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Abstract:

Since the 1992 United Nations Conference on Environment and Development, overfishing, loss of coastal habitats, coastal pollution, and loss of biodiversity continue to erode the sustainability of $10.6 trillion in goods and services generated by coastal ecosystems around the globe.  In recognition of the problem, the Global Environment Facility (GEF) has been approached by developing countries for assistance in planning and implementing projects for assessing and managing resources and environments of Large Marine Ecosystems (LMEs) in Africa, Asia, Latin America, and eastern Europe.  Seventeen LME projects involving 84 countries have been approved or are in preparation for funding support by the GEF Council.  The participating countries are putting in place an ecosystem-based, five-module methodology based on systematic assessments of LME productivity, fish and fisheries, pollution and ecosystem health, socioeconomics, and governance.  The GEF Operational Strategy recommends that nations sharing an LME begin to address coastal and marine issues by jointly undertaking strategic processes for analyzing scientific information on transboundary concerns, their root causes, and setting priorities for local action accordingly.  The national inter-ministerial committee established in each country to operationalize reforms and programs is particularly important to achieve practical integration of needed actions in different economic sectors.  However, the GEF was designed to play a minor, catalytic role and new North-South partnerships in LME monitoring and assessment are needed to sustain the $200 million in GEF/LME project momentum that has been created.
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1. Introduction
A legacy of over-fishing, destruction of coastal habitats, and accelerated pollution loading has dramatically reduced biomass and diversity of the coastal oceans to the point that ecosystems are being degraded, national economic benefits from marine systems are falling, and poor communities depending on the resources for livelihoods and protein are being threatened.  The degradation is global, occurring in marine ecosystems adjacent to developing and developed States. Exports to developed countries and their subsidized fleets fuel the depletion. With mismanagement of freshwater basins contributing to the coastal degradation, and with new threats from fluctuating climatic regimes, it is becoming clear that the global life support system anchored, in part, by coastal ecosystems is at risk, and both food security and the socio-economic future of coastal regions are in jeopardy.

Ten years after the UN Conference on Environment and Development (UNCED) held in Rio de Janeiro, 1992, sought to promote sustainable development, it has proven an elusive objective.  More effort is required to improve global environmental conditions.  Both developed and developing countries have reforms to enact to reverse the increasing coastal degradation. In this regard, it is important to note that the 2002 World Summit on Sustainable Development (WSSD) endorsed two important target activities:  (1) the recovery of depleted fish stocks by 2015 to maximum sustainable yield (MSY) and, (2) the introduction of ecosystem-based assessment and management practices for the world’s coastal and marine areas.  

Movement toward these objectives has already been initiated by several international institutions including the Global Environment Facility (GEF).   Since the mid-1990s, developing countries have approached the Global Environment Facility (GEF) in increasing numbers for assistance in improving the management of Large Marine Ecosystems (LMEs) shared with neighboring nations (Figure 1).  This paper describes the processes being undertaken as part of GEF projects focusing on Large Marine Ecosystems (LMEs) to foster country-driven commitments to policy, legal, and institutional reforms for changing the way human activities are conducted in the economic sectors that place stress on coastal ecosystems. LMEs serve as ecologically-defined areas for which stakeholder support for integrating essential national and multi-country reforms and international agency programs can be mobilized into a cost-effective, collective response to an array of conventions and programs.  Site-specific ocean concerns, those of adjacent coastal areas, and linked freshwater basins are being addressed in LMEs through GEF assistance.  Operation of joint management institutions is being supported and tested in order to restore biomass and diversity to sustainable levels to meet increased needs of coastal populations, and reverse the precipitous declines in ecosystem integrity currently being caused by over-fishing, habitat loss, and nitrogen over-enrichment.  At risk are renewable goods and services valued at $10.6 trillion per year (Costanza et al. 1997).
2. A new imperative for ecosystem-based action

Fishing down food webs and accelerated pollution loading contribute to the degradation of marine ecosystems and loss of habitat and biodiversity around the world as noted by Pauly and Christensen (1995) GESAMP (2001), Duda and Cruz (1998), Pauly et al. (1998), NRC (1999), and Jackson et al. (2001).  These trends were identified in Stockholm 30 years ago, and their significance was reaffirmed with actions adopted at the UN Conference on Environment and Development (UNCED) in Rio in 1992. Unfortunately, progress since 1992 has been disappointing.  Commitments to an alternative, sustainable pathway have been made by the world community in global instruments such as the UN Convention on the Law of the Sea (UNCLOS), the Convention on Biological Diversity (CBD), the Global Programme of Action (GPA) for the Protection of the Marine Environment from Land-based Activities, and the UN Framework Convention on Climate Change (UNFCCC). The UN Fish Stocks Agreement (FSA), regional seas agreements under UNCLOS, and the FAO Code of Conduct for Responsible Fishery Practices with its action plans. But they have yet to be effectively implemented by coastal countries.  

In fact, recent information suggests that the global situation is worse than commonly thought.  Jackson et al. (2001) reported that over-fishing has been more important than other causes of marine biomass depletion and biodiversity loss around the world, and that existing fish populations of marine ecosystems are significantly lower than their historical levels. With the need to support growing coastal populations and to maintain the foreign exchange receipts from the $50 billion international trade in marine fisheries (Valdimarsson and James 2001), and in consideration of the newly endorsed WSSD targets, positive steps need to be taken toward population restoration.  In addition,  in 2001, Watson and Pauly reported recalculations of fish catches that show a precipitous global decline since the 1980s.  The authors identified inaccurate reporting of data to FAO that has likely distorted global assessments and subsequent policy.  The inaccurate fisheries capture data reported to FAO may have maintained a false sense of security through the years, and as burgeoning aquaculture augmented capture fisheries, total production numbers have lulled policymakers into false impressions of what is, in fact, an ever deepening global decline.

When these recalculated fisheries statistics are normalized by global population data to provide a per capita annual catch estimate as was reported previously by Duda and Cruz (1998), an even more alarming decline in fisheries is evident that should worry policymakers. Based on the new information from Watson and Pauly (2001), this decline is depicted in Figure 2, and the resulting lack of confidence in global fishery statistics is troubling.  When combined with estimates of approximately 25% of global fisheries capture that is often wasted as by-catch and with up to $15 billion annually in perverse economic subsidies from governments that are often underreported or not disclosed in compliance with World Trade Organization requirements (Virdin 2001), there is ample evidence that marine ecosystems and their biological diversity are being depleted for short-term gains and that a breakdown of global, regional, and national institutions is responsible.

More and more, European, North American, and Asian nations are importing fish from developing nations to replace their already depleted stocks.  With the European fleet more than 40% larger than fish stocks can accommodate, marine resource depletion has expanded to the southern Mediterranean, to West Africa, and to South America (Kaczynsky and Fluharty 2002, UNEP 2001).  Irregularities have been identified in West African waters from excessive over-fishing, excessive by-catch loss, underpayment of licenses, and denial of timely information to coastal states by Kaczynsky and Fluharty (2002). Despite the multi-billion dollar a year international trade in fisheries, developing countries receive relatively little in terms of fees from distant fishing fleets and face a not-too-distant-future of resource depletion and drops in license fees.  Even in the rich tuna fishery of the western Pacific, UNDP (1999) reported that Pacific Small Island Developing States (SIDS) received only about 4% of the value of the tuna taken by distant fleets. Fishing down the food-web in proximity to coral reefs contributes to the degradation of reefs and to periodic bleaching events that may be related to fluctuating climate. The global status of reefs has declined during the last decade as human impacts result in more damage to marine biodiversity (such as turtles, dugongs, and other mammals). Reefs have also declined in response to overfishing, food chain, and habitat effects (NRC 1999, Jackson et al. 2001). These symptoms of marine degradation serve as indicators that neither global policies nor their uneven implementation are leading towards more sustainable coastal resources and  environments.  They constitute a new imperative for a radical shift in thinking about how site-specific marine ecosystems can be sustained, and how North-South collaboration can result in changes in the economic sectors that drive ecosystem depletion.   

3. An ecosystems-based approach to management

The Ecological Society of America’s Committee on the Scientific Basis for Ecosystem Management concluded that the overarching principle for guiding ecosystem management is to ensure the intergenerational sustainability of ecosystem goods (e.g. fish, trees, petroleum) and ecosystem services or processes including productivity cycles and hydrological cycles (Christensen et al. 1996)  From a fisheries perspective, the National Research Council (1999) concluded that sustaining fishery yields will require sustaining the ecosystems that produce the fish.  This approach represents a paradigm shift from the highly focused, single-species or short-term sectoral thematic approach in general practice today to a broader more encompassing ecosystem-based approach that moves spatially from smaller to larger scales, and from short-term to longer-term management practices as described by Lubchenco (1994).  Included in this approach is movement away from the management of commodities to maintaining the sustainability of the productive resource to ensure benefits from ecosystem goods and services for the future.  

This approach builds on an earlier application of “an ecosystem approach” to management of the North American Great Lakes Basin Ecosystem described by the Great Lakes Science Advisory Board (1978) and Duda (1990) as well as more recent efforts in developing an ecosystem-based approach for assessment and management of the North Sea (Reid 1999), the Northeast Shelf of the U.S. (Sherman et al. 1996), the Gulf of Mexico (Kumpf et al. 1999), and the Baltic Sea (ECOPS 1993-1995). The ecosystem-based approach recognizes the inter-connections among living and nonliving systems as well as humankind and economic and social systems being considered as integral parts of the ecosystem.  The Great Lakes approach led to governance agreements between the U.S. and Canada that follow longer-term pathways for sustainable use of ecological resources and resulted in significant reversal in degradation following adoption of joint assessment and management institutions.

4. Large Marine Ecosystems (LMEs)
On a global scale, 64 LMEs produce most of the world's annual marine fishery biomass yield. This number includes recent new additions in the Arctic and in the Pacific near Australia and New Zealand that were reported in 2002 (see Sherman 1995; IOC 2002).  LMEs are regions of ocean space encompassing coastal areas from river basins and estuaries to the seaward boundaries of continental shelves, enclosed and semi-enclosed seas, and the outer margins of the major current systems as shown in Figure 1.  They are relatively large regions on the order of 200,000 km2 or greater, characterized by distinct bathymetry, hydrography, productivity, and trophically dependent populations (Sherman 1994).  Within the 64 LMEs, 95% of the global marine capture fisheries are found as well as most of the ocean pollution and coastal habitat alteration.  Figure 1 shows LME interlinkages among the coastal ocean, its coastal margins, and linked freshwater basins as modified from Duda and Cruz (1998).
For approximately two-thirds of the 64 LMEs, studies have been conducted of the principal driving forces affecting changes in biomass yields. Changes in biodiversity among the dominant species within fish communities of LMEs have resulted from:  excessive exploitation, naturally occurring environmental shifts in climate regime, or coastal pollution.  For example, in the Humboldt Current, Benguela Current, and California Current LMEs, the primary driving force influencing variability in fisheries yield is the influence of changes in upwelling strength; fishing and pollution effects are secondary and tertiary effects on fisheries yields.  In continental shelf LMEs, including the Yellow Sea and Northeast United States Shelf, excessive fisheries effort has caused large-scale declines in catch and changes in the biodiversity and dominance in the fish community.  In these ecosystems, pollution and environmental perturbation are of secondary and tertiary influence.  In contrast, significant coastal pollution and eutrophication have been important factors driving changes in fisheries yields of the Northwest Adriatic, Black Sea, and the Baltic Sea.  Following peer-review, the results of these investigations were published in twelve volumes (Table 1). 

The geographic area of the LME, its coastal area, and contributing basins constitute the location for which assisting countries must understand the linkages among root causes of degradation and the integration of needed changes in sectoral economic activities. The LME areas serve as focal areas for capacity building and for bringing science to pragmatic use in improving the management of coastal and marine ecosystems.  The GEF Operational Strategy recommends that nations sharing an LME begin to address coastal and marine issues by jointly undertaking strategic processes for analyzing factual, scientific information on transboundary concerns and their root causes.  This process has been referred to as a Transboundary Diagnostic Analysis (TDA) and it provides a useful mechanism to foster participation at all levels.  Countries then determine the national and regional policies, legal, and institutional reforms and investments needed to address the priorities for action in a country-driven Strategic Action Program (SAP).  This allows sound science to become the basis for policy-making within a geographic location upon which an ecosystem-based approach to management can be developed and, more importantly, can be used to engage stakeholders and communities from that geographic area so that they contribute to the dialogue.  Without stakeholder and community participation, marine science will likely remain confined to the marine science community. Furthermore, the science-based approach encourages transparency through joint monitoring and assessment processes (joint cruises for countries sharing an LME) that build trust among nations over time and can overcome the barrier of false information being reported.

5. GEF bridging the institutional gaps
The GEF-supported processes in LME projects foster “learning by doing” and capacity building as “enabling activities” do in other GEF focal areas. They allow the science community to become engaged and provide interim outputs that serve as vehicles for stimulating stakeholder participation. These processes foster cross-sectoral integration so that an ecosystem-based approach to improving management institutions may be pursued. It provides a framework for those involved in integrated coastal management (ICM) and those addressing land-based activities and freshwater basin management to be integrated into a priority setting process.  This process builds confidence among different sectoral interests in a country through establishing a national GEF inter-ministerial committee and then among participating countries sharing the LME by establishing a multisectoral, intergovernmental, GEF Project Steering Committee.  The process of producing the Strategic Action Program (SAP) facilitates development of country-driven, politically agreed ways ahead for commitments to actions that address the priorities in a framework that encourages adaptive management.  This shared commitment and vision for action has proven essential in GEF Projects that have completed the process to secure commitments in policy, legal, and institutional reforms in different economic sectors. GEF may then fund an implementation project to assist countries in addressing the country-driven priorities for reform and investments.

Existing international agreements fall short of attaining the goals of the UNCED process for oceans. They are designed around sectoral themes such as pollution, the GPA, sewage, waste disposal, fisheries, biodiversity, or global climate change—themes that fail to link international and local problems in a cross-sectoral strategic approach applicable for the particular priorities of that LME and its coastal area.. They remain thematic and have encouraged narrowly focused institutions to develop. To bridge this gap, the GEF, its UN partner agencies, and other organizations including IUCN, IOC of UNESCO, and NOAA, have joined together to address these concerns.  Developing country officials responsible for coastal and marine resources have understood the ramifications of the degraded condition of their marine ecosystems and the link to land-based activities that have been so difficult to control.  Across Africa, Asia and the Pacific, Latin America and the Caribbean, and in Eastern Europe, country officials have been experimenting with the GEF to reverse the decline of their marine ecosystems, testing methods for restoring once abundant biomass in order to sustain growing populations of coastal communities and to conserve highly fluctuating systems to ensure continued benefits for future generations.  Since the early 1990s, these nations have approached the GEF, its implementing agencies, and other executing agencies like the UN Industrial Development Organization (UNIDO) for assistance in restoring and protecting sustainable use of their LMEs. 

Table 2 lists the LME projects that have been approved by the GEF or are under preparation with GEF funding.  The approved GEF LME projects include developing nations or those in economic transition as well as other OECD countries since the living resources, the pollution loading, or the critical habitats have transboundary implications across rich and poor nations alike.  With OECD countries involved that share the LMEs with the GEF recipient nations, expectations are that reforms will take place in both the North and the South in order to operationalize this ecosystem-based approach to managing human activities in the different economic sectors that contribute to place-specific degradation of the LME and adjacent waters.

6. Comprehensive LME demonstration projects and project modules

Four of the LME project areas involve testing comprehensive attempts at resolving complex and interlinked ecosystem problems: the Guinea Current, the Benguela Current, the Yellow Sea, and the Baltic Sea LMEs.  A five-module approach to the assessment and management of LMEs has been proven to be useful in other LMEs and is being applied in these four areas to test its utility.  The processes are customized to fit the situation within the context of the TDA process and the SAP process for the groups of nations sharing the particular LME based on available information and capacity. These processes are critical to integrate science with management in a practical way and to establish governance regimes appropriate for the particular situation.  Five operational modules (productivity, fish/fisheries, pollution/ecosystem health, socio-economics, and governance) are in the process of being adapted to four of the Comprehensive LME Demonstration Projects. The first four models support the TDA process while the governance module is associated with adaptive management regimes through periodic assessment processes (TDA updates) and updating of SAPs as gaps are filled.

6.1 Productivity Module

Productivity can be related to the carrying capacity of an ecosystem for supporting fish resources (Pauly and Christensen 1995).  Recently, scientists have reported that the maximum global level of primary productivity for supporting the average annual world catch of fisheries has been reached, and further large-scale “unmanaged” increases in fisheries yields from marine ecosystems are likely to be at trophic levels below fish in the marine food chain (Beddington 1995).  Measuring ecosystem productivity also can serve as a useful indication of the growing problem of coastal eutrophication.  In several LMEs, excessive nutrient loadings of coastal waters have been related to algal blooms implicated in mass mortalities of living resources, emergence of pathogens (e.g., cholera, vibrios, red tides, paralytic shellfish toxins), and explosive growth of non-indigenous species (Epstein 1993).

The ecosystem parameters measured in the productivity module are zooplankton biodiversity and information on species composition, zooplankton biomass, water column structure, photosynthetically active radiation (PAR), transparency, chlorophyll-a, NO2, NO3, and primary production.  Plankton of LMEs have been measured by deploying Continuous Plankton Recorder (CPR) systems monthly across ecosystems from commercial vessels of opportunity over decadal time scales.  Advanced plankton recorders can be fitted with sensors for temperature, salinity, chlorophyll, nitrate/nitrite, petroleum, hydrocarbons, light, bioluminescence, and primary productivity, providing the means for in situ monitoring and the calibration of satellite-derived oceanographic conditions relating to changes in phytoplankton, zooplankton, primary productivity, species composition and dominance, and long-term changes in the physical and nutrient characteristics of the LME and in the biofeedback of plankton to the stress of environmental change (Berman and Sherman 2001; Aiken et al. 1999).
6.2 Fish and fisheries module

Changes in biodiversity among the dominant species within fish communities of LMEs have resulted from: excessive exploitation, naturally occurring environmental shifts in climate regime, or coastal pollution.  Changes in the biodiversity of a fish community can generate cascading effects up the food chain to apex predators and down the food chain to plankton components of the ecosystem.  The Fish and Fisheries module includes fisheries-independent bottom-trawl surveys and acoustic surveys for pelagic species to obtain time-series information on changes in fish biodiversity and abundance levels.  Standardized sampling procedures, when deployed from small calibrated trawlers, can provide important information on diverse changes in fish species (Sherman et al. 1998). Fish catch provides biological samples for stock assessments, stomach analyses, age, growth, fecundity, and size comparisons; data for clarifying and quantifying multispecies trophic relationships; and the collection of samples for monitoring coastal pollution.  Samples of trawl-caught fish can be used to monitor pathological conditions that may be associated with coastal pollution and the small trawlers can be used as platforms for obtaining water, sediment, and benthic samples for monitoring harmful algal blooms, diseases, anoxia, and changes in benthic communities.

6.3 Pollution and ecosystem health module
In several LMEs, pollution has been a principal driving force in changes of biomass yields.  Assessing the changing status of pollution and health of the entire LME is scientifically challenging.  Ecosystem “health” is a concept of wide interest for which a single precise scientific definition is problematical.  The health paradigm is based on multiple-state comparisons of ecosystem resilience and stability and is an evolving concept that has been the subject of a number of meetings (NOAA 1993). To be healthy and sustainable, an ecosystem must maintain its metabolic activity level and its internal structure and organization, and must resist external stress over time and space scales relevant to the ecosystem (Costanza 1992).  The ecosystem sampling strategies are focused on parameters related to overexploitation, species protected by legislative authority (marine mammals), and other key biological and physical components at the lower end of the food chain (plankton, nutrients, hydrography) as noted by Sherman (2000).
Fish, benthic invertebrates, and other biological indicator species are used in the Pollution and Ecosystem Health module to measure pollution effects on the ecosystem, including the bivalve monitoring strategy of “Mussel-Watch;” the pathobiological examination of fish; and the estuarine and nearshore monitoring of contaminants and contaminant effects in the water column, substrate, and in selected groups of organisms.  The routes of bioaccumulation and trophic transfer of contaminants are assessed, and critical life history stages and selected food chain organisms are examined for parameters that indicate exposure to, and effects of, contaminants.  Effects of impaired reproductive capacity, organ disease, and impaired growth from contaminants are measured.  Assessments are made of contaminant impacts at the individual species and population levels.  Implementation of protocols to assess the frequency and effect of harmful algal blooms, emergent diseases, multiple marine ecological disturbances (Sherman 2000), and indicators of estuarine condition (Summers 2001) are included in the pollution module.

6.4 Socioeconomic module
This module is characterized by its emphasis on practical applications of its scientific findings in managing an LME and on the explicit integration of economic analysis with science-based assessments to assure that prospective management measures are cost-effective.  Economists and policy analysts work closely with ecologists and other scientists to identify and evaluate management options that are both scientifically credible and economically practical with regard to the use of ecosystem goods and services.

Designed to respond adaptively to enhanced scientific information, socioeconomic considerations must be closely integrated with science.  This component of the LME approach to marine resources management has recently been described as the human dimensions of LMEs.  A framework has been developed by the Department of Natural Resource Economics at the University of Rhode Island for monitoring and assessment of the human dimensions of an LME and the socioeconomic considerations important to the implementation of an adaptive management approach for an LME (Sutinen 2000).  One of the more critical considerations, a methodology for considering economic valuations of LME goods and services, has been developed around the use of interaction matrices for describing the relationships between ecological state and the economic consequences of change and is included in the framework.  
6.5 Governance module
The Governance module is evolving based on demonstrations now underway among ecosystems to be managed from a more holistic perspective than generally practiced in the past.  In projects supported by GEF for the Yellow Sea ecosystem, the Guinea Current LME, and the Benguela LME, agreements have been reached among the environmental ministers of the countries bordering these LMEs to enter into joint resource assessment and management activities as part of building institutions.  Among other LMEs, the Great Barrier Reef ecosystem is being managed from an ecosystem-based perspective, and the Antarctic marine ecosystem is being managed from an ecosystem perspective under the Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR). Governance profiles of LMEs are being explored to determine their utility (Juda and Hennessey 2001) in promoting long-term sustainability of ecosystem resources.

7. Comprehensive LME demonstrations    

In essence, systematic application of the 5 modules through the TDA-SAP processes can help foster an adaptive management approach to joint governance based on iterative assessments of indicator parameters (GEF monitoring and evaluation indicators) as part of establishing commitments to action and periodically reviewing progress made toward the indicators. These processes help to integrate science into the management regime and establish governance regimes for a collective response to site-specific priorities under various environmental conventions and action programs. Joint monitoring surveys are being employed to provide transparency in collection of data and confidence and trust among participating nations.  As noted in the Gulf of Guinea and Benguela Current LME projects in Africa, such joint cruises also serve to build capacity among nations to utilize sound science so that management decision-making may be improved.

8. Gulf of Guinea Pilot Project

The GEF is supporting the coastal nations all along the western coast of Africa in the establishment of ecosystem-based assessment and management of their coastal environments and resources.  Included among the projects was the pilot phase of the Guinea Current LME project from 1995 to 1999.  The six participating countries - Benin, Cameroon, Ghana, Ivory Coast, Nigeria, and Togo - have used the GEF Grant to strengthen national infrastructure in staffing positions and engaging government support.  The long-term objective of the project is to restore and sustain the health of the Guinea Current Large Marine Ecosystem and its living resources, particularly with regard to biological diversity, coastal habitats, and the control of water pollution.  

Project participants included: networks of national environmental protection agencies and departments, public health administrations, sewage work authorities, industries, and university/research institutions in the participating countries.  Non-governmental organizations (NGOs) and Community Based Organisations (CBOs) have been very active particularly in terms of public awareness and environmental education.  In order to provide the necessary focus, National Focal Point Agencies and National Focal Point Institutions were designated.  National and regional experts were designated to support the monitoring and assessment module of the project at the national and regional level.  The capacity of national institutes and experts was reinforced through the supply of appropriate equipment and by a series of workshops aimed at standardizing methodological approaches in the afore mentioned components.  Activity groups on specific topics (productivity, fish and fisheries, pollution monitoring, socioeconomics, and governance) were convened regularly to discuss the progress made and problems encountered, and to undertake joint assessments.  

At the international level, UNDP served as the Implementing Agency, UNIDO as the Executing Agency and UNEP as a Co-operating Organization.  The United States Department of Commerce through its National Oceanic and Atmospheric Administration (NOAA) provided technical support particularly in capacity building initiatives in addition to an in-kind contribution to the funding of the project.  Other United Nations and non-United Nations Agencies such as the Intergovernmental Oceanographic Commission (IOC) or UNESCO, International Maritime Organization (IMO), FAO, and IUCN provided guidance at specific stages in project implementation.

Actions included joint identification of major transboundary environmental and living resources management issues and problems, and adoption of a common regional approach, in terms of strategies and policies for addressing these priorities in the national planning process at all levels of administration, including local governments.  Among the successfully completed activities is a cooperative survey of the bottom fish stocks using a chartered Nigerian vessel with representatives of each of the participating countries taking part in the trawling and data reporting operations.  Funds were used to complete a report on the major multidecadal shifts in the abundance of fish stocks in the ecosystem, caused principally by environmental perturbations affecting the annual upwelling cycle and temperature regime of the ecosystem. Another outcome of the fish and fisheries module is recognition of the growing problem of fisheries stock depletion and the risks to sustainable artisinal fisheries for food security from industrial trawling activities (Korentang 2002). In addition to the cooperative trawl survey, surveys of the plankton community to address the carrying capacity of the Gulf of Guinea for supporting sustainable fisheries were conducted at six-week intervals using plankton recorder systems deployed from large container vessels transiting the region.  The samples are being processed in a Plankton Center established with GEF funds in Tema, Ghana in collaboration with the Sir Alister Hardy Foundation of the U.K.  One of the participants in this activity, Dr. George Wiafe of the University of Ghana, based his PhD thesis on the results of the plankton recorder analyses.
Forty region-wide workshops attended by nearly 900 participants were held on the key transboundary concerns, including: pollution monitoring, ecosystem productivity studies; natural resources management and planning, development of institutional capacities (including administrative and legal structures), and data and information management and exchange.  The pilot project for the Guinea Current LME established intra- and international networks of scientific institutions and non-governmental organizations, with a total of more than 500 scientists, policy makers and other participants (making it the African continent's single largest network for marine and coastal area management), to undertake studies on ecosystem degradation, to assess living resources availability and biodiversity, and to measure socio-economic impacts of actions and non-actions.  The capacity of the networks has been reinforced through the supply of appropriate equipment and by a series of group training workshops aimed at standardizing methodological approaches around five project modules: (1) productivity; (2) fish and fisheries; (3) pollution and ecosystem health; (4) socioeconomics; and (5) governance.

Restoration of mangrove areas has been initiated along the coast.  Assessments of the principal sources of coastal pollution have been initiated.  National State of the Marine Environment Reports were issued as "initial assessments," encompassing published and unpublished data and including policy options and past interventions.  Plans for the management of transboundary coastal resources were completed by each of the countries (Adam 1998, Ibe 1998, Ibe et al. 1998, Mondjanagni et al. 1998a, Mondjanagni et al. 1998b).  Several studies have suggested options for increasing the long-term sustainability of coastal resources and increasing socioeconomic benefits to the people of the region.  A detailed assessment of the nature and quantities of urban wastes and sewage and the present status of their management was completed.  With due recognition of the ongoing government efforts with the World Bank to implement master plans for urban wastes and sewage management, the project focused with municipal authorities on novel and low technology options, such as the use of settling pits in Ghana for sewage treatment in small communities and the sorting of domestic wastes prior to disposal as a means of encouraging recycling and reuse.  In addition, a parallel effort was made to develop strategies and policies to encourage reduction, recycling, recovery and reuse of industrial wastes.  One such initiative, now at the pilot stage in Ghana, is the establishment of Waste Stock Exchange Management System.  This concept, which has been enthusiastically embraced by manufacturing industries in Ghana and has as a slogan "one person's waste, another person's raw material," holds considerable promise as a cost effective waste management tool.  

An Accra Declaration has been signed by the Environmental Ministers from each of the six countries indicating joint commitment for taking steps to promote the long-term sustainability of the Gulf of Guinea resources (Ibe 1998).  The ministers of the environment, fisheries, tourism, energy, mining, and finance of the six countries engaged in the first phase of the Guinea Current project agreed with counterpart ministers of ten neighboring countries along the coastal margins of the ecosystem to extend the project in phase two to include 16 countries from Guinea Bissau on the northwest part of the coast to Angola in the southwest.  Phase two is presently focused on development of an expanded transboundary diagnostic analysis (TDA) and strategic action plan (SAP) in collaboration with the GEF, United Nations Industrial Development Organization (UNIDO), the U.N. Development Programme, NOAA, and IUCN.

9. Benguela Current LME Project

The GEF is supporting an ecosystem-based project requested by the governments of Angola, Namibia and South Africa for the "Integrated Management, Sustainable Development, and Protection of the Benguela Current Large Marine Ecosystem (BCLME)."  The project is focused on sustainable management and utilization of living marine resources, mining and environmental variability, ecosystem forecasting, management of pollution, ecosystem health and protection of biological diversity, and capacity strengthening.  Within an overall ecosystem approach, specific actions have been agreed upon through a series of meetings between stakeholders and government representatives.  During a 12-month planning period, the three countries reached consensus on a strategic approach for the project, based on the preparation of a Transboundary Diagnostic Analysis (TDA) and a Strategic Action Plan (SAP).  With regard to the fish and fisheries of the BCLME, the countries agreed to establish a regional structure to: (1) conduct transboundary fish stock and ecosystem assessments; (2) evaluate transboundary resource and environmental linkages; and (3) provide advice to the three governments based on the assessment results.  They agreed to conduct joint surveys and assessments of shared fish stocks over a five-year period beginning in 2002 as a demonstration of the benefits to each of the countries of joint assessments for compiling baseline data and validating survey and assessment methodology.

The countries are establishing an Interim Benguela Current Commission (IBCC) to strengthen regional cooperation.  The IBCC is to be supported by a project coordinating unit and advisory groups.  Within a period of five years it is expected that the IBCC will become a fully functioning Benguela Current Commission (BCC) with a supporting secretariat.  The BCC is to serve as the organization for harmonizing technical issues including fishing gear, mesh size and type, data compatibility, and assessment methodology.  Cooperative assessments of non-exploited species will also be made.  Effort will be directed by the BCC to develop a viable mariculture policy for the three countries.  Cooperative analyses of the socioeconomic consequences of harvesting methods will be undertaken by the IBCC with a view to appropriate intervention within the framework of improving sustainable use of the BCLME resources, and in compliance with the FAC Code of Conduct for Responsible Fishing.  In addition to fisheries, the IBCC will develop a regional framework for enhancing consultations for the purpose of mitigating the negative impacts of marine mining particularly with regard to any potential or actual conflicts among fisheries and coastal and offshore diamond/gold mining and oil and gas exploration and/or production.  

Among the principles adopted by the IBCC are: (1) the concept of sustainable development shall be used in a way that does not destroy the integrity of the BCLME ecosystem, or otherwise foreclose on options for use and enjoyment for future generations; (2) the precautionary principle where appropriate, shall be applied, preventative measures being taken when there are reasonable grounds for concern that an activity may increase the potential hazards to human health, living marine resources or marine ecosystems, damage amenities, or interfere with other legitimate uses of the sea, even when there is no conclusive evidence of a causal relationship between the activity and the effects and by virtue of which greater caution is required when information is uncertain, unreliable or inadequate; and (3) the use of economic and policy instruments that foster sustainable development shall be promoted through, inter alia, the implementation of economic incentives for introducing environmentally friendly technologies, activities and practices; the phasing-out of subsidies which encourage the continuation of non-environmentally friendly technologies, activities and practices; the introduction of user fees and the polluter pays principle; and that environmental, ecosystem, and human health considerations shall be included in all relevant policies and sectoral plans, especially those concerning marine industrial development, fisheries, mariculture and marine transport.

The structure of the Interim Benguela Current Commission (IBCC) and terms of reference of the Advisory Groups to the Commission for fisheries, environment, pollution, legal affairs, and data exchange have been approved at the ministerial level in the participating countries.

10. The Yellow Sea LME Project

Notable progress has been made in the introduction of the ecosystem-based management and assessment activities for the Yellow Sea LME (YSLME) by ministerial representatives of China and South Korea serving together in a joint steering committee for a GEF-sponsored International Waters project.  The project is being carried out in collaboration with the UNDP and other international partners including NOAA and IUCN.  The Yellow Sea LME is an important global resource.  This international water-body supports substantial populations of fish, invertebrates, marine mammals, and seabirds.  Many of these resources are threatened by both land- and sea-based sources of pollution and habitat loss resulting from extensive economic development in the coastal zone, and by the unsustainable exploitation of natural resources (primarily overfishing).  Additionally, there is significant international shipping traffic through the waters of the Yellow Sea, with associated threats from spills and collisions with marine mammals.  

In the western Yellow Sea, pollution sources include:  wastewater from Qingdao, Dalian and Lianyungang port cities; oil discharged from vessels and ports; and oil and oily mixtures from oil exploration.  More than 100 million tons of domestic sewage and about 530 million tons of industrial wastewater from coastal urban and rural areas are discharged into the nearshore areas of the Yellow Sea each year.  The major pollutants carried by sewage and waste water are oils, mercury, cadmium, lead, inorganic nitrogen and there is an increased oxygen demand created by polluting chemicals (COD).

The eastern Yellow Sea has significant pollution in the shallow inlets of its southern coastline where the many islands prevent mixing with open ocean water and red tides persist.  Demersal species used to be the major component of the resources and accounted for 65 to 90 percent of annual total catch.  The resource populations of demersal species such as small yellow croaker, hairtail, large yellow croaker, flatfish, and cod declined in biomass by more than 40 percent when fishing effort increased threefold from the early 1960s to the early 1980s.  Shifts in species dominance and biodiversity in the Yellow Sea are significant.  The dominant species in the 1950s and early 1960s were small yellow croaker and hairtail, while Pacific herring and chub mackerel became dominant during the 1970s.  Some smaller-bodied, fast-growing, short-lived, and low-value fish (e.g., Setipinna taty, anchovy, scaled sardine) increased markedly in about 1980 and have taken a prominent position in the ecosystem resources thereafter.  As a result, some larger-sized and higher trophic level species were replaced by smaller-bodied and lower trophic level species, and the resources in the Yellow Sea declined in quality.  About 70 percent of the biomass in 1985 consisted of fish and invertebrates smaller than 20 cm, and the mean body length in the catches of all commercial species was only 12 cm while the mean body length in the 1950s and 1960s exceeded 20 cm.  The trophic levels in 1985 and in the 1950s were estimated to be 3.2 and 3.8, respectively.  Thus it appears that the external stress of fishing has affected the trophic structure of the Yellow Sea ecosystem.

Aquaculture is a major use of the coastal waters of the Yellow Sea.  Mariculture is commonly practiced in all coastal provinces of China, and it is most advanced in Shandong and Liaoning provinces.  The total yield of invertebrate mariculture of ROK in 1997 was 301,873 metric tons (MT) representing 29.7 percent of ROK's total mariculture production (1,015,134 MT), including 200,973 MT of oysters (20 percent) and 63,572 MT of mussels (6.3 percent).  

Offshore oil exploration has been successful in the Chinese and DPRK portions of the Yellow Sea.  In addition, the sea has become more important with the growth in trade among its bordering nations.  The main Chinese ports are Shanghai, Lu-ta, Tientsin, Qingdao, and Chin-huang-tao; the main ROK port is Inchon, the outport of Seoul; and that for DPRK is Nampo, the outport for P'yongyang.  Tourism is an industry in its infancy in both China and Korea.  Several sites of picturesque beauty around the coastlines of these countries could be promoted as tourist attractions.  As access to China and Korea becomes easier for foreign visitors, the tourist industry will expand and the granite mountains of the western Liaoning coast in China and the islands and swimming beaches of ROK, in particular Cheju Island, will be in even greater demand.

The Yellow Sea is an international water-body and many of its problems can be solved only through international cooperation.  The management of the Yellow Sea is especially complicated in that it is surrounded by nations that share some aspects of their historical and cultural background, but differ in internal political systems, external political and economic alignment, and levels of economic development.  For the future of the Yellow Sea, it is thus imperative for the coastal nations to realize the importance of regional cooperation.  There are currently several agreements for bilateral regulation or development of the Yellow Sea and East China Seas, but none of them is binding on all the coastal nations; nor is any nation a party to all the agreements.  Of global policy significance has been the GEF/PEMSA assistance to the Government of China as it developed the Bohai Sea Declaration for the internal sea connected to the Yellow Sea.  This initiative is multi-jurisdictional in nature and includes the national government, provinces in the drainage area, and the large downstream municipality of Tianjin.  It represents the national equivalent of a  strategic action program enacted in the framework of coastal sustainable development.  The political declaration represents a decade-long commitment to on-the-ground action that will total billions of dollars of investments and policy/legal/institutional reforms to reduce the coastal degradation.  Such commitments are unprecedented in GEF recipient countries, and they are quite similar to the Chesapeake Bay Basin cleanup program in the United States that has been at work for two decades in coastal restoration.

The principal activities to be operationalized within the framework of the YSLME include measurements of stock size and primary productivity for carrying capacity determinations for capture fisheries mariculture and pollution assessments.  Other activities involve the assessments of fish stocks and establishment of total allowable catch quotas for fish.  A China-Korea forum for annual determination of TAC levels, based on the results of joint bottom trawl and acoustic surveys, will be introduced.  Budgets have been provided for improving analyses of socioeconomic benefits in relation to short-term and long-term resource sustainability options.  Consideration will also be given by both countries to the optimization of management actions for all shared marine resources.  A bilateral China-Korea Project Coordination Unit (PCU) has been established to oversee the project for both countries.  

11. Baltic Sea Regional Project

As late as 1950 the Baltic Sea was still regarded as environmentally “healthy.” Since then, the sea’s ecological deterioration has been caused by an increase of point source industrial and non-point source agricultural pollutants, degradation of the coastal zone and non-sustainable use of living marine resources. The natural vulnerabilities have been seriously aggravated by anthropogenic causes of environmental change and degradation. These problems of the Baltic Sea are transboundary in nature, and difficult to address on an individual country basis.  The need to address the management of agricultural inputs into international waters, improve coastal zone management and adopt sustainable management of living marine resources has been highlighted in the “Baltic Sea Joint Comprehensive Environmental Action Program (JCP)” which was prepared under the coordination of the Helsinki Commission (HELCOM) by a broad based task force. The JCP was adopted as the strategic action program for the region by the Ministers of Environment in 1992 and was updated and strengthened in 1998. HELCOM prepares assessments of transboundary trends and impacts in the form of pollution load compilations and periodic assessments which support implementation of the JCP. The JCP recognizes the need to use an ecosystem-based management approach that recognizes the freshwater, coastal and marine resources as a management continuum. This GEF Project responds to the need to address regional transboundary issues and to establish a coordinated approach to ecosystem-based management, in order to alleviate burdens from anthropogenic impacts and meet the objectives of the JCP. In fact, for the first time, this project has all three international commissions with responsibilities in the Baltic working together.  In addition to HELCOM, the Baltic Sea Fisheries Commission and the International Council for the Exploration of the Sea are collaborating in the GEF project to address overfishing, the loss of genetic resources of valuable fisheries in the LME, and contaminants that bioaccummulate to pose ecosystems and human health threats.

The Baltic Sea ecosystem and its catchment area have a range of ecotones and biological diversity. The brackish waters of the Baltic Sea contain a mixture of marine and freshwater species. The coastal areas serve as spawning, nursery, and feeding areas for several species of fish. “Baltic 21” statistics have indicated that the fishing industry contributes significantly to regional and local economies, and sustenance fishing is critical to the social and economic welfare of the coastal communities in the eastern Baltic. Major coastal and marine transboundary issues prevail due to current land, coastal and marine practices.  These include: (i) changes in the productivity of the near coastal and offshore waters from eutrophication; (ii) unsustainable fish stock yields; and (iii) degraded condition of coastal water quality from pollution, harmful algal blooms, multiple ecological disturbances, and contaminant loading.

The GEF Project components are based on the Large Marine Ecosystem (LME) concept and include integrated land, coastal and open sea activities to strengthen the local and regional capacity to achieve sustainable ecosystem management of the Baltic Sea resources. Sustainable management will improve ecosystem health while providing social and economic benefits to farming, coastal and fishing communities and sectors such as businesses and tourism. The Project introduces jointly planned and implemented multi-national monitoring and assessment surveys that facilitate local cooperation and coordination and use of innovative methodologies for assessing the changing state of the ecosystem and development of effective strategies for the management of these shared resources. Component activities provide the mechanisms to meet these objectives through improving coastal and open sea monitoring and assessment practices, understanding the carrying capacity of the coastal and open sea ecosystem, and promoting sustainable fishery practices.  

The Project supports activities in the coastal near shore environment of the Eastern Baltic Sea and in selected adjacent sections of the open sea environment. In general, the coastal near shore activities and monitoring network will correlate with land-based coastal and associated demonstration activities addressing land-based agricultural inputs to coastal and open sea waters and improving coastal zone management are critical for management of the Baltic Sea ecosystem. The JCP highlights management of agriculture inputs and coastal areas of the Baltic as priority issues. The agricultural element of the Component will (i) test administrative and organizational mechanisms (regional and local) and provide advice and support to the farming community; (ii) assess farmers’ interest in and willingness to pay for improving their environmental management practices; (iii) assist farmers to lower both the risk and barriers that currently hinder adoption of new practices; and (iv) provide support for small-scale environmentally responsible agricultural investments. 

The Project partially finances investment costs for on-farm environmental facilities, operating expenses of local implementers, equipment recommended by the farm management plans, and recurrent costs for local capacity building. The coastal zone management element of the Component covers the following: (i) the role that can be played by local communities in sustainable management of coastal resources; (ii) linking activities in the demonstration watershed to activities being taken on the coast; (iii) supporting implementation of previously prepared management plans; and (iv) assisting local communities to overcome barriers to adoption of new planning and management methods in these sensitive areas. The Project will partially finance costs for management activities, small-scale investments and demonstration activities and selected costs for local capacity building as well as encouraging the three commissions to work together.

12. Reversing biomass depletion is possible in LMEs

Recent carefully controlled ecosystem-based management actions in two LMEs are serving to reverse multidecadal declines in biomass yields.  Since 1994, reductions in fishing effort increased the spawning stock biomass (ssb) levels of cod in the Icelandic Shelf ecosystem, and haddock, yellowtail flounder, and other species in the US Northeast Shelf ecosystem.  

From the mid-1960s through the early 1990s, the biomass of principal groundfish and flounder species inhabiting the US Northeast Shelf ecosystem declined significantly from overfishing of the spawning stock biomass (NEFSC 1999g). In response to the decline, the biomass of skates and spiny dogfish increased from the 1970s through the early 1990s (NEFSC 1999).  The impact of the increase in small elasmobranchs, particularly spiny dogfish, shifted the principal predator species on the fish component of the ecosystem from silver hake during the mid-1970s to spiny dogfish in the mid-1980s (Sissenwine and Cohen 1991).  By the mid-1990s a newly developing fishery for small elasmobranchs initiated a declining trend in biomass for skates and spiny dogfish (NEFSC 2000).
With the cessation of foreign fishing on the Georges Bank-Gulf of Maine herring complex and the Atlantic mackerel stock in the late 1970s, followed by a decade of very low fishing mortality, both species began to recover to high stock sizes in the 1990s.  Bottom trawl survey indices for both species increased dramatically, showing over a ten fold increase in abundance (average of 1977-1981 vs. 1995-1999) by the late 1990s (NEFSC 2000, NEFSC 2000).  Stock biomass of herring increased to over 2.5 million metric (mm) tons by 1997 and ssb was projected to increase to well over 3.0 mm tons in 2000 (NEFSC 1999). The offshore component of herring, which represents the largest proportion of the whole complex, appears to have fully recovered from the total collapse it experienced in the early 1970s (NEFSC 2000). For mackerel, the situation is similar;  the total stock biomass has continued to increase since the collapse of the fishery in the late 1970s.  Although absolute estimates of biomass for the late 1990s are not available, recent analyses concluded that the stock is at or near a historic high in total biomass and ssb (NEFSC 2000). Recent evidence following mandated substantial reductions in fishing effort indicate that both haddock and yellowtail flounder stocks are responding to the catch reductions rather favorably with substantial growth reported in ssb size, for haddock and flounder since 1994.  In addition, in 1997 a very strong year-class of yellowtail flounder was produced, and in 1998, a strong year-class of haddock was produced (Figure 3). 

At the base of the food web, primary productivity provides the initial level of carbon production to support the important marine commercial fisheries (Nixon et al. 1986).  Zooplankton production and biomass in turn provide the prey-resource for larval stages of fish, and the principal food source for herring and mackerel in waters of the NE Shelf ecosystem.  Over the past two decades the long-term median value for the zooplankton biomass of the NE Shelf ecosystem has been about 29cc of zooplankton per 100m3 of water strained produced from a stable mean-annual primary productivity of 350gC/m2/yr.  During the last two decades, the zooplanktivorous herring and mackerel stocks underwent unprecedented levels of growth, approaching an historic high combined biomass.  This growth  took  place during the same period that the fishery management councils for the New England and Mid-Atlantic areas of the NE Shelf ecosystem sharply curtailed fishing effort on haddock and yellowtail flounder stocks.  Given the observed robust levels of primary productivity and zooplankton biomass, it appears that the "carrying capacity" of zooplankton supporting herring and mackerel stocks and larval zooplanktivorous haddock and yellowtail flounder is sufficient to sustain the strong year-classes reported for yellowtail flounder (1997) and haddock (1998).

The zooplankton component of the Northeast Shelf ecosystem is in a robust condition at biomass levels at or above the levels of the long-term median values of the past two decades, providing a suitable prey base for supporting a large biomass of pelagic fish (herring and mackerel), while providing sufficient zooplankton prey to support strong year-classes of recovering haddock and yellowtail flounder (Sherman et al. 2002).  No evidence has been found in the fish, zooplankton, temperature, or chlorophyll component that is indicative of any large-scale oceanographic regime shifts of the magnitude reported for the North Pacific or northeast Atlantic Ocean areas.

The robust condition of the plankton components at the base of the food web of the Northeast Shelf ecosystem was important to the relatively rapid rebuilding of zooplanktivorous herring and mackerel biomass from the depleted condition in the early 1980s to a combined biomass in 1999 of an unprecedented level of approximately 5.5 mm tons, following the exclusion of foreign fishing effort and the absence of any significant U.S. fishery on the stocks.  The milestone action leading to the rebuilding of lost herring and mackerel biomass was the decision by the United States to extend jurisdiction over marine fish and fisheries within 200 miles of the coastline.  Recently the Fishery Management Councils of New England, and the mid-Atlantic coastal states agreed to reduce fishing effort significantly on demersal fish stocks of the NE Shelf ecosystem.  With the reduction of exploitation rate, the spawning biomass of haddock and yellowtail flounder increased over a 4-year period and led to the production of large year-classes of haddock in 1998 and yellowtail flounder in 1997.

The Northeast Shelf ecosystem is presently undergoing a significant trend toward biomass recovery of pelagic and demersal fish species important to the economy of the adjacent northeast states from Maine to North Carolina.  Although the recovery has not as yet been fully achieved, the corner has been turned from declining overharvested fish stocks toward a condition wherein the stocks can be managed to sustain their long-term potential yield levels.  The management decisions taken to reduce fishing effort to recover lost biomass were supported by science-based monitoring and assessment information forthcoming from the productivity, fish and fisheries, pollution and ecosystem health, socioeconomics, and governance modules that have been operational by NOAA’s Northeast Fisheries Science Center for several decades in collaboration with state, federal, and private stakeholders from the region.  This case study can serve to underscore the utility of the modular approach to ecosystem-based management of marine fish species.  In an effort to stem the loss of fisheries biomass in other parts of the world, applications of this modular approach to LME management are presently underway (IOC 2000), with the financial assistance of the Global Environment Facility, collaborating UN agencies, and the technical and scientific assistance of other governmental and non-governmental agencies and institutions.

13. Special concerns about nitrogen over-enrichment of LMEs

A common thread regarding degradation of LMEs in GEF projects is widespread problem of eutrophication.  More and more, GEF receives requests for interventions in LMEs for such eutrophication concerns.  Nitrogen over-enrichment has been reported as a coastal problem for two decades from the southeast coast of the US as described by Duda (1982), to the Baltic and other systems (Helsinki Commission 2001). More recent estimates of nitrogen export to LMEs from linked freshwater basins are summarized in Figure 4, adapted from Jaworski (1999). These recent human-induced increases in nitrogen flux range from 4 to 8 times in the US from the Gulf of Mexico to the New England coast while no increase was documented in areas with little agricultural or population sources in Canada (Howarth et al. 2000).

In European LMEs, recent nitrogen flux increases of from 3-fold in Spain to 4-fold in the Baltic and 11-fold in the Rhine basin draining to the North Sea LME have been recorded (Duda 2000).  Duda and El-Ashry (2000) described the origin of this disruption of the nitrogen cycle from the “Green Revolution” of the 1970s as the world community converted wetlands to agriculture, utilized more chemicals and expanded irrigation to feed the world.  As noted by Duda (1982) for the Southeast estuaries of the US and Rabalais et al. (1999) for the Gulf of Mexico, much of the large increase in nitrogen export to LMEs is from agricultural inputs, both from the increased delivery of fertilizer nitrogen as wetlands were converted to agriculture and from concentrations of livestock as shown for eastern North Carolina by Duda and Finan (1983), where the increase in nitrogen export over the forested situation ranged from 20-500 fold in the late 1970s.  Industrialized livestock production during the last two decades increases the flux, the eutrophication, and the oxygen depletion even more as reported by the National Research Council (NRC 2000).  The latest GESAMP Assessment (2001) also identified sewage as a significant contributor to eutrophication in drainages from large cities and atmospheric deposition from automobiles/agricultural activities may also contribute depending on location.
GEF is being asked more frequently by countries to help support the agreed upon incremental cost of actions that reduce nitrogen flux.  Actions range from assisting in development of joint institutions for ecosystem-based approaches for adaptive management described in this paper, to on-the-ground implementation of nitrogen abatement measures in the agricultural, industrial, and municipal sectors, and breaching of floodplain dikes so that wetlands recently converted to agriculture may be reconverted to promote nitrogen assimilation.  The excessive levels of nitrogen contributing to coastal eutrophication constitute a new global environment problem that is cross-media in nature.  Excessive nitrogen loading has been identified as problematic in the following LMEs that are receiving GEF assistance: Baltic Sea, Black Sea, Adriatic portion of the Mediterranean, Yellow Sea, South China Sea, Bay of Bengal, Gulf of Mexico, and Plata Maritime Front/Patagonia Shelf.  Preliminary global estimates of nitrogen export from freshwater basins to coastal waters were assembled by Seitzinger and Kroeze (1998) as part of a contribution to better understanding LMEs.   Figure 5 indicates that preliminary estimates of global freshwater basin nitrogen export are alarming for the future sustainability of LMEs.  Without significant N mitigation efforts, and given the expected future increases in population and fertilizer use, LMEs may be subjected to a future of increasingly harmful algal blooms,  reduced fisheries, and hypoxia that further degrade marine biomass and biological diversity.

14. Sustaining momentum created in 126 countries
An increasing number of developed and developing countries, now totaling 126 around the world, are concerned enough with the degraded condition of their coastal and marine ecosystems to collaborate on GEF LME projects. Ministerial level commitments to ecosystem-based approaches for assessment and management may ultimately lead to establishing joint adaptive management regimes in support of the global objectives of Chapter 17 of Agenda 21, the Jakarta Mandate emphasis on coastal biological diversity (CBD), UN Conference on the Law of the Sea (UNCLOS), the global plan of action (GPA), and the regional seas agreements countries have signed. It appears that an important corner has been turned by these countries toward a focused global effort to restore biomass and biological diversity to coastal oceans as concerned governments understand the poverty reduction and security enhancement that accompanies more sustainable management regimes.. The GEF international waters focal area has played a catalytic role through its emphasis on joint management of Large Marine Ecosystems, their coastal assets, and linked river basins in an integrated manner. Through tests of these approaches, countries are starting to establish practical, science-based management regimes that address in collective and ecosystem-oriented ways the themes and programs under existing United Nations Sustainable Development Agenda 21 and other global instruments.

While many of the multi-country-driven LME initiatives supported with GEF grant funding have just started, and in others the national and regional reforms in progress will take a number of years to achieve, several lessons are becoming evident for the world community to consider in reversing the decline of its coastal oceans.  A geographic approach, based on the LMEs of the world, their adjacent coastal areas and linked freshwater contributing basins (where appropriate), is likely to overcome the limits of more thematically directed activities to address global environmental problems (e.g. fisheries, sewage, sediment, contaminants).  In this manner, the different stresses that are important to each specific area can be addressed jointly through processes that result in collective national actions in different economic sectors where needed.  Processes such as the TDA and SAP foster multi-stakeholder dialogue, inter-ministerial dialogue, and a discourse with the science community in unraveling complex situations so they can be divided into priority components for more effective management than is now in general practice.  Fragmented, thematic, single purpose programs are just not able to harness stakeholder involvement sufficiently to drive needed reforms compared to geographically-based initiatives. 

Assessment and management based on the five modules in the TDA and SAP processes, fosters an adaptive management approach through establishment of monitoring and evaluation indicators that are periodically measured by the nations and tracked over time for reporting to stakeholders and the GEF.  GEF agencies have fostered participation of multiple levels of institutions (multi-country, national-interministerial, and local government/communities) for buy-in and adoption of reforms.  The geographic nature of LME areas is conducive for achieving stakeholder participation and gaining political commitments to change. Thematic programs which are not place-based cannot garner real commitments for change in economic sectors without mobilizing local stakeholders as driving forces for reforms (Sherman and Duda 1999).  The national inter-ministerial committee established in each country to implement reforms and programs is particularly important to achieve practical integration of needed actions in different economic sectors. However, GEF was designed to play a minor, catalytic role and new Partnerships are needed to sustain the momentum that has been created.

15. New North-South partnerships for sustaining momentum

Now, at the beginning of this new century, a global common understanding is emerging that recognizes the accelerated degradation of coastal and, further, marine ecosystems, and that the decline is not just a problem of developing nations but is also driven by over-consumption from developed nations. The $50 billion annual trade in fisheries makes those nations a stakeholder in LMEs of the South in addition to their own LMEs.  Indeed, the more developed northern countries now acknowledge the need to adopt many reforms as well, not only for their degraded marine waters but also to provide a safety net to conserve marine waters of developing nations in the South that are exploited for global commerce.  The $15 billion in annual fishing subsidies represent a powerful driving force for depletion and reforms in those countries are just as essential as the reforms needed in developing nations. Many developed nations share LMEs with developing nations and the GEF has shown that they can work together for adopting an ecosystem-based approach for joint assessment and management purposes. 

If the spiraling degradation of coastal and marine ecosystems is to be reversed so that these ecosystems continue to provide both livelihood benefits to coastal communities as well as foreign exchange for governments, drastic reforms are necessary.  Competing global programs, competing interests of donors, competing priorities of international financial institutions also face an imperative to collaborate in harmony if the early momentum catalyzed through the GEF is to be sustained.  Donor organization assistance and international agency support for the strategic, country-driven reforms being identified through LME projects need to be delivered in a coordinated and sequenced manner to build capacity of nascent institutions that must learn to implement difficult reforms.  New geographically-based partnerships are necessary to ensure completion of the reforms and the North is an essential member of those partnerships.

Perhaps most importantly, the GEF LME projects are demonstrating that holistic, ecosystem-based approaches to managing human activities in LMEs, their coasts, and their linked watersheds are critical, and provide a needed place-based area within which to focus on multiple benefits to be gained from multiple global instruments.  Instead of establishing competing programs with inefficiencies and duplication, which is the norm now, the LME projects foster action on priority transboundary issues ACROSS instruments in an integrated manner—across UNCLOS, UNCED’s Chapter 17, Agenda 21 on Oceans, the Jakarta Mandate of the CBD, the GPA and its pollution loading reductions, and in dealing with inevitable adaptation issues under the United Nations Framework Convention on Climate Change (UNFCCC).  In fact, this ecosystem-based approach, centered around LMEs and participative processes for countries to undertake for building political and stakeholder commitment and inter-ministerial buy-in, can serve as the way ahead on  reversing the degradation of marine ecosystems consistent with Chapter 17, and with the agreements reached at the 2002 Johannesburg Summit for restoring depleted fish stocks by 2015, and for promoting the introduction of ecosystems-based assessment and management of natural resources. 

The adaptive management framework resulting from iterative application of the GEF Operational Strategy allows for sequential capacity building, technology introduction, and investments to an ecosystem-based group of nations by the world community so that this collective response to global conventions and other instruments can be achieved in a practical manner. However, if international financial institutions, bilateral donors, and agencies cannot work collaboratively in partnership with their client countries that have identified their needs for reforms and investments, continued fragmentation and duplication will serve as a barrier to reversing the accelerated depletion of coastal and marine ecosystems.  The 5 modules, including the results of joint surveys across the LMEs for transparency of information, capacity building and technology transfer, ensure that management institutions are engaged with the science community in joint efforts developed in conjunction with stakeholders.  In this way, ecological surprises of the future such as those generated by fluctuating climate may be able to be addressed by the joint institutions that may have a chance to insulate the poor communities that are the first to suffer adverse effects of inadequate management efforts.

This growing number of country-driven commitments to change as fostered by the GEF and the global imperative to change because of the degraded condition of the global coastal oceans provides an unprecedented opportunity for accelerating the transition to the conservation and sustainable use of coastal and marine ecosystems. The social, economic, and environmental costs of inaction are just too high for multilateral and bilateral institutions and international agencies not to support the fledgling efforts of 84 countries attempting to implement Chapter 17 of Agenda 21 by focusing on specific, shared LMEs. A new North-South partnership is needed on ecosystem-based approaches to assessment and joint management of LMEs and linked watersheds to restore lost fisheries biomass, biodiversity and degraded habitat.  This is needed to broaden and deepen reforms and investments initiated by GEF catalytic action, LME by LME, and to involve both developed and developing nations that have a stake in each LME and linked watershed.  Momentum should not be lost. The result may be irreversible damage to coastal and marine ecosystems, the livelihoods and security of poor communities depending on them, and the economy of many coastal nations.
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Figures.

Figure 1. Large Marine Ecosystems are areas of the ocean characterized by distinct bathymetry, hydrography, productivity, and trophic interactions.  They annually produce 95 percent of the world’s fish catch.  They are national and regional focal areas of a global effort to reduce the degradation of linked watersheds, marine resources, and coastal environments from pollution, habitat loss, and over-fishing.

Figure 2. Projected decline in per capita seafood availability from Watson and Tyedmers 2001.
Figure 3. Increasing trends in spawning stock biomass (ssb) and recruitment in relation to reductions in exploitation rate (fishing effort) for two commercially important species inhabiting the Georges Bank subarea of the Northeast Shelf ecosystem-- haddock  and yellowtail flounder.

Figure 4. Comparison of total nitrogen fluxes (TN) from selected LME watersheds from Jaworski (1999).
Figure 5. Model-predicted nitrogen (dissolved inorganic nitrogen, DIN) export by rivers to coastal systems in 1990 and in 2050 based on a business-as-usual [BAU] projection. Figure modified from Kroeze and Seitzinger (1998).
Tables.
Table 1. List of 33 LMEs and subsystems for which syntheses relating to primary, secondary, or tertiary driving forces controlling variability in biomass yields have been completed for inclusion in LME volumes.
Table 2. Countries where Marine Resource Ministries (fisheries, environment, finance) are supporting resource assessment from an ecosystems perspective and LME project planning and/or implementation is underway.
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Table 1.  Partial list of LMEs and subsystems for which syntheses relating to primary, secondary, or tertiary driving forces controlling variability in biomass yields have been completed for inclusion in LME volumes (also listed below).

	Large Marine Ecosystem
	Volume No.
	Authors

	U.S. Northeast Continental Shelf
	1
	 Sissenwine

	
	4
	 Falkowski

	
	6
	 Murawski

	
	10
	 Sherman et al.

	U.S. Southeast Continental Shelf
	4
	 Yoder

	Gulf of Mexico
	2
	 Richards and  McGowan

	
	4
	 Brown et al.

	
	9
	 Shipp

	
	9
	 Pauly et al.

	
	9
	 Lohrenz et al.

	California Current
	1
	 MacCall

	
	4
	 Mullin

	
	5
	 Bottom

	Eastern Bering Sea
	1
	 Incze and  Schumacher

	
	8
	 Livingston et al.

	Iceland Shelf 
	10
	 Astthorsson and  Vilhjalmsson

	West Greenland Shelf
	3
	 Hovgård and  Buch

	Norwegian Sea
	3
	 Ellersten et al.

	Barents Sea
	2
	 Skjoldal and  Rey

	
	4
	 Borisov

	
	10
	 Dalpadado et al.

	North Sea
	1
	 Daan

	
	10
	 McGlade

	Baltic Sea
	1
	 Kullenberg

	Faroe Shelf
	10
	 Gaard et al.

	Iberian Coastal
	2
	 Wyatt and  Perez-Gandaras

	Bay of Biscay
	10
	 Valdés and Lavin

	
	10
	 Wyatt and Porteiro

	Mediterranean-Adriatic Sea
	5
	 Bombace

	Newfoundland-Labrador Shelf
	9
	 Rice

	Canary Current
	5
	 Bas

	Gulf of Guinea
	5
	 Binet and  Marchal

	
	11
	 Mensah and Quaatey

	
	11
	 Lovell and  McGlade 

	
	11
	 Cury and  Roy

	
	11
	 Koranteng

	Benguela Current
	2
	 Crawford et al. 

	Patagonian Shelf
	5
	 Bakun

	Caribbean Sea
	3
	 Richards and  Bohnsack

	South China Sea-Gulf of Thailand
	2
	 Piyakarnchana

	East China Sea
	8
	 Chen and  Shen

	Sea of Japan
	8
	 Terazaki

	Yellow Sea
	2
	 Tang

	Sea of Okhotsk
	5
	 Kusnetsov et al.

	Humboldt Current
	5
	 Alheit and  Bernal

	Pacific Central American
	8
	 Bakun et al.

	Indonesia Seas-Banda Sea
	3
	 Zijlstra and  Baars

	Bay of Bengal
	5
	 Dwivedi

	
	7
	 Hazizi et al.

	Antarctic Marine
	1&5
	 Scully et al.

	Weddell Sea
	3
	 Hempel

	Kuroshio Current
	2
	 Terazaki

	Oyashio Current
	2
	 Minoda

	Great Barrier Reef
	2
	Bradbury and  Mundy

	
	5
	 Kelleher

	
	8
	 Brodie

	Scotian Shelf 
	10
	Zwanenburg et al.

	Somali Current
	7
	 Okemwa

	South China Sea
	5
	 Pauly and  Christensen

	West Greenland 
	10
	 Pedersen and  Rice


Vol.1
Variability and Management of Large Marine Ecosystems.  Edited by K. Sherman and L. M. Alexander.  AAAS Selected Symposium 99. Westview Press, Inc., Boulder, CO, 1986.  319 p.

Vol.2 
Biomass Yields and Geography of Large Marine Ecosystems.  Edited by K. Sherman and L.M. Alexander.  AAAS Selected Symposium 111. Westview Press, Inc., Boulder, CO, 1989.  493 p.

Vol.3
Large Marine Ecosystems:  Patterns, Processes, and Yields.  Edited by K. Sherman, L.M. Alexander, and B.D. Gold. AAAS Symposium. AAAS, Washington, DC, 1990.  242 p.

Vol.4
Food Chains, Yields, Models, and Management of Large Marine Ecosystems. Edited by K. Sherman, L.M. Alexander, and B.D. Gold. AAAS Symposium. Westview Press, Inc., Boulder, CO, 1991.  320 p.

Vol.5
Large Marine Ecosystems: Stress, Mitigation, and Sustainability.  Edited by K. Sherman, L.M. Alexander, and B.D. Gold. AAAS Press, Washington, DC, 1992.  376 p. 

Vol.6
The Northeast Shelf Ecosystem: Assessment, Sustainability, and Management.  Edited by K. Sherman, 

N.A. Jaworski, and T. J. Smayda.  Blackwell Science, Inc., Cambridge, MA, 1996.  564 p.

Vol.7
Large Marine Ecosystems of the Indian Ocean: Assessment, Sustainability, and Management.  Edited by K. 

Sherman, E.N. Okemwa, and M.J. Ntiba.  Blackwell Science, Inc., Malden, MA, 1998.  394 p.  

Vol.8 
Large Marine Ecosystems of the Pacific Rim: Assessment, Sustainability, and Management.  Edited by K.

Sherman and Q. Tang.  Blackwell Science, Inc., Malden, MA.  1999, 455 p.

Vol.9
The Gulf of Mexico Large Marine Ecosystem: Assessment, Sustainability, and Management.  Edited by H. Kumpf, K. Stiedinger, and K. Sherman.  Blackwell Science, Inc., Malden, MA, 1999.  736 p.

Vol.10
Large Marine Ecosystems of the North Atlantic:  Changing States and Sustainabiity.  Edited by H.R. Skjoldal and K. Sherman.  Elsevier, Amsterdam and New York. 2002. 449 p.

Vol.11
Gulf of Guinea Large Marine Ecosystem:  Environmental Forcing and Sustainable Development of Marine Resources.  Edited by J. McGlade, P. Cury, K. Koranteng, N.J. Hardman-Mountford. Elsevier Science, Amsterdam and New York. 2002. 

Vol.12
Large Marine Ecosystems of the World:  Trends in Exploitation, Protection, and Research.  Edited by G. 


Hempel and K. Sherman. In press.
Table 2.  Countries where Marine Resource Ministries (fisheries, environment, finance) are supportive of resource assessment and management from an ecosystems perspective, and LME project planning and/or implementation is underway.

	LME
	Participating countries
	Status

	Bay of Bengal
	Bangladesh, India, Indonesia, Malaysia, Maldives, Myanmar, Sri Lanka, Thailand
	PDF Block B funding approved.  UN Executing Agency is FAO1.

	South China Sea
	Cambodia, China, Indonesia, Malaysia, Philippines, Thailand, Vietnam  
	Project Implementation funding approved.  UN Implementing Agency is UNEP2.

	Yellow Sea
	China, Korea 
	Project Implementation funding approved.  UN Implementing Agency is UNDP3.

	Guinea Current
	Angola, Benin, Cameroon, Congo, Democratic Republic of Congo, Equatorial Guinea, Gabon, Ghana, Guinea, Guinea Bissau, Ivory Coast, Liberia, Nigeria, Sao Tome and Principe, Sierra Leone, Togo
	Phase I completed.  Project in Phase II Block B funding.  UN Executing Agency is UNIDO4.

	Benguela Current
	Angola, Namibia, South Africa
	Project Implementation funding approved.  UN Implementing Agency is UNDP.

	Somali Current
	Kenya, Tanzania
	PDF Block A approved.  Further funding pending.  UN Implementing Agency is UNDP.

	Agulhas Current
	Madagascar, Mozambique, South Africa
	PDF Block A approved.  Further funding pending.  UN Implementing Agency is UNDP.

	Canary Current
	Cape Verde, Gambia, Guinea, Guinea Bissau 

Mauritania, Morocco, Senegal
	PDF Block B funding approved.  UN Implementing Agency is UNEP, IUCN5 is a partner institution.

	Humboldt Current
	Chile, Peru
	PDF Block B Funding approved.  UN executing agency is UNIDO.

	Caribbean Sea


	Bahamas, Barbados, Belize, Brazil, Colombia, Costa Rica, Cuba, Jamaica, Mexico, Panama, St. Lucia, Trinidad and Tobago, Venezuela (IOCARIBE members)
	In planning phase.  Block A funding approved with UNESCO/IOC6.

	Gulf of Mexico
	Cuba, Mexico, United States


	PDF Block B funding approved. UN executing agency is UNIDO.

	Baltic Sea
	Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland, Russia, Sweden 
	Project Implementation funding approved.  Implementing Agency is the World Bank.

	Pacific Central American Coastal
	Colombia, Costa Rica, Ecuador, El Salvador, Guatemala, Mexico, Nicaragua, Panama
	In planning phase.


1 United Nations Food and Agricultural Organization, Rome.

2 United Nations Environmental Programme, Nairobi.

3 United Nations Development Programme, New York.

4 United Nations Industrial Development Organization, Vienna.

5 IUCN - The World Conservation Union, Gland.

6 United Nations Educational and Scientific Organization/Intergovernmental Oceanographic Commission, Paris
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