003 and by virtual workshops during 2003.

.


BENEFICIARIES AND IMPACTS
The ultimate beneficiaries of the project will be the fishing dependent communities of tropical river basins.  Immediate beneficiaries will be the river basin and water management authorities, departments of fisheries and agriculture, and NGOs and community groups engaged in seeking more productive and equitable use of water.

The project will seek to maximize the value of the work by engaging and working through these stakeholders at critical stages of the project.

The specific outputs of the project will contribute to improving capacity to assess the environmental flow requirements of fish species and guilds dominating tropical floodplain river systems.  Once these flow requirements can be identified and quantified, it will be possible for water managers to consider them in government decision-making and policy development, and to use them when mitigation strategies are being designed for existing dams and other water infrastructure.  

The long-term impacts will be well-informed politicians and natural resource managers, more skilled practitioners in the fields of river ecology, environmental flow assessment and mitigation of the impacts of dams and other means of flow regulation, leading to more productive and sustainable floodplain fisheries in major tropical (and other) rivers, and in particular, significant improvements in the livelihoods, health, and quality of life of millions of impoverished people across the developing world.

DISSEMINATION STRATEGY

The results of the project will be delivered at three principal levels.  At the most immediate level the results of the project will drive design of the three-year field project. By engaging the project team in the development of the longer term project the results will feed directly into project design.

Scientific dissemination will be through a series of scientific papers including: 

a.
Review paper describing available information on the value of tropical river fisheries, and evaluation of the methodologies used to assess values.

b.
Review paper on the ecological impact of drought, dams and water abstraction on river fisheries and economic and social impacts on dependent communities. 

c. 
Three papers for presentation at the Large River Fisheries Symposium (LARS), Phnom Penh, Cambodia, in February 2003, to be submitted for publication by the Mekong River Commission. These papers are: (i) fish component of DRIFT (Arthington et al.); (ii) Floodplain Fisheries Simulation Model (FPFM) (Welcomme et al.), (iii) Bayesian Fisheries Production Model (BFPM) (Baran et al.).  These papers will discuss inter alia their capacity for use in predicting impacts of river flow regulation in large floodplain river systems.

d. 
Review and synthesis paper on in-stream and floodplain flow and fisheries modeling methodologies, and their suitability for use in tropical river, providing detailed description of promising tools, including in particular FPFM, BFPM, and DRIFT, and identifying potential links between them in the context of theoretical understanding of floodplain ecology and fisheries production in relation to flow regime.

e. 
A series of workshop reports on the results of running selected flow regulation scenarios for focal rivers and predicting their impacts on fish populations, yields, migrations, and recruitment patterns.

Wider policy oriented dissemination will be through one or more short policy briefs addressing: the value of river fisheries, the impacts of changes in water flow, and the assessment of in-stream flow requirements.  In addition to these published summaries a number of presentations on the work will be given, including at the 3rd World Water Forum in Kyoto, Japan in March 2003.  

RESOURCE SUMMARY

The project will last 12 months and work through a network of partners.  The overall management of the project will be provided by ICLARM, but individual partners will lead specific components.  ICLARM will be responsible for the successful completion of all five project activities.

· ICLARM will lead the assessments of fisheries values and impacts of dams and flow regulation as well as the work on the BFPM.

· IWMI, Griffith University and Southern Waters will lead work on adapting the DRIFT methodology.

· Imperial College will lead development of the FPFM.

· All five of the lead researchers will work together on the integration of DRIFT, FPFM and BFPM.

· NARES and additional ARI partners are engaged in river fisheries modeling and flow assessment activities and will contribute the learning derived from this ongoing work to the project.  Principal NARES partners are the Mekong River Commission (Cambodia, Thailand, Vietnam, Laos) for the Mekong, the Water Research Center (Ghana) for the Volta, the Nigerian Institute for Freshwater Fisheries Research (Nigeria) for the Niger, and Lake Chad basin, University of Cape Town (South Africa) for the Zambezi and Rufiji.  Additional ARIs may include IRD, CEMARE, IHE - Delft, University of Wageningen.

Staff requirements include fishery biologists and population modelers, and resource economists at ICLARM and Imperial College, water scientists at IWMI, Griffith University, Australia, and Southern Waters, South Africa, and modeling experts at IWMI; and staff members from the NARES participants. Travel will include international travel of the lead researchers and NARES and ARI partners to the workshops in December 2002 (Egypt) and February 2003 (Cambodia), together with limited local travel for NARES. No major equipment is required.

Key personnel:

ICLARM: Dr Patrick Dugan (project manager, ecologist); Dr. Eric Baran (fish biologist/modeler); Dr. M. Ahmed (Economist).

IWMI: Ms Rebecca Tharme

Griffith University: Professor Angela Arthington, Dr Brad Pusey (fish ecologist)

Southern Waters: Dr Jackie King; Dr Cate Brown

Imperial College: Dr Robin Welcomme (fishery biologist and modeler); Dr Ashley Halls (modeler)
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Annex 1: Log frame (long-term goal, purpose, outputs, activities and milestones
Table 1: Goal and purpose

	Goal
	Long-term (10 years from project) indicators
	Assumptions

	Sustain and where possible improve fish production, fishery dependent livelihoods, and human nutrition, along tropical rivers.


	· Fish production from tropical rivers sustained at current levels and in some cases restored to pre-1980 levels.

· Water flows retained at current levels and restored where required to restore fisheries.

· Fishery dependent livelihoods and human nutrition sustained and enhanced along tropical rivers.

· Price of fish affordable by poor rural and urban consumers.
	· Improved information will be accompanied by improved governance of rivers and river fisheries. 

· Tools for assessing value and flow requirements will be further refined and capacity built to use these.

	Purpose
	Indicators 
	Assumptions

	To carry out a comprehensive review of existing information and tools, identifying their strengths and weaknesses, testing integration, and providing guidance on the further development of improved tools with stakeholder groups in selected river basins.

	· Review of economic and social value of river fisheries completed for Africa, Asia and Latin America

· Review of impacts of changes in water flow on river fisheries completed for Africa, Asia and Latin America.

· Review of in-stream and floodplain flow and fish modeling methodologies completed.

· Trial integrated modeling package developed for assessing impact of flow change on river fisheries.
	Adequate information obtained from reviews.

Production of trial integrated modeling package feasible without major field testing. 




Table 2: Outputs

	Outputs
	Indicators 
	Assumptions

	1. State of the art review and assessment of:

1.1. available information on the value of tropical river fisheries, and of the methodologies used

1.2. the ecological impact of drought, dams and water abstraction on river fisheries and economic and social impact on dependent communities

1.3. in-stream and floodplain flow and fisheries modeling methodologies, and their suitability for use in tropical rivers


	1. Physical existence of the reviews.
	· Reviews and workshops completed as scheduled.

	2. Recommended methodologies for valuation of river fisheries for use by stakeholders.
	2. User-friendly summary publication on recommended methodologies.
	· Appropriate methodologies can be identified through the review process.

	3. Improved capacity among NARES to assess the strengths and weaknesses of tools currently being used.
	3. Partner NARES using most appropriate of recommended methodologies
	· Appropriate methodologies can be identified.

	4. Trial integrated package (DRIFT/FPFM/BFPM) for modeling of river fisheries and their flow requirements to be tested subsequently in the second phase of the project.
	4. Integrated package available for testing.


	· Integration proves feasible within the time-span and resources available. 

	5. Agreed research agenda for further development of the DRIFT/FPFM/BFPM package for use by stakeholder groups
	5. Published research agenda disseminated
	· Research priorities can be identified as a result of the reviews and development of trial integrated package 


Table 3: Project activities and milestones

	Project Activities 
	Milestones after 6 months

	1. State of the art review of the value of tropical river fisheries
	Major conclusions of review presented at project workshop (February 2003)

	2. Review of the impact of drought, dams and water abstraction on river fisheries
	Major conclusions of review presented at project workshop (February 2003)

	3. Review of in-stream and floodplain flow and fisheries modeling methodologies. 
	Draft review completed (December 2002)

Results presented at project workshop (February 2003)

	4. Preliminary integration of DRIFT, FPFM and BFPM
	Papers reporting on interim results presented at Large Rivers Symposium (February 2003) 

	5. Design of follow up research plan.
	Preliminary plan for Phase 2 prepared (December 2002)

Final plan for Phase 2 prepared (February 2003)


